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a second look 

=f\ by Jim Fisk 


Seventy-five years ago this month, on January 19th, 1903, the first two-way radio transmission was completed 
between the United States and England when President Theodore Roosevelt exchanged greetings with King Edward 
VII of England through the Marconi wireless station at South Wellfleet on Cape Cod. Only ten years earlier it was an 
achievement which would have seemed impossible, even to the most foresighted scientists; they were delighted 
when their crude laboratory apparatus could be made to span a few meters — to transmit a radio signal across 5000 
kilometers of ocean was beyond their wildest imagination. Young Guglielmo Marconi, not yet 30 years old when he 
accomplished the feat, was not restrained by such learned skepticism, but from the viewpoint of his first attic 
laboratory in 1894, even he would have been surprised by his great successes of the future. 

The son of a well-to-do land owner, Marconi had little formal technical training, but through his family's friendship 
with Professor Righi at the University of Bologna he was allowed to audit the professor's physics classes. It was there 
that Marconi was first exposed to the radio experiments of Heinrich Hertz, Oliver Lodge, and others. He soon set up a 
small lab in the attic of his father's large estate and began to experiment with electromagnetic phenomena. With 
Righi's spark gap mounted in the center of a short dipole and Lodge's coherer (a glass tube filled with metal filings) for 
his receiver, he was able to transmit radio signals that rang a bell at the other end of the attic. 

Guglielmo moved his equipment out into the yard and was soon working over distances of 50 meters or more. He 
found that he could extend his range by increasing the height of his antenna, but with greater heights it became more 
and more impractical to install the spark gap at the center of the antenna. When he installed the spark gap at ground 
level and connected it between the antenna and ground, his range increased dramatically. What was happening, of 
course, was that greater antenna heights meant lower operating frequencies since the dipole was the only resonant 
circuit in the transmitter, and the longer wavelengths provided greater range (Marconi's earliest experiments were at 
about 300 MHz, which limited transmissions to line of sight). 

In 1896 Marconi took his apparatus to England where some friends had arranged a meeting with William Preece, 
chief engineer of the British Post Office, the governmental department which had jurisdiction over all electrical com¬ 
munication in Great Britain. Preece was apparently impressed by the young Italian because arrangements were quick¬ 
ly made for a practical demonstration of the equipment for various British officials. By the autumn of 1896 
Marconi had transmitted and received signals over a distance of 3 kilometers at Salisbury; in the spring of 1897 he 
transmitted signals across the Bristol Channel (14km); and later that year he communicated between two ships at sea 
16 km apart. 

Although Marconi was enjoying the full support of Preece at the Post Office, apparently the bureaucracy moved too 
cautiously (or released funds too slowly), for he formed his own firm, the Wireless Signal and Telegraph Company in 
July, 1897 (in 1900 the name of the company was changed to Marconi's Wireless Telegraph Company). 

In the late 1890s Marconi continued to improve his equipment, and, in 1899, at the invitation of the French govern¬ 
ment, he bridged the English Channel, a distance of more than 50 km. By 1900 science had progressed to the point 
where signalling over distances of 300 km was possible, and Marconi began hinting that even the wide expanse of the 
Atlantic was not a barrier to wireless. In October the Marconi Company began construction of what was to be the 
most powerful wireless station in the world, at Poldhu Point in southwest England; by November, 1901, all was in 
readiness and Marconi sailed for St. John's, Newfoundland, the point in North America which was nearest to Poldhu. 
On December 12th, he and his assistants were successful in copying the Morse letter S transmitted from Poldhu — 
thirteen months later two-way wireless communications across the Atlantic were accomplished and the era of long¬ 
distance radio had begun. 

Marconi had a great deal of respect for the radio amateurs, for it was amateurs who showed that the short waves 
were not a "vast wasteland," as many scientists of the day believed, but were more valuable to long-distance radio 
than the lower frequencies favored by the commercial interests. In his later years Marconi often referred to himself as 
an "amateur" — it's only fitting that the 75th anniversary of his two-way radio transmission across the Atlantic will be 
celebrated this month on the amateur bands by KM1CC, a special events station operated by amateurs on Cape Cod. 
Look for them on 160 through 10 meters the week of January 14th. During the same period amateur stations will also 
be operating from the original Marconi transmitting sites at Poldhu and Clifden, Ireland. 

Jim Fisk, W1HR 
editor-in-chief 
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"REPEATER DEREGULATION is being delayed" reported FCC Safety and Special Services 
Chief Charley Higginbotham, Enough serious questions about some provisions of the 
Docket 21033 Report and Order were raised by concerned Amateurs — and particularly 
the ARRL in its petition for reconsideration — to justify staying its effective date 
pending further review. Charley expects the Commission to move quickly in its recon¬ 
sideration, probably before January 1st. 

Individual Secondary Station licenses will be on their way out when the Commission 
announces a decisiorT on Docket^ 21135, but military recreation, club, and RACES station 
licenses will be continued. Charley also predicted that by sometime this year Amateurs 
will no longer need to change callsigns when moving from one call area to another. 

Call areas will continue, but having a prefix corresponding to your call area will be¬ 
come optional. He also predicted a "lifetime" Amateur operator's license will be adopt¬ 
ee. In addition, he expects we'll soon be able to claim credit for "elements passed" 
in an Amateur license exam — take the whole test even if you fail the CVJ, then return 
for only the failed portion next time. 

Autopatch Abuses , Charley warned, continued to jeopardize interconnects for the 
Amateur Service. "It's your decision!" he said, and if we don’t clean up our act we'll 

end up with formal Commission proceedings that will severely curtail, if not eliminate, 
Amateur ability to tie into the phone system. 

A PIRATE 220-MHZ REPEATER operating in Chicago as a "commercial telephone service" 
was shut down in early November by the FCC's Chicago Field Office after a two-week-long 
investigation. No Amateur Callsigns were ever heard and it’s probable that most of the 
"subscribers" (including a tire wholesaler and a medical clinic) thought they were per¬ 
fectly legal. 

TWO NEW ORLEANS AMATEURS PLEADED GUILTY in U.S. District Court to three counts of an 
eight-count bill charging therrT with transmitting obscene language and maliciously inter¬ 
fering with a New Orleans repeater during this last summer. The problem had been going 
on for over a year, but the two Amateurs — K5NY and WB5AWN — had avoided getting caught 

by the FCC by learning when special DFing equipment was in the area and laying low until 

it left. Cooperative efforts by local Amateurs and local FCC finally produced the need¬ 
ed proof leading to their indictment and subsequent guilty pleas. 

NEW MANAGER OF AMSAT QSL BUREAU is Ross Forbes, WB6GFJ, P.0. Box 1, Los Altos, Cali- 

fornia 94022. Former manager, WALEHF, is stepping down after 4% years at the helm. Ross 

is well qualified, having spent 1969-1972 as manager of the ARRL W6 QSL Bureau, which han¬ 
dles over 90,000 cards per month! 

Donations From Clubs and Individuals to the solar cell and battery funds have brought 
in nearly $18,000, proving the effectiveness of AMSAT’s recent-heavy publicity campaign. 

Several Donations of $1000 Each have resulted in the names and callsigns of the donors 
being inscribed on a plaque to be carried into space aboard the first Phase Three 
satellite. 

LU3AAT Heard KV4AD on 145.9 MHz November 17th when KV4AD was working OSCAR 7 Mode A — 
about a tKousaruT kilometers over the present 2-meter DX record. KV4AD and KV4FZ are both 
working with LU3ATT and other LUs attempting to make it two way. 

THE FIRST TRANSEQUATORIAL two-meter contact was logged In October when YV5ZZ exchanged 
signal reports with LU1DAU, who is approximately 50 km south of Buenos Aires. The dis¬ 
tance spanned represents a 2-meter DX record of 3180 miles (4446 km) . Initial contact 
was made at 0230Z on October 29 using CW. At 0310Z both stations switched to ssb on 
145.9 MHz exchanging 55-57 reports. Signals were steady with none of fading experienced 
during a prior 6-meter QS0. At 0312Z YV5ZZ also worked LU7DJZ who is about 30 km north 
of Buenos Aires. 

AMATEURS WITH AI RCRAFT or who operate Amateur gear in others' planes should review 
FAA AdvisoryCircularAC 20-98, which contains both FAA and FCC regulations on the in¬ 
stallation and operation of "nonessential" radio equipment in an airplane. 

LI2B IS OPERATING IN IRAQ with government permission as he sails his reed boat down 
the Euphrates River. Thor Heyerdahl has an okay to operate one hour a day, and report¬ 
edly runs 150 watts to a 20-meter dipole on the craft’s mast. Unfortunately the oper¬ 
ation won't count for DXCC credit because he's afloat, 

SM0AGD Operated from Baghdad in a brief demonstration for Iraqi government officials 
during the Worldwide phone contest weekend. The operation from the Swedish embassy 
netted 18 contacts, and the Iraqi officials were reported favorably impressed. 

POINT-OF-SALE CONTROL for linear amplifiers has been instituted by Canada’s Depart- 
men F^T^ommum~caTToHsF In a Canada Gazette announcement, the DOC stated that all linear 
buyers must sign a special form including~~tKeir names and addresses at the time of pur¬ 
chase. The form is then forwarded to the DOC and the buyer's name compared with lists of 
General Radio Service (CB) licensees to determine whether the purchaser is in violation 
of DOC rules barring linear possession by an operator in the General Radio Service. 
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broadcast quality 

television camera 


How to combine 
a sync generator 
with three 
additional circuit boards 
to obtain a versatile, 
high-quality TV camera 


This television camera's main features combine 
high quality and ruggedness with relatively low 
cost and easily obtainable components. Printed- 
circuit construction and detailed circuit descriptions 
were used to produce a project that will be opera¬ 
tionally complete; it's not just another partially as¬ 
sembled unit, hastily placed under the workbench 
because of the lack of parts, technical knowledge, or 
article documentation. An attempt has been made 
to keep the special tools and materials stocked only 
by machinists separate from this project. And though 
I have found that compromises must be made to 
most ideal goals, every practical effort was made to 
keep these compromises to a minimum. 

A number of interesting features were incorpo¬ 
rated into this camera. Most of them allow flexibility, 
with applications extending beyond ATV use. Indeed, 
application flexibility weighs very heavily for any 


homebrew project, so study the following features 
and compare them to other cameras and your in¬ 
tended use. 

1. Resolution capability. In excess of 500 lines. 
The video processor has a 3 dB response of approx¬ 
imately 6.5 MHz but actual resolution depends large¬ 
ly upon the quality of lens, Vidicon, and yoke in that 
order. 

2. EIA interlaced scanning. Commercial broad¬ 
cast quality sync is provided to further enhance sta¬ 
bility, resolution capability, and weak signal lock-in 
when the picture is viewed through snow. Also, if a 
video tape recorder is used, exceptional frame lock 
stability is provided. 

3. Crystal-controlled timebase. A 3.15 MHz crys¬ 
tal is used to derive horizontal and vertical scanning, 
eliminating a 60-Hz line requirement. 

4. High acceleration voltages for the Vidicon. 
Resolution is basically increased as the G3-G4 grid 
voltage is raised but the main intent is to enhance 
the Vidicon's amplitude response, therefore boosting 
the performance of weak Vidicons. 

5. High-video output. 1 volt p-p positive going 
video is available at the output connector. The video 
is ac coupled for 75-ohm line drive requirements 
providing sufficient video for even the most stubborn 
modulator. 

6 . Simple operating controls. The normal focus, 
target, and beam controls are rear panel mounted. 
No linearity adjustments are needed because of the 
current feedback, in the ramp generators, which 
provides a linear sweep. 

7. Poor-man's special effects. Variable vertical 
and horizontal blanking is provided as an option for 
multi-camera superimposed image applications. 

By Arthur Towslee, WA8RMC, 180 Fairdale 
Avenue, Westerville, Ohio 43081 
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-IflV +J5V -45V -25V ♦22V -»5V +/5V +5V 



fjg. 1. Wiring diagram for the frame of the camera. The connector for the power supply printed-circuit board is a Cinch 50-20A 30. The other boards use the Cinch 50- 
12A-30. The C-mount lens-mounting plate 13833). yoke and focus coil assembly (2045) r and Vidicon socket 12100) are available from Denson Electronics, Box 85, Vernon, 
Connecticut 06066. A suitable power transformer (ACT-760512.0) is available from Automation Engineering for $10.00, postpaid. A set of four etched and drilled circuit 
boards is available for $25.00, postpaid, also from Automation Engineering. 

















8. Low power requirements. Only 25 watts of ac 
power is required; portable applications can make 
use of low-power inverters when 12 Vdc operation 
is used. 

9. Printed-circuit construction. Four 3 x 6-inch 
(7.6x15.2cm) circuit boards are used, thereby elimi¬ 
nating most hand wiring. 

10. Rugged and simple construction. Easy-to- 
obtain aluminum is used. The frame approach pro¬ 
duces a camera that is mechanically rugged and al¬ 
lows easy access to all components. 

ll^Vidicon and yoke flexibility. The circuit design 
allows for many different magnetic focus/deflection 
Vidicons to be used. Also, a wide variety of deflec¬ 
tion yokes can be accommodated. 

12. Low cost. I estimate that the average amateur, 
with a well stocked junk box, can build this camera 
for less than 150 dollars. New parts cost (via surplus 
outlets) is approximately 275 dollars. 

13. Optional automatic light compensation. By 
the addition of a 500 to 1000 megohm resistor in the 
video processor, reasonably good light compensa¬ 
tion can be obtained. 

14. Clamped black video level. As the average 
scene illumination changes, the black level position 
remains constant. This produces a constant refer¬ 
ence level needed for proper setup of bias levels in 
video modulators and final rf amplifiers. 

I've found all of these features to be important, 
and are lacking in many camera designs. The origin 
of this design grew from seeing many other camera 
designs; I liked some of the features of each but not 
all in any one camera. Thus, I undertook the task of 
designing a camera from scratch, the way I wanted 
it. Also, I was determined to finish this project before 
starting another, and I've got a lot of things around 
the house that need attention! 

general description 

A block wiring diagram of the camera is shown in 
fig. 1. The role of the power supply is obvious, and 
includes the generation of the +450 Vdc needed for 
Vidicon operation. All main timing and beam scan 
control is provided by the sync generator which was 
covered in detail in the September, 1977, issue of 
ham radio. This board provides the clock for the high 
voltage generation in the power supply, along with 
the horizontal and vertical pulse information to oper¬ 
ate the sweep generator and video processor circuit 
boards. The sweep generator supplies the operating 
voltages for the yoke/focus coil and Vidicon. The 



fig. 2. Photograph of the vertical video waveform. The 
blanking pulse can be seen as a slightly intensified portion 
of the base line, while the sync pulse is visible as an inten¬ 
sified portion on the - 40 line. 


video processor circuit board, as the name implies, 
processes the minute Vidicon target current into 
composite video, inserting sync and blanking on the 
output video. Typical horizontal and vertical output 
waveforms, at the video output connector, are 
shown in figs. 2 and 3. 

Although complete circuit description and theory 
of operation becomes encyclopedic, and the resul¬ 
tant space would be prohibitively large, I hope that 
sufficient information is given here to enable you to 
properly troubleshoot and alter the circuitry as re¬ 
quired to suit your own requirements. Most parts are 
non-critical and substitutions can be made if full 
knowledge of their function is understood. There are 
many areas which are considered "designer's 
choice," implying that there is more than one way to 
achieve the same result. 

Sync generator. All of the outputs provided on this 
circuit board are not used, so I'll recap only the 
functions needed and generally describe what their 
role is in this camera. 

First, the high-voltage power supply uses the 15- 
kHz square wave at pin C. The composite sync at 
pin 4 and the composite blanking at pin 2 are fed 
directly to the video processor for insertion into the 
raw video. The horizontal drive (pin E) and the verti¬ 
cal drive (pin 5) feed the sweep generator to trigger 
the respective ramp generators and also to provide 
Vidicon blanking during scanning beam retrace. The 
high-voltage disable input is not used so it must be 
connected to pin D ( + 5V) to enable the high-voltage 
drive. 

Power supply. A great deal of effort was made to 
provide a complete power supply (fig. 4) on one cir- 
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cuit board that was as simple as possible, easy to 
troubleshoot, and used commonly available com¬ 
ponents. I almost made it, with the exception of the 
high-voltage transformer. 

A +5 Vdc power supply circuit is used with the 
popular LM309K regulator 1C as the series pass ele¬ 
ment. Particular attention should be given to the 
transformer secondary ac voltage. I point this out 
because I've seen many projects using a 6.3 Vac 
winding to obtain regulated 5 Vdc from a bridge 
rectifier. It will be found that most of these power 
supplies drop out of regulation at 110 Vac input, 
even with very high filter capacitor values. It's possi¬ 
ble to use a center-tapped 12 Vac transformer with 
a full-wave center-tap arrangement, as shown in the 
sync generator article, since there is only one diode 
voltage drop. A diode bridge has an extra voltage 
drop to add in, thus a higher ac voltage is required to 
maintain regulation. 

A simple, little known formula for determining the 
minimum filter capacitance is presented here for 
those who may want to calculate the minimum value 
of C4. 

First, the average dc voltage at the filter capacitor 
(C4) is roughly 1.1 times the secondary ac rms vol¬ 
tage. Using this information, apply the formula 
CV=IT 

where C = Capacitor value in farads 

V= Peak ripple voltage at the filter capacitor 
in volts 

/= Load current at the output of the regula¬ 
tor in amperes 

T=Time between charge peaks in seconds 

For the LM309 to regulate, a minimum input to out¬ 
put differential of 1.5 volts must be maintained. 
Therefore, at 5 Vdc output, the input must never go 
below 6.5 volts. At a low line voltage of 105 Vac, the 
dc level will drop to 7.3 Vdc. Therefore, only 0.8 
volt of ripple is allowed. These facts produce the 
following: 

C= ! -y = 0 00833x0.175 _ Q 003906farads (3906nF) 

Therefore, at least 3900^tF of capacitance is re¬ 
quired. I might have parted a bit from the main topic 
here, but I feel the above information is sadly lacking 
from typical power-supply designs. I'm a collector of 
rule-of-thumb formulas and this seems to be a good 
place to exercise this one. 

The +15 Vdc regulator circuit is similar to the 
+ 5-volt circuit except a full-wave center-tap recti¬ 
fier is used. The output is taken from U1. The -15 
Vdc regulator uses the other half of the CR2 bridge 
with the + 15 Vdc output as a reference. This pro¬ 


vides tracking between the two supplies. U3 is used 
as an error amplifier to compare the R1-R2 connec¬ 
tion to ground. If +15 and - 15 volts are equal and 
opposite, and R1 = R2, zero volt will be present be¬ 
tween pins 2 and 3 of U3. If not, U3 will drive G2 to 
change the minus voltage until the difference is zero. 
This arrangement works quite well despite the fact 
that there are dual-tracking regulators on the market 
doing the same job. The most cost effective ap¬ 
proach is used here. The last of the low-voltage 
rectifier circuits is the -45 Vdc supply. This is a 
full-wave bridge doubler composed of C8, C9, CIO, 
and CR3. This combination is used to eliminate the 
need for another transformer winding. The circuit, if 
redrawn, will reveal that it is actually two cascade 
voltage doublers arranged in push-pull to provide 
full-wave rectification with better regulation than a 
half-wave arrangement. 



The power transformer used to supply the vol¬ 
tages for the previous circuits is the size of a 6.3 Vac 
3-amp filament transformer. Multiple transformers to 
obtain the required voltages could be used here, but 
to fit into the available space I have designed a single 
unit to fulfill these specific needs. It is also possible 
to wind a transformer by removing the secondary of 
a filament transformer and winding back on the 
required wire (if you really like to wind transformers). 

The high voltage needed to operate the Vidicon is 
obtained by the use of a dc-dc converter driven by 
the 15750-Hz square wave from the sync generator. 
T1 is a ferrite cup core around a hand-wound bobbin. 
In operation, when the logic level drive signal at pin 
6 goes positive, Q1 turns on and saturates the core 
of T1. When Q1 is turned off, the collapsing field in 
the primary of T1 is transferred to the secondary with 
a magnitude determined by the turns ratio. The ac 
voltage induced across the secondary is then recti¬ 
fied and filtered in a conventional manner. 
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The circuit feeding the focus potentiometer is a 
half-wave cascade voltage doubler formed by Cl9, 
CR4, and CRB. All other voltages are obtained from 
simple half-wave rectification circuits. The filter on 
the primary of T1 is used to prevent the switching 
spikes and the collapsing field of T1 from being fed 
back into the +15 volt regulated supply. The point 
that Q1 switches is halfway across the horizontal 
active scan, so if care is not taken to suppress the 
spikes, they will appear as a vertical line in the center 
of the picture. 

Various chokes were tried for LI. The best com¬ 
mercially available unit I could find is a Miller 100-^H 
hash choke. However, for those who find this item 



fig. 3. Horizontal video waveform as seen on an analyzer. 
The sync pulse is seen on the 40 line. 


hard to obtain, a toroid-wound choke consisting of 
24 turns of no. 22 AWG (0.6mm) enameled wire 
wound on an FT50-75 core is quite satisfactory. 

The high-voltage transformer T1 is a homemade 
unit wound on a Magnetics OF42213-UG ferrite core 
and a PCB2213-23 bobbin. Actual winding and as¬ 
sembly is quite simple and total construction time 
should be less than 15 minutes; careful winding of 
the primary will save time later. See the construction 
section for full details. 

sweep generator 

The sweep generator (fig. 5) provides a number of 
functions; first and most important is the generation 
of linear ramp currents to sweep the electron beam 
across the target area of the Vidicon. In addition, 
logic is provided to blank the Vidicon during ramp 
retrace and also to blank the Vidicon in case of 
sweep failure. Finally, a constant-current source 
supplies the focus coil with the proper current to 
establish magneticfocus for the Vidicon. 

Vertical ramp generator. Operational amplifier 


U1A acts as an integrater to produce a vertical ramp 
controlled by the vertical drive pulse. This circuit is 
different than most integraters because the inte¬ 
grating capacitor Cl is referenced to ground, 1 there¬ 
by simplifying the vertical ramp reset circuitry (Q1). 
This configuration also allows for any required lin¬ 
earity correction. The component values shown pro¬ 
vide a linear ramp (R1 and R2 are equal) but the out¬ 
put is an exponential function in which the magni¬ 
tude and sign of the exponent may be varied by 
changing the ratio of R1 and R2 while holding the 
total resistance constant. The sum of R1 plus R2 
multiplied by Cl \C1(R1 + R2)} determines the slope 
of the ramp. Values of Cl other than 1 /zF may be 
used providing the RC constant remains unchanged 
and the value of R1 and R2 does not exceed ap¬ 
proximately 250 kilohm. In fig. 5, C1=1 /aF while 
R1 and R2 equal 100,000 ohms. Therefore, the RC 
constant is 200,000. If Cl was 10 /*F, then R1 and R2 
must each be 10,000 ohms. 

The amount of positive feedback through R4 and 
R5 controls the exponential output. These resistors 
must be equal for a linear ramp but the main function 
is to set the gain (gain of 2). Any value of resistance 
for R4 and R5 between 4.7k and 100k produces no 
significant change in the output. Caution must be 
exercised when selecting values for Cl. Stable, low- 
leakage capacitors (preferably non-electrolytic) 
must be used. I specify a mylar capacitor but tanta¬ 
lum units may be substituted if the correct polarity is 
observed. In operation, the positive-going vertical 
drive pulse resets the ramp generator by turning on 
Q1 and discharging Cl to ground. After the vertical 
pulse is completed, Cl linearly charges producing 
the + 5 volt output at pin 12 of U1 A. The next pulse 
resets Q1 and the cycle repeats again. The relatively 
large signal output (+5 volts) from U1A is inten¬ 
tional, to produce a large signal-to-noise ratio. 

The second stage (U1B) is a voltage follower 
placed in the current loop to provide adjustable cur¬ 
rent gain and dc offset. The signal is reduced before 
pin 6 to approximately 0.6 V p-p and then compared 
to the 0.6 V p-p signal at pin 7. The output from pin 
10 then feeds a complementary transistor pair (Q2 
and Q3) which provides a current boost to drive the 
vertical yoke. R14 and RIB bias Q2 on slightly before 
G1 turns off, eliminating crossover distortion; R16 
also helps supply current at the crossover point. 
R17 and R18 are simply current limiters for the tran¬ 
sistors and also provide some degree of decoupling. 

Capacitor C3 shunts the small component of hori¬ 
zontal ramp signal around the vertical coils. R21 is 
used to sense the current through the vertical yoke 
since the voltage developed across this resistor is 
proportional to the current flowing through the coils. 
R19 and R20 form a voltage divider across R21 and 
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fig. 4. Schematic diagram of the power supply board. Diodes CR1, CR2, and CR3 are Varo VE18 diode bridges, or can be replaced 
with individual 1N4004 diodes. All other diodes are 1N4007s. R1 and R2 should be matched to within 1 per cent; all other resistors 
are 10 per cent tolerance. The 100 jiH choke is a J. W. Miller 5250. All the capacitor values are minimum values which can be in¬ 
creased if the new capacitor will fit within the available space. The high-voltage transformer is mounted by an 8-32 (M3.5) screw 
through the circuit board. Flat washers should be used to spacethe transformer approximately 1/8 inch (3mm) above the board. 


feed back a portion of the voltage to the inverting in¬ 
put of U1B. The overall gain of the loop is deter¬ 
mined by 

Rll + R13r 

mi . Ein ~ E ° 

where E in is the voltage at pin 7 and E a is the voltage 
at R20's wiper. 

By changing the vertical yoke current, the height 
is varied with minimum current equal to maximum 


height and vice versa. Yokes with different deflection 
factors can be accommodated by changing the value 
of R21 which changes the range of the height poten¬ 
tiometer R20. The value used here (100 ohms) will 
yield an R20 range of 12 to 80 mA. Decreasing this 
value to 50 ohms would produce a range of 25 to 
160 mA. However, most deflection factors fall in the 
range of 12 to 80 mA. C2 compensates U1B and 
prevents ringing due to overshoot by reducing the 
gain of U1B at high frequencies. Centering pot R10 
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fig, 5. R7 is a %-watt, 10 per cent, composition resistor All other resistors, except the potentiometers, are V*-watt, 10 per cent. The potentiometers can be either Helipot 
72PM, Bourns 3386-P, or Bourns 3386-F. All diodes are 1N4151 but most other silicon diodes are acceptible. The heatsinks are Thermalloy 2212B 5 or 2227-B for G8, and 
Thermalloy 2228 B for Q7 and Q11, Cl and C4 are mylar capacitors; C11 should be a tantalum capacitor. 







This side view of the camera shows the sweep generator 
card. The additional components for the alignment coil can 
be seen on the socket for this circuit board. 


provides a variable do reference to center the ramp 
symmetrically about zero. Increasing the bias shifts 
the picture on the monitor from the top to bottom. 

Horizontal ramp generator. This circuit is identical 
in concept to the vertical ramp generator discussed 
above. In fact, a visual inspection of the schematic 
will reveal only one added part, R24 in the circuit of 
U2A. When the horizontal pulse resets the ramp, C4 
is not completely discharged due to the 10-ohm re¬ 
sistor, but left with a slightly positive bias which 
shows up at pin 6 of U2A as an offset. This small 
offset opposes that presented by the horizontal 
centering control and will provide sufficient adjust¬ 
ment on either side of zero. 

The slew-rate upper-frequency limitation of U2A 
is used to an advantage here. Since slew rate is 
measured in volts per unit of time, the higher the 
ramp voltage becomes, the more time it takes to 
retrace. Steep slope retrace times will tend to pro¬ 
duce ringing in the following stages; By keeping the 
peak ramp voltage high (+5V), the retrace takes 
longer due to slew-rate limiting and yoke ringing is 
minimized. The resistive divider (R29 and R33) then 
attenuates the signal to approximately 0.6 volt at pin 
6 of U2A. 

The output voltage and current boost circuitry, 
formed by transistors Q5-Q8, provide the required 
gain and current drive for the horizontal yoke. Q5 and 
Q6 provide some gain but serve primarily as dc level 
shifters to drive the complementary stage (Q7 and 
Q8). Since the use of higher voltage levels was re¬ 
quired, I had to fall back on discrete logic. The higher 
peak-to-peak voltages are due to two factors. First, 
the horizontal deflection factor of the yoke is roughly 
six times higher than the vertical circuit. This is due 
to the smaller number of turns of wire to minimize 
the inductive reactance. Second, because of the 
increased inductive reactance, even with fewer wire 


turns, more voltage must be impressed across the 
windings to source the same current as that required 
by the vertical circuit. 

Obviously, there are compromises and tradeoffs 
while trying to maximize current with a minimum of 
voltage. Notice that a negative supply voltage of 
-45 volts is used. This is because maximum current 
is needed during retrace where the rise time is the 
greatest. An oscilloscope on the collector of Q6 
would reveal a sharp negative-going pulse. 

Theoretically, an infinitely steep voltage pulse, 
discharged into a pure inductance, will produce a 
current ramp. This is how some commercial cameras 
generate a sweep. However, no circuit achieves 
theoretical factors so non-linearities creep in. That is 
why most cameras provide linearity adjustments. 

Since the circuit presented here is a true closed- 
loop current source, the source voltage is auto¬ 
matically controlled to produce a linear current ramp. 
Thus, no linearity adjustments are needed and the 
only non-linearities which do exist are in the yoke 
itself. Because of the ramp generator design, com¬ 
pensation can be made to overcome this if required. 
For all practical purposes, however, yoke non- 
linearities are not detectable to the average viewer. 

The zero crossover problem, discussed in the ver¬ 
tical circuit, is more difficult to overcome due to the 
higher frequency involved. Hence diode biasing is 
used to overlap the turn on of Q7 before Q8 turns off. 
R39 provides the proper degree of overlap and also 
balances the base drive for Q7 and Q8. Notice at this 
point that R7 is placed across the emitter-collector of 
Q8. If a yoke is used that requires more than 300 mA 
p-p for proper operation, base drive limiting can take 
place due to the low current gain of Q8. Therefore, 
R7 helps to source current when the ramp is maxi¬ 
mum negative, reducing the dissipation. Even with 
R7 in the circuit, Q8 is driven much harder and for a 
longer duration of the cycle than Q7. 

I would like to point out here that a large imbalance 
of the centering pot for a long duration will cause 
excessive dissipation in Q7 or Q8, depending upon 
which side of zero the imbalance occurs. Steps must 
be taken to check this when initially powering the 
circuit to avoid the premature replacement of the 
transistors. 

The value of R3 depends upon the yoke induc¬ 
tance and is used to dampen the inductance and 
lower the Q of the circuit to prevent ringing. Use a re¬ 
sistor decade box and decrease the resistance to a 
point where any vertical bar shading irregularities at 
the left side of the video monitor just disappear. If 
an oscilloscope is handy, connect it from terminal C 
to ground and view the horizontal ramp. Adjust R3 
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to eliminate any ringing on the leading edge of the 
ramp immediately after retrace. For the yoke speci¬ 
fied, this value is 2.2 kilohms. 

The current sense element for the horizontal ramp 
is R45 and operates in exactly the same manner as 
R21 in the vertical circuit. Changing the value of this 
resistor will change the range of the width potenti¬ 
ometer R43. With an R45 value of 10 ohms, a current 
range of 120 to 400 mA can be accommodated. It is 
important to realize that when it is desired to view 
the ramp waveform on a scope, only the current 
waveform is meaningful, because it is the current 
that deflects the electron beam within the Vidicon. 
(Remember that we are dealing with magnetic de¬ 
flection Vidicons.) 

Don't confuse the current waveforms with voltage 
waveforms shown on many commercial camera 
schematics. In many cameras, current waveforms 
are difficult to make because of the lack of a ground¬ 
ed current reference point. However, in this case R21 
(vertical) and R45 (horizontal) are in the current path. 
A scope from terminal A or C to ground will display 
current if the voltage on the CRT is divided by the 
R21 or R45 resistance. 

The Vidicon must be blanked during both vertical 
and horizontal retrace even though proper blanking 
of the video waveform is taken care of farther down¬ 
stream; this is because of the persistance and lag of 
the Vidicon — an actively scanned retrace will pro¬ 


duce dark diagonal lines superimposed on the normal 
scan. Methods to blank the Vidicon vary from cath¬ 
ode blanking to G1 grid blanking or both. In this 
case, simple cathode blanking is used by raising the 
cathode approximately 22 volts positive during the 
retrace intervals. The vertical and horizontal drive 
signals are inverted, wire ORed and again inverted to 
drive the Vidicon cathode through U4. I have noticed 
that when using a type 4478 Vidicon, because of its 
higher cathode cutoff point, marginal cutoff of the 
beam can occur, especially at low-light levels, pro¬ 
ducing a very slight retrace line. Using a type 7735 
Vidicon has not been any problem. 

The Vidicon must be protected from accidental 
loss of either vertical or horizontal sweep, even for 
time durations as short as a fraction of a second. If 
sweep failures occur without protection, the scan¬ 
ning beam in the Vidicon would permanently burn 
the target material, causing a serious line or spot in 
the picture after normal sweep resumed. U3, a 74123 
dual retriggerable one-shot, is the heart of a scheme 
devised to blank the Vidicon (turn off the scanning 
beam) if either horizontal or vertical sweep is inter¬ 
rupted. In operation, CIO and R54 integrate the ver¬ 
tical ramp, negative-going retrace into a short dur¬ 
ation pulse at the base of Q10. Q10 turns on during 
this time to produce a positive pulse at pin 10 of U3 
to reset the timer. The output (pin 12) is low at this 
point. After the input pulse, U3 starts a time delay 



fig. 6. Schematic diagram of the video processor; all voltages are shown with no video (lens capped} and R16 turned fully 
counter-clockwise. R4, R7, and R9 are metal-film or deposited-carbon resistors. All other resistors are V*-watt, 10 per cent car¬ 
bon composition. Diodes CR7 CR10 are 1N4151 or equivalent silicon diodes; LI is a Nytronics WEE-100 or J. W. Miller 70F755A1, 
and L2 is a Nytronics WEE 220 or J. W. Miller 70F224A1. U1 is an RCA CA3039 and U2 is a CA3083. The output voltage will vary de¬ 
pending upon the pedestal setting. R29's value will produce 40 IRE units of sync; to change to 20 units, R29 must be reduced to 
220 ohms. All voltages were measured with a 10,000 ohms/volt meter. 
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Rear view of the camera with the back plate removed. The 
three capacitors which are connected to the Vidicon socket 
are grounded through a common piece of braid to the video 
processor socket. 

which, if allowed to time out, will cause pin 12 to go 
high. For normal operation, before the timer times 
out, a new pulse arrives at pin 10 resetting the timer 
and repeating the cycle. If the sweep had failed to re¬ 
trace, no pulse would occur at pin 10 and the timer 
would time out thus driving U4 pin 8 low and blank¬ 
ing the Vidicon. 

The time delay is set by R55 and Cl 1 and is slightly 
longer than a normal 16-millisecond vertical-scan 
cycle. The horizontal circuit operates in an identical 
manner. Note that I have brought the C11-R55 
junction to pin D on the connector. Normally this 
pin is not used, but if the delay is shortened to time 
out before the end of the normal scan cycle the Vidi¬ 
con will be blanked from that point until the start of 
the next cycle. By connecting a 500k potentiometer 
from pin D to + 5 Vdc, a poor man's special effect 
can be made to "wipe" from bottom to top. An addi¬ 
tional 500k potentiometer from pin E to + 5 Vdc will 
produce a wipe from right to left. This combination 
will change the picture from full screen to a small 
square in the upper left of the screen. One caution 
must be observed. By blanking the Vidicon at a point 
normally in the active scan region for a long time on 
relatively bright scenes, a line will be produced on 
the screen when the blanking point is changed. This 
could produce a permanent burn in the Vidicon. 

The Vidicon magnetic focus control circuit is also 
on this circuit board. It is a simple current sink to 
supply constant current to the focus coil indepen¬ 
dent of supply voltage and coil resistance variations. 
R60 is adjusted to set the current desired to focus 


the Vidicon. The voltage developed at the emitter of 
Q11 is compared to the voltage at the wiper of R60 
by U5. U5 will then drive G11 until these voltages are 
equal, producing a voltage drop across R59 which is 
proportional to the focus coil current. The focus coil 
current, I 0 = Eji 6 Qwipcr/R59. The op-amp's open 
loop gain and excellent temperature stability are 
combined to produce very stable regulation of the 
focus current. 

Most focus coils typically require approximately 
40 mA if the coil resistance is about 400 ohms, pro¬ 
ducing Er6o equal to 0.4 volts. The lower the coil 
resistance, the higher the required current will be. If 
the focus coil used approaches 100 ohms, it will be 
necessary to place a small resistance in series with 
the coil (approximately 22 ohms) to prevent exces¬ 
sive dissipation in Q11. The voltage across terminals 
E and F should be close to 15 volts. Finally, capacitor 
C20 must be placed across terminals E and F to 
suppress horizontal spikes occurring at a rate too fast 
to be corrected by U5 (there was not room enough 
to mount this capacitor on the circuit board). 

video processor 

The video processor, as the name implies, pro¬ 
cesses the extremely low level video signal from the 
Vidicon. The preamplifier portion (fig. 6), composed 
of Q1 through Q4, amplifies the signal and also pro¬ 
vides response modification. The amplified signal 
(approximately 0.7 volt p-p) is then presented to the 
processor where blanking and sync are inserted. 

The preamplifier accepts the extremely low level 
current, from the target of the Vidicon, which is pro¬ 
duced by the discharge of the target by the scanning 
beam. This signal, in the range of 0.05 to 0.5 micro¬ 
amp, is ac coupled to Q1 and discharged through R4 
to produce a voltage equal to: 

, [/?•/*/*7l 
l lR4 + R 7J 

at the gate of Q1. For 0.3 microamp of target current 
(a relatively bright scene), approximately 60 mV is 
developed at QVs gate; a higher voltage level than 
one would suspect. Wiring must be kept to a mini¬ 
mum and also well shielded at this point to prevent 
broadcast interference pickup due to the high im¬ 
pedance involved. 

The target bias is also applied at this point. This 
positive voltage will charge the capacitive surface of 
the Vidicon that eventually will be discharged by the 
scanning beam. The bias, usually about +20 volts, 
must be varied as the average scene level changes 
and ideally must be a constant-current source for 
automatic light compensation. By making the value 
of R7 very large (greater than 100 megohms) a 
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constant-current source is approximated because the 
Vidicon is basically a constant-current generator. 
Therefore, partial ALC is achieved. My original de¬ 
sign uses a 2.2-megohm resistor for R7 v»!: s no ALC. 
However, if ALC is desired, use a 500- to 1000- 
megohm resistor for R7 and increase the value of the 
target pot from 500k to 1 megohm. If this is done, the 
recovery from abrupt light level changes will be slow, 
especially as R7 approaches 1000 megohms because 
C6 must be charged {or discharged) to a stable level 
in the process. 

In operation, the high impedance gate of Q1 
amplifies the video signal with some series peaking 
in the drain circuit. This technique helps to compen¬ 
sate for the normal high-frequency rolloff of the 
Vidicon. R9 shunts L2 to shape the response of the 
peaking by reducing the Q of L2. At low frequencies 
R10 is primarily the load resistor, while at high fre¬ 
quencies, where the reactance of L2 is higher, R2 
and X[_of L2 are additive to increase the gain of the 


The video at Q2's source is ac coupled to G3 and 
Q4; Q4 is used as a bootstrapped emitter follower 
with a dc gain of 1. Degenerative feedback is pro¬ 
vided to vary the high-frequency rolloff point (aper¬ 
ture) and the slope of the gain curve to the rolloff 
point (high peaking). The aperture is normally ad¬ 
justed by viewing a scene with high contrast ratios 
and adjusting R14 for no white tails following a white 
to black transition. The high-peaking pot, R15, is ad¬ 
justed by observing the maximum picture detail 
without noticeable oscillation effects. The corrected 
video is then fed to the video gain pot R16 for pre¬ 
sentation to the sync and blanking processing 
stages. 

The blanking and sync insertion circuitry 2 is built 
around an RCA CA3039 high-speed diode array. The 
circuit restores the dc level to the incoming positive¬ 
going video signal, inserts blanking, sets up a pedes¬ 
tal level, and then adds composite sync. This type of 
processing precisely inserts the sync and blanking in- 
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fig. 7. Component placement for the completed power supply board. 


stage. Q2 is basically a source follower to isolate the 
signal from the previous stage and to present a lower 
impedance for coupling to Q4. In addition, it pro¬ 
vides a dc stabilized feedback to Q1. G1 and Q2 
therefore operate together to provide a single in¬ 
version of the signal with a total mid-frequency gain 
of approximately 15. 


formation, not merely adding it to the video. Linear 
addition is not good enough because the video in¬ 
formation would ride on top of the sync information. 
Sync must only contain position information; there¬ 
fore, the video is clamped to a voltage level at the 
positive terminal of C16 by diode CR3. 

Diode CR7 protects CR3 from excessive reverse 
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The 0.01 ftf disc capacitor mentioned in the text can be seen 
attached to the sync generator board. Its inclusion will 
eliminate a vertical line in the picture. 

voltage and will clamp the absolute video excur¬ 
sions to approximately 0.7 volt. The resulting signal 
is then fed into a differential amplifier consisting of 
Q6 and Q7, a matched pair within the CA3086 (U2). 
This amplifier has a low gain (2.5) between the base 
of Q6 and collector of Q7 but a much higher gain 
(6.5) between the base of Q7 and its collector. With 
CR5 reverse biased during scan time, amplified 
video will appear at the collector of Q7. When a 
horizontal or vertical blanking pulse appears at pin 2, 
CR5 is forward biased and saturates Q7, thereby 
adding a very large pedestal to the video. This pedes¬ 
tal must then be clipped and sync added to complete 
the process. 

Transistor Q5 and the associated circuitry is con¬ 
nected to function as a constant-current source 
which will set up a variable voltage at the cathode of 
CR4 depending upon the presence or absence of a 
sync pulse. Thus, whenever the signal at Q7's col¬ 
lector is more negative than this potential, CR4 will 
isolate the video signal from the base of Q8. How¬ 
ever, if the level at G7's collector is more positive, 
the video signal will appear at G8. If the current from 
Q5 produces a level at Q8 base just beneath the video 
black level, the entire video will rest upon the blank¬ 
ing level. When CR1 conducts due to an incoming 
sync pulse, R29 will be short-circuited, and the vol¬ 
tage at the base of Q8 will drop a corresponding 
amount. The resultant composite video is then pre¬ 
sented to the output transistors Q8 and Q9. Transis¬ 
tor Q10 is connected as a diode to provide negative 
feedback. Because of QIO's low reverse breakdown 
of 6 volts, it acts as a zener to clamp the feedback at 
6 volts. R30 and R32 are purposely selected to be 
low values to keep impedances low and improve 
bandwidth. 


The entire processor circuit, including the preamp, 
has been tested and found to have an overall 3 dB 
bandwidth in excess of 6.5 MHz. This value is more 
than adequate for all but the most expensive 
Vidicons. 

There are a few comments about component se¬ 
lection which deserve mention. The preamp resistors 
R4, R7, and R9 should be metal film to keep noise to 
a minimum. C6 must be a non-polarized and low- 
leakage capacitor; most ceramic capacitors are fine. 
In the processor U1 is a diode array selected pri¬ 
marily for high-speed operation. Substitution of 
descrete slow-speed diodes could be disastrous. U2 
is a high-current transistor array to handle the rela¬ 
tively high current in the output stage; it also runs 
warm in normal operation. In some applications, 
particularly for ATV operation, the sync amplitude 
may have to be altered. R29 is selected to produce 
approximately 40 IRE units of sync. To reduce this 
level to 20 IRE units, decrease this value to 220 ohms. 

A number of prototypes were built before an 
arrangement was obtained that provided compact 
size, easily obtainable materials, a minimum of 
special tools for fabrication, and accessibility to all 
printed circuit boards while the camera was opera¬ 
tional. Of course, there are always tradeoffs to any 
design, but the main criterion here lies in the ability 
for the maximum number of people to be able to 
reproduce this design with the minimum of effort. 

A standard chassis approach was abandoned early 
because no standard size existed which was close to 
the dimensions needed to qualify the camera as a 
compact. Instead, I settled upon a basic frame ap¬ 
proach. This may require more individual pieces but 
it keeps bending requirements to a minimum. * 

Basically, the front and rear plates are made from 
1/8-inch (3mm) aluminum. Thinner material could 
be used but mechanical rigidity will suffer. The frame 
studs that hold the front and rear plates are 1/4- 
inch (6.4mm) square aluminum bar stock. This 
material is not generally available in hardware stores 
and I had to go to an industrial aluminum supplier 
and buy a 12-foot (3.7m) long piece. I've got a lot 
left over, but the cost was less than three dollars. 
The back plane bracket, video PCB shield, sync 
generator PCB shield, and the bottom plate are all 
made from 1 /16-inch (1.6mm) aluminum. Here, sub¬ 
stitution of thinner material down to about 0.040- 
inch (1mm) thick is fully satisfactory. Thicker mate¬ 
rial, however, will be difficult to bend and should be 
avoided. 

’A copy of the complete set of mechanical drawings is avaifable by sending 
a 9 Vi x 11 envelope with 35 cents postage to ham radio , Greenvifle. New 
Hampshire 03048 
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Mounted directly behind and fastened to the front 
plate is the front mounting block. This serves as a 
very convenient means of securing all four circuit 
boards and establishes a good iow-impedance elec¬ 
trical ground. It also spaces the yoke/focus coil 
back from the Vidicon to establish proper focusing. 

I made this block from 1/4-inch {6.4mm) aluminum, 
but thicker pieces up to 3/8-inch (9.5 mm) can be 
used if care is taken to chamfer the edges where 
they contact the circuit boards so no shorts occur. 
Since the yoke/focus coil mounts to this block, 
check the mounting dimension requirements of the 
yoke you obtain before drilling these holes. 

The outer cover that wraps around the entire 
camera is not detailed because of the variety of 


with threads to accept a standard C-mount lens 
which would also screw into the front plate. Not 
everyone can do this so I suggest an adapter avail¬ 
able from Denson Electronics (part 3833) to mount 
the lens on thefront plate. 

The printed-circuit board layouts may be obtained 
by sending a self-addressed, stamped-envelope to 
ham radio, Greenville, New Hampshire 03048 or, pur 
chased as etched and drilled blank boards from Auto¬ 
mation Engineering Company.* The parts placement 
drawings are shown in fig. 7, 8, and 9. Breadboard 
construction is not recommended because of the 
somewhat critical layout of components on some 
boards. In general, no special assembly of compo 
nents is required on any of the boards. However, I 



fig. 8. Component pattern diagram for the sweep generator. Plastic transistor spacers should be used under Q7 and Q11 to pre¬ 
vent the heatsinks from touching other components. 


materials that could be used. Solid-sheet aluminum 
may be used if ventilation holes are drilled along the 
sides and top. Many types of decorative perforated 
aluminum are available at hardware stores and are 
desirable for ease of bending. I used 0.050-inch 
(1.3mm) perforated steel because of availability. 
Don't use this unless you have access to a bending 
brake and can do it right the first time! 

Finally, the hole size in the front plate depends 
upon the method of mounting the lens but must 
be larger than 1-1/8-inch (2.9cm) in diameter in order 
to insert and remove the Vidicon without removing 
the plate. I have found that a universal lens mounting 
method to satisfy all situations is not obtainable. I 
have access to a lathe, so an adapter was machined 


might suggest three cautions that should not be 
overlooked. 

1. Check for proper polarity of capacitors and 
diodes. 

2. Check solder connections on the component 
side of the board. 

3. Be careful not to leave component leads too 
long on the solder side; they may touch the focus 
coil. 

Most components are commonly available and 

•Automation Engineering Company, 3621 Marine Drive, Toledo, Ohio 
43609. 
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fig. 9. The area enclosed with a dotted line on the video processor board should be shielded If broadcast interference is a prob¬ 
lem. LI is not mounted on the board but runs directly between the board and the Vidicon. All other components are mounted as 
shown in this diagram. 


were designed with surplus dealers in mind. Many 
substitutions of components are possible, but good 
judgement must be exercised. Hopefully, after read¬ 
ing the preceding technical descriptions of each 
board a knowledgeable substitution can be made 
knowing that it will work. If substitution of tran¬ 
sistors is required for the 2N3053, 2N4036, and 
2N3440, be sure to check package size, voltage 
rating, current gain, and power handling capacity. 

The high-voltage transformer in the power supply 
must be wound with the Magnetics, Inc. cores de¬ 
tailed in fig. 10. The cores and bobbin are not gen¬ 
erally available in small quantity, from Magnetics, 
Inc., but they can be obtained from Automation 
Engineering for $2.50, postpaid. Adding the required 
wire to these parts is quite simple. First, insert a 
7/16-inch (11mm) bolt through the bobbin and 
secure with a nut. Now hold the bolt instead of the 
bobbin while winding. The primary must be wound 
on first, with the wire occupying the bobbin section 
closest to the pins. Wind with 20 turns of no. 26 
AWG (0.4mm) enameled wire (approximately 3 feet 
or 1m) connecting the beginning of the winding to 
pin 1 and the finish to pin 3 (pin 2 is unused). Wind 
the first half of the secondary on the center section 
with 200 turns of no. 36 AWG wire (0.13mm). Con¬ 
nect the start to pin 4 and the finish to pin 5. Now, 
continue winding another 200 turns on the top sec¬ 
tion in the same direction as the first 200 turns, with 
the start at pin 5 and the finish at pin 6. After com¬ 


pletion of the winding, slip spaghetti insulation over 
the leads and place the cores in position before sol¬ 
dering the leads to the pins. Careful positioning of 
the leads will prevent them from touching the cores. 
Finally, seal the wire in place on the bobbin by melt¬ 
ing a small amount of beeswax or crayon on it. 

Almost any 1-inch (2.5cm) Vidicon is usable in 
this camera, including the 8507 separate-mesh Vidi¬ 
con. When this tube is used, however, tie G4 (pin 3) 
directly to power supply pin 10 through a 1-megohm 
resistor. G3 (pin 6) is then connected to the focus 
pot as shown. I recommend a yoke-focus coil as¬ 
sembly available from Denson Electronics (Part 2045) 
for this camera, but it must be altered and mounted 
as follows: 

1. The wire on the focus coil must be unwound 
and rewound with 1 pound (0.45kg) of no. 28 AWG 
(0.3mm) or no. 29 AWG (0.27mm) wire (approxi¬ 
mately 7000 turns). 

2. A good target connection is not supplied with 
this assembly. However, if the front mount is re¬ 
moved by gently tapping it from inside and replaced 
with a Denson plastic front Vidicon mount and tar¬ 
get connection (furnished with the coil as a loose 
item), this will make the assembly usable with a mini¬ 
mum of effort. The two plastic ears on the plastic 
front Vidicon mount, which extend behind the solid 
piece, must be sawed off flush so the yoke can be 
fully inserted. 
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3. A method of clamping the yoke and Vidicon to 
the focus coil case must be made by the builder. 

4. The electrical alignment coils provided on this 
yoke must be powered to operate properly (many 
yokes have permanent magnet alignment magnets 
not needing electrical connections). No provision for 
alignment coil power is provided on the circuit 
boards, but the circuit shown in fig. 11 can be used 
to power the coils. 

Two other yokes that I've tested and found to be 
satisfactory are the Denson 2047 and 2013. They re¬ 
quire approximately 300 mA p-p to operate the 
horizontal coils and 15 mA to operate the vertical 
coils. See fig. 12. If either yoke is used, you must 
furnish a satisfactory focus coil. The following tips 
will help if you feel confident enough to build a 
focus coil. 

1. Wind the coil with 1 pound (0.45kg) of no. 28 
(0.3mm) wire (approximately 7000 turns). 

2. Use a plastic front Vidicon mount and target 
connection, available from Denson by description. 

3. Use a permanent magnet alignment assembly, 
Denson 7138. 

The power transformer is a special unit I wound 
for this application. Although standard transformers 
are available which could work, I found none with 
all of the required voltages. It is possible to hand 
wind a transformer using a Stancor P6466 as a core 
but this is somewhat laborious. 

The 0.02 fxF capacitors from Vidicon pins 2, 3, 5, 
and 6 to ground are 600 volt ceramic capacitors. 
They're installed on the Vidicon socket pins with as 


short leads as possible. The ground side of the ca¬ 
pacitors should be connected together and then 
connected to the video processor socket pins C, 
D, E, and F at the ground lug with a short piece of 
shielding braid. This is for flexibility along with pro¬ 
viding a low impedance to ground. 

initial testing and setup 

The testing of each circuit board should be done 
in a systematic manner to avoid the possibility of 
damaging good components on one circuit board 
due to a problem on another; the following steps 
will save a lot of time and headaches later. 

First, after all frame wiring is completed (do not 
install the Vidicon or any circuit boards) plug the 
camera in and verify that, with respect to pin 2, 
approximately 20 Vac exists at the power supply 
socket pins A and C. Next, measure the voltage 
between pins E and F. It should be about 8 Vac. 
Last, check for about 7 Vac between Vidicon socket 
pins 1 and 8. 

Now plug in the power supply circuit board and, 
with a clip lead, short pin 6 to ground. Turn the pow¬ 
er on and check for ± 15 Vdc, +5 Vdc, ±25 Vdc 
and -50 Vdc at the power supply socket and all 
other socket connections to which these voltages 
go. If an oscilloscope is available, make sure the 
ripple at pins 1 and 4 (±15 volts) and pin 5 ( + 5 
volts) is below 10 millivolts. 

After all the tests are complete, remove the clip 
lead jumper, and plug in the sync generator. Again 
apply power and check for proper high voltages 
(approximately 500-600 volts at pin 10). I assume at 
this point that the sync generator has been pre¬ 
viously checked and is operational. In normal opera- 
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fig. 10. Construction details for the high-voltage transformer. The primary winding will require approximately 3 feet (1m) of no. 
26 AWG (0.4mm) wire, while the secondary will require 50 feet (17m) of no. 36 AWG (0.13mm) wire. The core and bobbin are 
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fig. 11. The upper diagrams show the lead identification 
colors for the Denson type 2045 yoke/focus coil assembly. 
After the focus coil has been rewound, the dc resistance 
should be approximately 250 ohms. R3, on the sweep gener 
ator board, can be reduced to about 1000 ohms when using 
this assembly to improve the shading. The circuits at the 
bottom should be used to power the electrical alignment 
coils. The components can be mounted on the circuit board 
connector socket in the frame of the camera. It is possible 
that in some extreme cases one of the 470 ohm resistors 
may have to be reduced to obtain the proper range. 


tion, Q1 gets warm but never too hot to touch. If it 
does, either a secondary short exists or the trans¬ 
former was improperly wound; too few turns on the 
primary will produce this problem. In a couple of 
cases I have found that the high voltage at pin 10 
was low (about 400 volts) and Q1 ran very hot. I 
unwound the primary and, finding the proper num¬ 
ber of turns, wound it back on with the same wire. 
When I checked, the voltage was up to 600 volts and 
Q1 was running cool. No explanations found — any 
suggestions? In any case, this could be a source of 
trouble. Also make sure the surfaces between the 
core halves are clean. My ears are sensitive to the 15 
kHz whistle, so I found this early. 

Next, plug in the sweep generator and connect 
all yoke/focus coil leads. Turn the power on and 
check for proper sawtooth waveforms at terminals 
A and C with an oscilloscope. Adjust R20 for ap¬ 
proximately 1.4 volts p-p at terminal A (16 mA) and 
R43 for approximately 1.6 volts p-p at terminal C 
(162 mA) with the Denson 2045 assembly. Make sure 
the centering pots R10 and R32 are set to position 
the sawtooth waveform equally above and below 


zero. If either pot is adjusted to an extreme for an 
extended period of time, the output transistors will 
get very hot and may fail, so check this first! In nor¬ 
mal operation Q8 will get very warm. A good check 
here is to place your finger directly on Q8. Count 
slowly to two. If you still have your finger on Q8, it is 
not too hot! This may be a crude test, but I like tests 
involving instruments that are handy (pun intended). 

Now check the constant-current source supplying 
current to the focus coil. Set focus pot R60 to supply 
approximately 40 mA. This will produce a voltage 
drop of 0.4 volts across R59. Make sure that the 
focus coil's magnetic field polarity is correct by plac¬ 
ing a compass at the outside of and at the image end 
of the focus coil. The north seeking pole must be at¬ 
tracted to the coil. 

Finally, plug in the video processor and short the 
target lead to ground at C6 with a very short jumper. 
With a television monitor connected to the video 
output, vary R34. The monitor should have a blank 
raster that becomes lighter as the pot is rotated 
counter-clockwise. Remove the short at C6. By 
placing your hand near C6, herringbone patterns 
should occur, indicating that the processor is passing 
broadcast radio signals and is operating properly. If 
a vertical line is noticed near the center of the pic¬ 
ture, it may be due either to improper grounding of 
the power supply or excessive pulse risetimes or the 
15 kHz drive clock. If the latter is the case, a 0.01 n F 
capacitor directly across pins 7 and 8 of U19 on the 
sync generator will correct the problem. After all 
items have been checked, the camera is ready for the 
Vidicon and final testing. 

final checks and calibration 

Install the Vidicon in the camera. The short index 
pin should be oriented to position it at 9 o'clock 
when facing the camera. The Vidicon should be in¬ 
serted into the yoke to a point where the tube face is 
approximately 1/2-inch (12.5mm) behind the lens. 
This dimension, however, is rough and final posi¬ 
tioning will be necessary after the camera is opera¬ 
tional. Apply power to the camera and perform the 
following steps: 

1. Adjust the focus pot for -f450 volts at the 
wiper. 

2. When an image appears, adjust R60 on the 
sweep generator for proper magnetic focus. All elec¬ 
trical focusing should henceforth be done with the 
rear panel focus pot. 

3. Rotate the yoke, if required, for proper picture 
orientation. 

4. Adjust the centering pots. If either pot is rotated 
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to its extreme, the round edge of the target will be 
seen. This can be used as a guide for proper center¬ 
ing along with proper positioning of the object being 
viewed (test pattern). 

5. Adjust the horizontal and vertical size pots for 
correct image size. Note that under scanning the 
tube will produce a larger than normal picture. This 
is undesirable because resolution suffers, and if nor¬ 
mal scanning is resumed a premanent burn line of 
the target will result. 

6. With a picture in view, rotate R15 on the video 
processor clockwise until the picture “breaks up." 
Back off slightly and leave it there. In general, this 
pot increases the frequency response of the ampli¬ 
fier and a corresponding increase in resolution will 
occur until overcompensation is reached and oscilla¬ 
tion takes place. 

7. Next, rotate R14 (aperture) for no white tails 
following black-to-white transitions (pot fully 
counter-clockwise! or no black tails following black- 
to-white transitions (pot fully clockwise). 

8. Finally, after all other items are satisfactory, the 
alignment magnets on the rear of the yoke should be 
adjusted to improve resolution and shading. These 
are not centering magnets and centering will possibly 
have to be touched up later. Rotate the focus pot on 
the rear panel. The image must not shift from the 
center position. Adjust these magnets until rotating 
the focus pot to each extreme produces a picture 
that rotates about an imaginary center axis as it goes 
through focus. No side-to-side or top-to-bottom 
shifts must take place. 

conclusion 

This television camera, although complex in some 
respects, is relatively easy to build and troubleshoot. 
A number of construction approaches were tried be¬ 
fore settling on this one. Because many amateurs do 
not own a machine shop, as much of the design as 
possible takes advantage of standard workshop 
tools. This is not 100 per cent applicable, but I'm 
sure that alternate approaches, for the same result, 
with available tools will be devised. For this reason, 
I've gone into further detail than normally would be 
expected. The construction of this camera is not 
really as complex as it seems on the surface. Give it 
a try! 

A number of extensions to this design are possible 
as discussed in the preceding text, and in most cases 
are limited only by your imagination. With a 
thorough understanding of this design, it is possible 
to produce a camera applicable to your situation. 
Because of the interlace quality, multi-camera con- 




fig. 12. Connections for two additional yoke assemblies 
that have been tested in the camera. It is easier to mount a 
permanent magnet assembly on the 2047; it also has slightly 
better resolution capabilities than the 2013. 

trol is possible (color anyone?). Portable operation, 
as mentioned earlier, is also possible because of the 
elimination of line-lock operation (how about mo¬ 
bile A TV?). 

Before rushing to the workshop, or your local elec¬ 
tronics store, re-read the article, understand the 
contents, and visualize your construction method. 
After all, you may already have most of the parts 
without realizing it. I will be happy to correspond 
with any individual about the existing design, con¬ 
struction difficulty, or improvements if a self- 
addressed, stamped envelope is enclosed with the 
correspondence. Good luck and happy construction! 
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microstrip transmission line 


A discussion of 
the operating parameters 
of microstrip 
transmission line 
and how to calculate 

its characteristic impedance 

* 

and propagation velocity 


Printed electronic circuits were originally devel¬ 
oped for military equipment manufactured during 
World War II; in the years following the war printed- 
circuit manufacturing techniques were developed 
which both improved reliability and reduced cost. 
While much of this development work was accom¬ 
plished under the watchful eye of the military ser¬ 
vices, the television set manufacturers also played an 
important part — they were exploring every avenue 
that offered the possibility of lowering the production 
costs of their sets. 

In 1949 Robert Barrett of the Air Force Cambridge 
Research Center proposed that printed-circuit 
techniques be adapted to uhf and microwave circuits 
by using flat coaxial configurations with an air or 
solid dielectric. 1 The only known use of this tech¬ 
nique at that time was in an antenna power divider. 

In the early 1950s several manufacturers began 
developing Barrett's original suggestion. Airborne In¬ 
strument Laboratories (AIL) developed a system 
using air dielectric which they called stripline ; 2 ITT 
introduced a single ground plane, solid-dielectric 
strip transmission line called microstrip ; 3 and 
Sanders Associates began investigating a dual 
ground plane, solid-dielectric arrangement that 
subsequently became known as Tri-Plate transmis¬ 
sion line. 4 Since all three forms of strip transmission 
line supported the TEM mode of propagation, they 
had similar electrical characteristics. The major dif¬ 
ferences were in size, shielding, insertion loss, and 
ease of construction. 

Many companies and research groups contributed 
to the advancement of strip transmission line tech¬ 
niques, and by 1955 a wide range of uhf and 
microwave components were in limited production. 
Multifunction assemblies were developed by several 
manufacturers which were made available commer- 
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cially; strip transmission line couplers were 
developed, 5 and multiple section lines were 
developed to increase the bandwidth of individual 
components such as directional couplers, hybrid 
rings, and filters. 6 

In addition to strip transmission line layout tech¬ 
niques, improvements were also made in dielectric 
materials. Early efforts produced only a few suitable 
dielectrics such as fiberglass, Rexolite, and Teflon. 
By the 1960s irradiated polyolefin. Teflon-fiberglass, 
beryllia, and a variety of other laminates provided a 
wide range of dielectric constants and operating 
temperatures. 7 Dielectric substrates such as quartz, 
alumina, sapphire, and magnesium titanate were 
developed later and have found wide use in 
microwave integrated circuits. 

The Tri-Plate strip transmission line developed by 
Sanders Associates has been used extensively in 
directional couplers and other uhf and microwave cir¬ 
cuits where shielding is required, while JTT's air- 
dielectric stripline has been used primarily in high- 
power circuits such as amateur vhf/uhf power 
amplifiers and vhf fm broadcast transmitters. 
Microstrip, on the other hand, is used widely from 
vhf through microwave — it has been employed in 
such diverse applications as frequency counters, 
broadband solid-state amateur vhf power amplifiers, 
uhf rat-race mixers, matching networks, antenna 
baluns, and phased antenna arrays for radar and 
satellite communications. 

microstrip characteristics 

A microstrip transmission line consists of a thin 
conducting strip placed on one side of a dielectric 
substrate which has a solid, conducting ground 
plane on the opposite side as shown in fig. 1. The 
substrate is usually a low-loss dielectric, but ferro¬ 
magnetic and semiconductor materials have been 
used in some specialized applications. 

The propagation characteristics of a strip transmis- 


h 



fig. 1. Microstrip transmission line consists of a thin con¬ 
ducting strip placed on one side of a dielectric substrate 
which has a ground plane on the opposite side. The charac¬ 
teristic impedance of microstrip is a function of the ratio of 
the strip width to dielectric thickness, w/h; t is the thickness 
of the conducting strip. 

sion line are very similar to those of a coaxial 
transmission line, from which it evolved. The electric 
and magnetic field configuration of microstrip in fig. 
2 is the final stage in a progressive modification of 
the conventional coaxial line. The solid lines are used 
to indicate the electric field; the dashed lines, the 
magnetic field. Both are entirely in the transverse 
plane (at right angles to each other and at 90° to the 
direction of propagation), so this is called the 
transverse electro magnetic or TEM mode. 

In the Tri-Plate line (fig. 2D) the electric field is 
bounded entirely by the flat outer conductors and 
there is essentially no electric field component to the 
sides of the center strip. If the ratio of the outer con¬ 
ductor width is more than about three times the strip 
width, w, sidewalls are not required. 

The two properties of microstrip of most 
importance to rf circuit designers are velocity of 
propagation (phase velocity) and characteristic im¬ 
pedance. Whereas the propagation of rf energy in 
coaxial lines and Tri-Plate line is purely in the TEM 
mode, in microstrip the field lines are not entirely 
contained in the substrate (fig. 2E). For this reason, 
the propagation mode in microstrip is called quasi¬ 



fig. 2. The propagation characteristics of microstrip (E) are very similar to coaxial line (A), from which it evolved. The solid lines 
indicate the electric field; dashed lines the magnetic field — both are in the transverse plane so this is the Transverse Electro- 
Magnetic or TEM mode. Since the microstrip field lines are not entirely within the substrate, propagation is not purely TEM but 
quasi-TEM (see text). 
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table 1. Characteristic impedance Z 0 and propagation properties of microstrip etched on fiberglass-epoxy circuit board (e r = 4 .£) 
double clad with 1 ounce copper. The ratio w/h is microstrip width to dielectric height. 

microstrip width microstrip width 




11/32" 

or 0,8 mm board) 

(1/16" 

or 1.6 mm board) 


Zo 

w/h 

mils 

mm 

mils 

mm 

v p 

10 

14.93 

422 

10.7 

887 

22.5 

0.481 

15 

9.35 

264 

6.7 

556 

14.1 

0.490 

20 

6.59 

186 

4.7 

392 

10.0 

0.498 

25 

4.96 

139 

3.5 

295 

7.5 

0.505 

30 

3.89 

109 

2.8 

230 

5.8 

0.510 

35 

3.13 

87 

2.2 

185 

4.7 

0.516 

40 

2.56 

71 

1.8 

152 

3.9 

0.520 

45 

2.13 

59 

1.5 

126 

3.2 

0.524 

50 

1.79 

49 

1.2 

105 

2.7 

0.528 

55 

1.52 

41 

1.04 

89 

2.3 

0,532 

60 

1.30 

35 

0.88 

75 

1.9 

0.535 

65 

1.11 

30 

0.76 

64 

1.6 

0.538 

70 

0.955 

25 

0.64 

54 

1.4 

0.541 

75 

0.823 

21 

0.53 

46 

1.2 

0.544 

80 

0.711 

18 

0.46 

40 

1.02 

0.546 

85 

0.614 

15 

0.38 

34 

0.86 

0.548 

90 

0.532 

13 

0.33 

29 

0.74 

0.550 

95 

0.460 

11 

0.28 

25 

0.61 

0,552 

100 

0.399 

9 

0.23 

21 

0.54 

0.553 

105 

0.346 

7.6 

0.20 

18 

0.46 

0.555 

110 

0.299 

6.4 

0.16 

15 

0.39 

0.556 

115 

0.260 

5.2 

0.13 

13 

0.33 

0.557 

120 

0.225 

4.3 

0.11 

11 

0.28 

0.559 

125 

0.195 

3.4 

0.09 

9 

0.23 

0.560 

130 

0.169 

2.8 

0.069 

7.6 

0.20 

0.561 

135 

0.147 

- 

- 

6.5 

0.17 

0.562 

140 

0.127 

- 

- 

5.4 

0.14 

0.563 

145 

0.111 

— 

- 

4.5 

0.11 

0.564 

150 

0.096 

- 

- 

3.7 

0.09 

0.565 

155 

0.0833 

- 

- 

3.1 

0.079 

0.566 

160 

0.0723 

- 

- 

2.5 

0.064 

0.567 
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fig. 3. Characteristic impedance, Z () , of microstrip vs the 
ratio w/h, as derived by Wheeler. Since the curves for wide 
strip don't intersect the curves for narrow strip, values 
which fall in the undefined region must be interpolated 
[w/h in the range between 1.0 and 2.0); many computer 
programs have been written to accomplish this task auto¬ 
matically, but Wheeler's microstrip equations are difficult 
for the amateur to use. The impedance curves plotted from 
the more recent microstrip design equations of Schneider, 
Sobol, Hammerstad, and others don't have any undefined 
areas. 


TEM. Assuming the quasi-TEM mode, the velocity of 
propagation in microstrip is given by 

vp = VW <11 

where v p is the velocity of propagation, c is the speed 
of light, and is the effective dielectric constant of 
the substrate. The effective dielectric constant is 
always lower than the relative dielectric constant of 
the substrate, e r , because some of the field lines are 
outside the substrate. 

The characteristic impedance of microstrip line, 
Z 0 , is given by the familiar transmission line 
equations 

z "' l/c ' z 121 

where v p is the propagation velocity {eq. IS, C is the 
capacitance per unit length of line, and L is the in¬ 
ductance per unit length of line. Unfortunately, the 
calculation is not as simple as it may first appear 
because capacitance and inductance are both func¬ 
tions of microstrip geometry; and capacitance and 
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table 2. Characteristic impedance Z n and propagation properties of microstrip etched on Teflonfibeiglass circuit board 
it r = 2 55) double clad with 1 ounce copper The ratio w/h is microstrip width to dielectric height (see text). 


microstrip width microstrip width 




11/32" 

or 0.8 mm board) 

(1/16" 

or 1,6 mm board) 


Zo 

w/h 

mils 

mm 

mils 

mm 

v p 

10 

20.96 

593 

15.1 

1246 

31,6 

0.646 

15 

13.27 

375 

9.5 

789 

20.0 

0,654 

20 

9.47 

267 

6.8 

563 

14.3 

0.661 

25 

7.21 

203 

5.2 

429 

10.9 

0.667 

30 

5.72 

161 

4.1 

340 

8.6 

0.672 

35 

4.66 

131 

3.3 

277 

7.0 

0.676 

40 

3.88 

109 

2.8 

231 

5.9 

0.681 

45 

3.28 

92 

2.3 

195 

5.0 

0.685 

50 

2.80 

78 

2.0 

166 

4.2 

0.688 

55 

2.42 

67 

1.7 

143 

3.6 

0.691 

60 

2.10 

58 

1.5 

124 

3.1 

0.694 

65 

1.84 

51 

1.3 

107 

2.7 

0.697 

70 

1.61 

44 

1.1 

95 

2,4 

0,700 

75 

1.42 

39 

1.0 

83 

2.1 

0.702 

80 

1.26 

34 

0.86 

73 

1.8 

0.705 

85 

1.12 

30 

0.79 

64 

1.6 

0.707 

90 

0.991 

26 

0.66 

57 

1.4 

0.709 

95 

0.882 

23 

0.60 

51 

1.3 

0.711 

100 

0.785 

20 

0.51 

45 

1.1 

0.713 

105 

0.700 

18 

0.45 

39 

1.00 

0.714 

110 

0.625 

16 

0.40 

35 

0.89 

0.716 

115 

0.558 

14 

0.35 

31 

0.78 

0.717 

120 

0.498 

12 

0.31 

27 

0.69 

0.718 

125 

0.445 

11 

0.27 

24 

0.61 

0.720 

130 

0.398 

9.2 

0.23 

21 

0.54 

0.721 

135 

0.356 

8.0 

0.20 

19 

0.48 

0.722 

140 

0.318 

7.0 

0.18 

17 

0.42 

0.723 

145 

0.285 

6.0 

0.15 

15 

0.37 

0.724 

150 

0.254 

5.1 

0.13 

13 

0.32 

0.725 

155 

0.228 

4.4 

0.11 

11 

0.28 

0.726 

160 

0.204 

3.7 

0.094 

10 

0.25 

0.727 

165 

0.182 

3.1 

0.078 

8.5 

0.21 

0.727 

170 

0.163 

2.6 

0.066 

7.3 

0.19 

0.728 

175 

0.146 

- 

- 

6.5 

0.17 

0.729 

180 

0.131 

- 


5.6 

0.14 

0.730 

185 

0.117 

- 

— 

4.8 

0.12 

0.730 

190 

0.105 

- 

- 

4.2 

0.11 

0.731 

195 

0.094 

- 

. 

3.6 

0.09 

0.732 

200 

0.937 

- 

- 

3,1 

0.08 

0.732 


propagation velocity are functions of the effective Although Wheeler published both analysis and 

dielectric constant. synthesis equations/ the synthesis equations were 

Early efforts to derive formulas for the apparently largely overlooked because most of the 

characteristic impedance of microstrip were based published articles which referred to Wheeler's work 

on the quasi-TEM model, but there were serious dif- presented only the analysis equations. This meant 

ficulties. As pointed out in 1964 by Harold Wheeler, that designers had to use lengthy, interactive trial- 

one of the first to derive practical microstrip design and-error solutions to determine the correct 

equations, "Because this was a problem in two- microstrip geometry for a required value of char¬ 
dimensional electric and magnetic fields, it was acteristic impedance. 


natural to apply the principles of . . . conformal map¬ 
ping. The resulting formulas were usually so compli¬ 
cated that any practical utility resulted from simpli¬ 
fied approximations for limited ranges of variables." 8 
Later, Wheeler developed a set of approximate equa¬ 
tions for microstrip and published design charts 
which were widely used by microwave designers. 9 


One of the disadvantages of Wheeler's equations 
is that two different equations are required — one for 

"Analysis equations give Z n in terms of the ratio of strip width to substrate 
height, iv/h; synthesis equations give w/h directly as a function of Z (J . Use 
of the analysis equation to find w/h requires ten or more iterations, a pro¬ 
cess that might require a half hour or more with a slide rule; it takes about a 
minute with the programmable HP-25 calculator — the synthesis equation 
provides an answer in less than 10 seconds. 
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M/CROSTRfP WIDTH TO SUBSTRATE HEIGHT, w/h 

fig. 4. Riot of simplified microstrip equation derived by Fisk 
(eqs. 3 and 5), as compared to the more accurate expression 
of Hammerstad. For u>/h>0.2 and c r >4.0, the Fisk formula 
is accurate to within a few per cent. 


wide strip ( w/h>l ), and another for narrow strip 
(w/h<2). Furthermore, the boundary between the 
two cases is not clearly defined, as shown in fig. 3, 
because the two curves don't intersect. Therefore, if 
the required w/h ratio falls in this undefined region, 
it's necessary to interpolate the correct value. 

A few years after Wheeler's formulas were 
published, Schneider developed more explicit equa¬ 
tions for the free-space characteristic impedance of 
microstrip and effective dielectric constant. 10 Like 
the Wheeler equations, two formulas are required; 
one for narrow microstrip and another for wide. 
Unlike Wheeler's work, however, curves plotted 
from the Schneider equations intersect, so there is 
no "indefinite region," Unfortunately, Schneider 
published only analysis equations, so synthesis of 
w/h for a desired Z 0 required the lengthy iteration 
process. 

In 1967 Dr. Harold Sobol fitted curves to Wheeler's 
analysis and published an expression for microstrip 
impedance which covered both narrow and wide 
lines. 11 This equation has been widely publicized in 
the literature, notably in application notes published 
by Motorola Semiconductor, and is the basis for 
many microstrip design charts. The Sobol formula is 
for analysis (Z 0 from w/h), but many microwave 
designers have access to high-speed computers, and 
when synthesis is required, a computer can go 

"Other forms of microstrip design equations have been proposed by H. L. 
Clemm (Frequenz (Germany), July, 1968) and A. H. Kwon (Microwave 
Journal, January, 1976). Clemm's analysis equation is less accurate than 
Sobol's for high t T , and Kwon's equations, while purported to be new, are 
actually identical to those published by Wheeler in 1965. 


through the necessary iterations very quickly; the 
single closed-form expression for both wide and nar¬ 
row microstrip simplifies programming.* 

Although a computer can go through the iterations 
quickly, programmable hand-held calculators can¬ 
not. N6TX has written an HP-25 program which pro¬ 
vides acceptable accuracy for most amateur work, 
but his program begins at w/h = 1 and iterates out to 
the required value. Therefore, for high and low 
values of Z () the required calculation may require a 
minute or more of successive iterations. To reduce 
the calculation time, I set about to develop a simple 
equation for the approximate value of w/h which 
could then be refined with Sobol's formula. My first 
try greatly reduced the calculation time for values of 
Z 0 less than about 75 ohms (e T s =5) t but offered no 
improvement for higher impedance microstrip. 12 Fur¬ 
ther refinement of the approximate formula resulted 
in the following simple expression, which gives quite 
good accuracy for microstrip substrates used in most 
amateur work <€ r > 7. 0 ) 


w/h ^ 


120n 

Z 0 \Je r + s Je~ r 


(3) 


For fiberglass-epoxy material ( e r =4.8 ) this may be 
simplified to 


w/h 


1416 


(4) 


As can be seen in fig. 4, for w/h>0.2 this 
simplified expression for microstrip impedance is 
within a few per cent of the impedance calculated 
with more accurate equations. This covers the 
microstrip impedance range most commonly used in 
radio communications work. With fiberglass-epoxy 
board (e T =4.8), eq, 3 is within about 1 ohm of the 
exact expression for all values of Z 0 below 60 ohms. 
Accuracy falls off for e r <3.0, but is still acceptable 
for many applications. 

When it's necessary to calculate Z 0 from a given 
value of w/h, eq. 3 can be rearranged to 


12 On 

(w/h + l)s/Z^~/^ 


(5) 


1416 


(for e r =4.8) 


( 6 ) 


0 w/h-hi 

The accuracy of this simplified equation is the same 
as that of eq. 3 (i.e., within a few per cent for 

w/hy0.2 and e r >7.0). 


accurate impedance calculations 

In 1975 E. 0. Hammerstad reported to the Euro¬ 
pean Microwave Conference that he had developed 
analysis and synthesis equations for microstrip which 
are more accurate than earlier work, and fall within 1 
per cent of Wheeler's numerical results. 13 His for¬ 
mulas, which are based on the work of Wheeler and 
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Schneider, are considered to be the best available at 
the present time, and are shown here. First, the 
analysis equations; 

For w/h < 1 

Z 0 = -L- In (8 h/w+w/4h) (7) 

vV/ 

Where: 


For w/h>2 


w = 2_ 

h 7T 


B - 1 - In (2B - 1) 


( 12 ) 



ln(B- 1) + 0.39 - 9ZZL 


Where: 


V/ 


e+1 


e-1 


y/1 +T2h/w 


) +0.04(1- w/h) 2 


( 8 ) 




e r~ { 

e r + 1 


(0.23 + 



B = 


_ 377 tt_ 
2 


For w/h/> 1 
Z - 


120n / \Jz e ff 


w/h + 1.393 + 2/3 In (w/h + 1.444) 


Where: 




frll + ^ - 1 


2 \y/~l + 12h/w 


(9) 


( 10 ) 


Hammerstad's microstrip synthesis equations for 
w/h in terms of Z 0 and e r are given below: 


For w/h<2 

( 11 ) 


Hammerstad notes that for e r <16 f the maximum 
relative error is less than 0.5 per cent for w/h >0. J; 
for w/h<20 the stated error is less than 0.8 per cent. 

Although these formulas may look formidable, 
they can be solved easily with a hand-held scientific 
calculator. These equations can also be quickly 
solved with programmable calculators — solutions 
with my HP-25 require less than 10 seconds (plus 
programming time, of course).* If you don't have a 
calculator, the graph of fig. 5 shows how the ratio of 

’Copies of the HP-25 programs will be sent to interested readers upon 
receipt of a self addressed, stamped envelope. Send requests to ham rac/io, 
Greenville, Mew Hampshire 03048. 
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fig. 5. Characteristic impedance of microstrip as a function of w/h. plotted from the design equations derived by Hammerstad 
for glass-epoxy (t r = 4.8), Teflon-epoxy (t r = 2.55). and alumina (t r = 10 Q). 
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fig. 6. Effect of finite conductor thickness on microstrip im¬ 
pedance for 1/16" (1.6mm) and 1/32" (0.8mm) fiberglass- 
epoxy circuit board. Jn most applications the correction 
factor (eqs. 13 and 14) can be ignored for low impedance 
microstrip; at impedances above about 70 ohms the cor¬ 
rection factor should be included in the impedance cal¬ 
culation. 


strip width to dielectric thickness, w/h, affects the 
characteristic impedance of the line for fiberglass- 
epoxy circuit board (e r = 4.8) and Teflon-fiberglass 
board (t r = 2.55). These are the materials most often 
available for amateur work. For more precise results, 
table 1 lists the required microstrip geometry for Z 0 
in 5-ohm steps. 

effects of strip thickness 

The microstrip impedance equations assume a 
two-dimensional microstrip with zero thickness. For 
very thin strips {t/h< 0.005) the experimental and 
theoretical results have been shown to be in excellent 
agreement. 14 For thicker strips, the effect of finite 
strip thickness can be compensated by slightly 
reducing the strip width as suggested by Wheeler. 9 
In other words, thee/ifecf/Ve microstrip width, w e jj, is 
somewhat wider than the strip's physical width. The 
Flammerstad impedance formulas can be modified to 
consider the thickness of the strip by replacing strip 
width, w, with effective strip width calculated from 
the following relationships 

For w>JL = 0.16 
h 2 tt 

+ 4 (, + in™ ) (131 

h h^h t ' 


For " < 1 = 0.16 
h 2 ti 

^£L = ™+± (1+ln 4 *^) (14) 

h h nh t 

For microstrips with w/h>0.16 etched on 1/16 
inch (1.6mm) fiberglass-epoxy circuit board, double- 
clad with 1 -ounce copper (t = 35.6 microns or 0.0014 
inch), the correction factor Aw is 0.041 (i.e., 
w e jf=w+ 0.041); for 1/32 inch (0.8mm! circuit board 
the correction factor Aw is 0.074. For very thin 
microstrip ( w/h>0.16 ), the width correction is 
somewhat greater; it also varies with strip width so 
must be calculated separately for each different 
width. 

Except for very precise work where photo¬ 
etching techniques are used and etching is careful¬ 
ly controlled, the width correction factor may be 
ignored for low-impedance microstrip etched on 
common copper-clad board. For impedances above 
about 70 ohms, however, the effect of strip thickness 
should be considered (see fig. 6); at impedances 
greater than 100 ohms the 1.4 mil (35 micron) con¬ 
ductor thickness reduces the characteristic im¬ 
pedance by as much as 10 ohms. (Note that the strip 
widths given in tables 1 and 2 have been compen¬ 
sated for strip thickness.) 

microstrip materials 

Of the many materials used in commercial 
microstrip circuits, fiberglass-epoxy (G-10) circuit 
board is the one available to most amateurs. Profes¬ 
sional designers shy away from G-10 board at fre¬ 
quencies above 200 or 300 MHz, but amateurs have 
used it quite successfully in low-power circuits up to 
1300 MHz. The losses of G-10 increase substantially 
above 1300 MHz, however, so more expensive 
Teflon-fiberglass board should be used for microstrip 
circuits designed for 2300-MHz and the higher 
amateur bands. 

In addition to its loss, microscopic air pockets in 
the fiberglass-epoxy cause small changes in dielectric 
constant which can be troublesome in precision cir¬ 
cuits. Some users have reported that the characteris¬ 
tics of G-10 tend to vary widely from one manufac¬ 
turer to another, but this problem is not confined to 
G-10 — similar problems have been reported for 
Teflon-fiberglass and alumina. 15 One commercial 
user I have talked to buys his substrate materials 
from one supplier, and then purchases material only 
in batch lots to ensure consistency. 

Fiberglass-epoxy circuit board, copper-clad on 
both sides with 1 or 2 ounce copper, can be obtained 
from many supply houses in thicknesses of 1 /32 inch 
(0.8mm) and 1/16 inch (1.6mm). This material is also 
manufactured in 1/8 inch (3.2mm) and 1/64 inch 
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(0.4mm) thicknesses, but it's usually available only 
on special order. Note that the specified thickness is 
the overall dimension and includes the copper foil. 
One-ounce copper* is 1.4 mils (0.0014 inch or 36 
microns) thick; therefore, the dielectric thickness of a 
double-clad 1/16 inch (62.5 mils or 1.6mm) board is 
59.7 mils (1.5mm) [62.5-2(L4)\. This is the h di¬ 
mension shown in fig. 1. To find the required micro¬ 
strip width, simply multiply w/h times the dielectric 
height h. 

For example, assume you need a 75-ohm micro¬ 
strip. From table 1, for 1/16 inch (1.6mm) fiberglass- 
epoxy board, w/h-0.823 for Z 0 =75 ohms. There¬ 
fore, the required microstrip width (not including the 
correction factor for finite strip thickness) is 

w = 0.823 • 59.7 = 49.1 mils 

(about 0.049 inch or 1.3mm) 

The dielectric thickness of 1/32 inch (31.25 mils or 
0.8mm) board, double clad with 1 ounce copper, is 
28.45 mils (0.7mm). Therefore, the microstrip width 
will be a little less than half that of the same im¬ 
pedance line on 1/16 inch (1.6mm) board — 23.4 
mils or 6mm for a 75-ohm microstrip. 

^Called 1-ounce copper because one square foot of foil weighs 1 ounce. 


Most samples of fiberglass-epoxy circuit board 
which I've measured with a micrometer have been 
very close to the specified thickness; I've seldom 
found circuit-board material so far off that it would 
seriously affect microstrip width. If you want to make 
this measurement yourself, carefully strip back the 
copper foil from a corner of a sample and measure 
the thickness of the dielectric — this is the critical 
dimension. 

You may also want to check the relative dielectric 

constant of the board you're going to use. This can 

be easily done by measuring the capacitance of a 

carefully cut section of circuit board. The relative 

dielectric constant is calculated by rewriting the well 

known formula for parallel plate capacitors with e r as 

the unknown ^ . 

e = C - h _ 

r 0.8842 A 

where C is the capacitance in pF, h is the dielectric 
thickness in mm, and A is the area in square centi¬ 
meters. For dimensions in inches the formula is 

_ _ Ch 
r 224.4 A 

where C is the capacitance in pF, h is dielectric 
thickness in mils, and A is the area in square inches. 
For example, the capacitance of a 1 inch square 
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MICROSTRIP WIDTH TO SUSSTRATE HEIGHT , (w/h) 

fig. 7. Propagation velocity, (solid lines), and effective dielectric constant, (dashed lines), as a function of the ratio of mi¬ 
crostrip width to substrate thickness, w/h, for fiberglass-epoxy (t r = 4.8). Teflon-epoxy (t r = 2.55). and alumina (f T = 10.0). 
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(6.5cm 2 ) of 1/16 inch (1.6mm) board, double clad 
with 1 ounce copper, should be about 18 pF for 
e r — 4. 8. Note, however, that the relative dielectric 
constant of most materials decreases with increasing 
frequency. This means your low-frequency 
capacitance measurement may indicate a dielectric 
constant between 5.0 and 5.5. If the capacitance of 
the 1-inch square (6.5cm 2 ) sample is between 19 and 
21 pF, e r will be approximately 4.8 at the vhf and uhf 
frequencies. 

One of the advantages of Teflon-fiberglass circuit 
board, other than its lower loss, is that physical 
microstrip width and electrical length are larger than 
substrates with higher dielectric constants, this is 
very useful at microwave frequencies where high im¬ 
pedance (narrow microstrip) and fractional 
wavelength lines are required. On the other hand, 
substrates with higher dielectric constants such as 
alumina {e r = 10) are used extensively in microwave 
ICs where miniaturization is important.* 


microstrip phase velocity 

In addition to the characteristic impedance of 
microstrip, phase velocity is the one other property 
of major importance in vhf and uhf designs where 
precise electrical lengths are needed for impedance 
matching or other circuit requirements. As was 
shown in eq. 1, the phase velocity, vp, is given by 


v p = 


c 

V'eTtf 


where c is the speed of light and e e jj is the effective 
dielectric constant. This may be rewritten to give 
microstrip wavelength, \ gf as a function of free- 
space wavelength, \ 0 


Xg vpx ° vd 


(15) 


eff 


where the free-space wavelength, \ 0 , can be found 
from 




29980 

flWHz 


(cm) 


(16) 


A 0 = (inches) (17) 

JMHz 

The velocity factor, vp, which is a function of w/h, is 
given in tables 1 and 2. 

Example. Assume you need a 75-ohm quarter- 


*A new mtcrostrip substrate has been announced by the 3M Company. 
Called Epsifam-10, it's based on a ceramic-filled Teflon material and has 
the electrical properties of alumina, but can be cut with a razor blade or 
shear and may be etched like any other printed circuit. 


wavelength matching transformer at 432.1 MHz; 
your circuit is to be built on fiberglass-epoxy circuit 
board ie r =4.8). From table 1, w/h for 75 ohms is 
0.823; i/p = 0.544. A free-space quarter-wavelength 
at 432.1 MHz is 

la = _J9980_ = j 7 35 cm ( 6 g3 i nc hes) 

4 4 • 432.1 1 ’ 


Therefore 


}l = 0.544 • 17.35 = 9.44 cm 
4 


If you use the Hammerstad equations to calculate 
the required microstrip geometry for a given value of 
characteristic impedance, e e ff can be calculated 
accurately with either eq. 8 (narrow microstrip) or 
eq. 10 (wide microstrip). These same expressions 
can also be employed if you use the simplified for¬ 
mulas (eqs. 3 and 5), but there's a simpler way if 
you're not doing precision microstrip work. 

The following formula, which was derived from 
the work of Wheeler and Schneider, is somewhat 
easier to use than the Hammerstad expressions, 
covers the entire range of microstrip widths, and 
gives good accuracy for practical work. 


e eff ~ 1 + ( € “ ^ 




(18) 


Consider the previous example where a 75-ohm 
quarter-wavelength matching transformer was re¬ 
quired at 432.1 MHz. Using the simplified formula 
(eq. 3) to calculate w/h 


w/h = ~ 1=0.90 

From eq. 18 


e eff = 1 + (3.8) 




= 3.446 


e eff =s[JM6 = 1.856 


1.856 


= 0.54 


l*-=0.54 ■ 17.35 = 9.37 cm 

The small length difference of 0.7mm (0.028 inch) 
will make no practical difference in circuit operation; 
and don't be concerned with what appears to be a 
large discrepancy between w/h calculated with the 
simple formula, and the accurate value of w/h from 
table 1. The actual difference in strip width on 1/16 
inch (1.6mm) circuit board is only about 0.004 inch 
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(115 microns). Unless you are using photo-reduction 
techniques and carefully control both etchant 
temperature and etching time, you can't maintain 
this accuracy in your home workshop. 

practical considerations 

Theoretically, you can design a microstrip line for 
any desired characteristic impedance, but at very 
high values of Z 0 the conducting strip becomes so 
narrow that it's impossible to compensate for the ef¬ 
fect of finite strip thickness. With a strip width of 1.4 
mils (36 microns) on 1 ounce copper, for example, 
the microstrip is actually square; the impedance of a 
zero-thickness conductor of this width is about 200 
ohms — the impedance of the rectangular conductor 
is 173 ohms or less; it can't be calculated directly (the 
width correction factor, eq. 14, is not accurate for 
strip widths less than 2.8 mils or 71 microns etched 
on 1 ounce copper). 

Conversely, at very low values of Z 0 the microstrip 
becomes so wide the rf current isn't distributed even¬ 
ly across the conductor, so it's impossible to accu¬ 
rately predict performance. In addition, it's difficult 
to prevent coupling to nearby circuitry. For micro¬ 
strip impedances up to about 50 ohms, other nearby 
circuit traces should be spaced a minimum of one 
microstrip width away (i.e., in the illustration below 
dimension B should be a minimum of three times the 
strip width). Depending on the application and the 
required circuit density, this places a lower limit on Z 0 
at about 10 ohms. Note that dimension B should be 
about 10 times the microstrip width for impedances 
above 50 ohms. 



Also to be considered are the effects of placing the 
microstrip circuit in a metal enclosure. Experimental 
work has shown that a conducting enclosure tends 
to lower both the impedance and effective dielectric 
constant because the field lines are prematurely 
terminated, thereby increasing the density of the 
field lines in air. When the distance between the up¬ 
per and lower walls is greater than five times the sub¬ 
strate thickness, and when side-wall spacing is five 
times the strip width or more, effects on microstrip 
characteristics are negligible. 

It's not important for most amateur applications, 
but it should be mentioned that the formulas and 
tables for Z 0 and t r presented in this article are valid 
only to about 4000 MHz. Above 4000 MHz both Z Q 


and e r begin to change with frequency due to the 
propagation of hybrid modes. This has been dis¬ 
cussed in the engineering literature by a number of 
researchers; interested readers are referred to 
references 16 and 17. 

conclusion 

Microstrip transmission line is being used in many 
applications at vhf and uhf. Although microstrip is a 
relatively low Q transmission line and has greater 
losses than air-spaced coaxial or troughline struc¬ 
tures, it provides excellent performance in many low- 
power circuits — indeed, there are some circuits 
which would be impractical to duplicate in the home 
workshop without the use of microstrip. 

The design of microstrip circuits is the same as 
that for more conventional transmission-line circuits; 
if there is sufficient reader interest this will be the 
subject of a future article. 
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microwave path evaluation 


How to plot 
line-of-sight microwave paths 

under varying 
propagation conditions 
to determine 
if the path is clear 


Interest in amateur microwave radio seems to be 
at an all time high. Amateurs in the United Kingdom 
recently set a new 10-GHz DX record of 324 miles 
(521km) and with the recent introduction of inex¬ 
pensive Gunn diode transceivers, equipment 
availability has never been better. 1 

The communications capabilities of microwave 
equipment now within easy reach of the average 
amateur are initially rather astounding to the com¬ 
mercial microwave user. The difference is, of course, 
the luxury of working with 0 dB fade margins (on DX 


paths) and substantially narrower bandwidths. Those 
two factors allow far greater working range with a 
given power output. 

One area of concern to both amateur and profes¬ 
sional is proper path clearance. Since obstacles 
along the path introduce loss, a signal should clear 
path obstacles, either optically or effectively through 
beam bending. 

This article reviews the essential information an 
amateur will need to evaluate a potential microwave 
path before trying it. The information will be useful to 
both microwave DX enthusiasts and to those who 
wish to install permanent microwave links for 
repeater control or other purposes. 

distance and azimuth 

For the short distances involved in nearly all 
microwave paths, great-circle formulas are normally 
not used to calculate distance and azimuth. This is 
because these formulas assume a perfect spherical 
model of the earth when, in fact, the earth's surface 
is oblate. In addition, it is difficult on very short paths 
with small differences in latitude and longitude to 
achieve the necessary degree of trigonometric func¬ 
tion accuracy. The usual method used for short 
microwave paths up to about 300 miles (482km) is to 
first determine the number of miles per degree of 
latitude and longitude in the vicinity of the path, and 
then use a plane right triangle to determine the 
distance and azimuth. 

By incorporating a table of these distances into 
linear regression formulas, it is possible to devise 
equations which allow you to dispense with the 
tables, within certain limits. The regression-derived 

By Dennis L. Haarsager, N7DH, 483 South 
Walnut, Boise, Idaho 83706 
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formula for the length of the horizontal portion of the 
triangle is* 

H = (0. 004009m 4 - 69.108348)(cos m)(h) ( 1 ) 

and for the vertical part of the triangle 

V= (0.011993m + 68.313612)(v) (2) 

The distance along the path is given by 

D=y/H 2 + V 2 (3) 

where m = the arithmetic average of the two 
latitudes 

v— the difference between the two latitudes 
h = the difference between the two 
longitudes 

It is easiest to perform the arithmetic if minutes 
and seconds are converted to decimal degrees before 
performing the mathematical operations. These 
regression equations are normalized for latitudes be¬ 
tween 25°N and 60°N. 

To find the azimuth, use equation 4 

A = arctan V/H (4) 

Note that A will be positive in the second and 
fourth quadrants, and negative in the first and third 
quadrants. Add this angle algebraically to 90° if the 
destination is east of the starting point, and 270° if 
the destination is west of the starting point. The 
result will be the azimuth of the destination in 
degrees east of north from the starting point. A bit of * 
ingenuity on your part will enable you to incorporate 
angle A (not the azimuth) into a procedure for finding 
intersecting points on map edges where you need to 
use two or more maps to draft your path profile. 

map usage 

An essential step in path evaluation is drafting a 
vertical profile of the path. Use standard graph paper 
that has at least 10 squares to the inch or, better yet, 
millimeter divisions. Choose vertical and horizontal 
scales which will enable you to conveniently plot the 
range of your path elevations and distance. The 
smaller the scale you choose, the better the resolu¬ 
tion will be. 

For rough initial path evaluation, especially in hilly 
or mountainous areas, the 1:250,000 scale 
topographic maps published by the United States 
Geological Survey (USGS) are adequate. Final 
evaluation of potential obstruction points requires 
use of the USGS's 7.5- or 15-minute series 
quadrangle maps. The latter are available for most 
areas in the United States. Maps and map indexes 
are available at nominal prices from private map 

*To convert the results of eqs. 1, 2, and 3 to kilometers, multiply 
by 1.609344. 


dealers, from USGS sales counters in major cities, or 
by mail order from certain USGS offices.* 

Another source of topographical maps, although 
they are less useful for plotting microwave paths, is 
your local airport's private aviation flight shop; they 
sell Sectional and World Aeronautical Charts 
(1:500,000 and 1:1,000,000 scales, respectively) 
published by the National Oceanic and Atmospheric 
Administration. The scale of these maps is too large 
for accurate microwave path profiles, but significant 
changes in elevation are shaded on these maps, mak¬ 
ing them useful for identification of possible DX 
paths. 

In making a path profile, assume the earth is flat 
and choose some arbitrary elevation — normally the 
lowest one along your path — as the base elevation 
for your profile. Enter it on the bottom of your graph 
paper and add elevation indicators from there ac¬ 
cording to your vertical scale as illustrated in fig. 1. 

The next step is to draw a line between the two 
points which define your path on the map or maps 
you are using. In most cases you will need to use 



DISTANCE (MILES) 


fig, 1. Simple microwave path evaluation between two sites 
50 miles (80km) apart. The dashed lines show the effects of 
different values of K, a factor which indicates the earth's 
effective radius and results from varying degrees of re¬ 
fraction (see text). 

more than one map to cover your path. You may 
either tape adjoining map sections together or deter¬ 
mine where your line intersects map edges by ap¬ 
plication of the angle A and eqs. 1 through 4. It will 
be very important to the mathematical procedure to 
determine the latitude and longitude of the two end 
points as close as you can. Use the smallest scale 
maps available for this determination. Carefully 

*For maps of areas east of the Mississippi write to the USGS at 
1200 South Eads Street, Arlington, Virginia 22202; for areas west 
of the Mississippi, including all of Louisiana and Minnesota, write 
to USGS c/o Federal Center, Denver, Colorado 80225. 
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transfer elevations shown on the maps to the ap¬ 
propriate distances on your profile. 

Once the path profile is constructed, it will be 
necessary to add a correction factor on top of the 
plotted terrain to allow for the curvature of the earth. 
This is a bit more complicated than it sounds because 
the effective curvature of the earth changes with 
varying atmospheric conditions. 

Most amateurs are familiar with something called 
the "4/3 radio horizon, but it is less well known that 
this horizon is different in different geographical 
areas, at different times of the day and year, and at 
different elevations. 

The amount and direction of bending or refraction 
of a radio beam is dependent upon several at¬ 
mospheric variables. A factor called K is used to in¬ 
dicate the effective earth's radius which results from 
these varying degrees of refraction. On a grazing 
path, that is, on a path where the microwave beam 
just barely clears an obstruction, small changes in K 
can make or break the path for communications by 
“moving" that obstruction in and out of the 
beam path. 

The K factor is determined by how much another 
variable, the radio refractivity index, changes over a 
given change in altitude. The radio refractivity index 
is normally designated as N and is calculated from 
pressure, temperature, and water vapor data. When 
N decreases by 40 units with a one kilometer increase 
in altitude (the so-called standard atmosphere) K 
equals 4/3. When N decreases by more than 40 units 

table 1. Average K values for different localities and at¬ 
mospheric conditions (adapted from reference 3). 

K description 

1.17 Norma! K for light refraction; radio refraction in dry, mountainous 
areas above 7500 feet (2290 meters) elevation 

1.20 Dry mountainous areas between 5000 and 7500 feet (1525 to 2290 
meters) 

1.25 Dry mountainous areas up to 5000 feet (1525 meters) 

1.30 Inland plains during winter 

1.34 Standard atmosphere K 

1.50 Inland plains and northern coastal areas during summer; southern 
coastal areas during winter 

1.60 Southern coastal areas during summer 

1.75 Extreme southern coastal areas during summer 

per kilometer, the earth effectively flattens. At -157 
N units/km, K equals infinity and the earth is effec¬ 
tively flat. When N decreases by more than - 157 N 
units/km, K adopts a negative value and the earth 
becomes effectively concave. Such extreme condi¬ 
tions are called superrefractive. 

Under certain atmospheric conditions the index 
decreases by less than 40 N units/km or even in¬ 
creases with increasing altitude. Under these condi¬ 


tions the earth's effective radius decreases (as 
measured by K) and path obstructions are effectively 
higher. When the atmosphere is homogenous, N re¬ 
mains constant over the 1-km range and K equals 
unity. In this case, there is no refraction and the ef¬ 
fective earth's radius is the same as the true earth's 
radius. During a humidity inversion, N can increase 
by over 200 N units/km and K is reduced to less than 
1/2. Such extreme conditions are called subrefrac- 
tive 2 

The amateur microwave DX enthusiast will be 
most interested in typical values of K for the path in 
use. The values for K given in table 1 will suffice for 
this purpose.3 These values of K should be used in 
eq. 5 to determine the earth's effective bulge.* 

B — d 1 d 2 /L 5K (5) 

where: B = earth's effective bulge in feet 

dj — distance from starting point to test 
point in miles 

^2 = distance from test point to destination 
in miles 

This earth bulge should be added on top of the 
point you are testing for an obstruction as shown in 
fig. 1. Amateurs interested in establishing perma¬ 
nent microwave links should add an amount for earth 
bulge at K = / to allow for adverse propagation con¬ 
ditions at certain times. 4 

other clearance requirements 

In evaluating the path profile, an allowance should be 
made for any trees or buildings known to be at the 
control point. That's the point along the path which 
gives the least vertical clearance for the microwave 
beam. Consideration should also be given to these 
non-terrain obstructions for points close in elevation 
to the control point. 

Finally, an allowance should be made for the space 
taken up by the microwave beam itself. Without go¬ 
ing too deeply into wave theory, every radio beam is 
composed of concentric Fresnel (pronounced fray- 
NEL) zones. The first Fresnel zone is defined by a 
grouping of points representing all possible paths 
which are one-half wavelength longer than a straight 
line between transmitter and receiver. 5 If it were 
possible to view these points from the side of the 
path they would represent a cigar-shaped ellipse. 
The width of a Fresnel zone is therefore greater in the 
middle of a path than at the ends. To avoid obstruc¬ 
tion loss, it is necessary to have a beam clearance 
equal to at least 0.6 first Fresnel zone radius over the 

*ln metric form, eq. 5 is 

B = d,d 2 /12.75 K 

where B is in meters, and d t and d 2 are in kilometers. 
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potential control point {terrain + earth's bulge + trees 
or buildings). The formula for this Fresnel zone 
clearance is given as* 

0.6Fi = 43.25 s/dJd^/Df (6) 

where 0.6Fj ~ 0.6 first Fresnel zone radius in feet 
D ~ path length in miles 
f~ frequency in GHz 

d h d 2 are defined in eq. 1 

To plot this additional clearance draw a straight 
line from the antenna elevations at both the starting 
(transmitting) and destination (receiving) points. The 
Fresnel zone clearance is then added below this line 
as shown in fig. 1. If there is 0.6 first Fresnel zone 
radius clearance over your obstruction at the normal 
K for your area, you will have near free space condi¬ 
tions over the path most of the time. If there is 0.6 
first Fresnel zone radius over K = 1 (true earth cur¬ 
vature), near free space conditions will exist over the 
path for all but the most extreme atmospheric condi¬ 
tions. 

reflection analysis 

Microwave signals may be reflected off certain sur¬ 
faces such as open water or dew-laden fields of grain 
— surfaces that appear smooth relative to the 
wavelength of the microwave beam. If this reflected 
energy arrives at the receiving antenna at or near 
180° out of phase with the direct beam (when 
clearance over the point is an even-numbered Fresnel 
zone radius), severe fading can take place. Because 
of this, it is recommended that amateurs interested in 
installing permanent, reliable microwave links also 
evaluate their potential paths for such reflection 
points. 

Since the position of a reflection point varies with 
any change in the earth's effective radius ( K ), reflec¬ 
tion analysis begins with sketching in the potentially 
reflective surface and other terrain features at differ¬ 
ing values of K. This procedure makes use of eq. 5 
and is illustrated in fig. 1. If the reflective surface is 
not clearly blocked by intervening terrain at the same 
K factor, it is advisable to make some computations 
to determine if a reflected wave will reach your 
desired receiving antenna. 

The following formula may be used for such com¬ 
putations, t 

h 2 = d 2 

where h h h 2 = higher antenna and reflection 
heights, respectively, in feet, above 
the reflective surface plotted at 
oo. 

d h d 2 = distance from each antenna to the 
potential reflection point, in miles 



In fig. 1, the potential reflecting surface is the lake 
which runs from mile 10 to mile 15 along the path. 
Assume that the obstructing point for K-4/3 at 
about 27.5 miles is not there. To calculate where the 
reflection crosses mile 50, use eq. 7. Substituting, 
hi-410 feet, d]~10 miles, d 2 -40 miles , and 
K = 4/3. This makes h 2 = 2240feet. Adding this to the 
height of the reflecting surface at K- oo (1600 feet) 
gives 3840 feet above sea level. Since this is well 
above the planned receiving antenna height, no 
reflection problems will be experienced because of 
this reflection point. Similar calculations should be 
made for other unobstructed potential reflection 
points and at other projected values of K. 

summary 

In fig. 1, the example given assumes an operating 
frequency of 10 GHz, and a normal K of 4/3. The 
path profiled is 50 miles (80km) long. 

At this K value, the user will have little more than 
grazing clearance over the control point, which is 
located 27.3 miles (44km) from the transmitting 
antenna. There is not 0.6 first Fresnel zone clearance 
over the control point, however, indicating that a 
small amount of obstruction loss will be experienced. 
For casual use, this loss will pose no major problem, 
but for permanent installations the small clearance 
will give fading problems whenever K goes below 
4/3. Note that the receiving point is shadowed when 
K decreases to about 1.22 or less. 

The techniques outlined here will give the amateur 
microwave user the basic information needed to 
evaluate any potential path for normal communica¬ 
tions possibilities. It does not preclude use in path 
analysis for tropospheric scatter or refractive duct 
communications, but such techniques require addi¬ 
tional analysis beyond the scope of this article. 

*|n metric form, eq. 6 is 

0.6Fj = 10.39 yJd,d 2 /Df 
where d r d 2 , and D are in kilometers. 

T Adapted from reference 4, page 17. 
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solution to the 

low-band antenna problem 


The Marconi antenna 
works great on the 
lower amateur frequencies — 
here’s how to make it play 
using simple methods 
and inexpensive parts 


Since many transceivers include 160 meters, 
many amateurs need a low-band antenna. However, 
this can raise a number of questions or comments, 
such as: 

1. Most trap or shortened antennas are very nar¬ 
row band. Is there something simple that will cover 
the entire low bands? 

2. The cost of an antenna and transmatch may be 
wasted if I find I don't like 160 meters. 

3. My lot is too small for even a quarter wavelength 
on 160, so how can I put up something effective? 

4. I tried to load a "compromise" antenna but 
burned up my final amplifier before I got it to load. I 
don't intend to buy an antenna lab just to check out 
an antenna! 

background 

Radio Handbook has, for years, included one 
antenna — a 180-foot (55m) Marconi. This length 
works as a 3/4-wavelength antenna on 80 meters 


and as a 1 /4-wavelength on 160 meters by shorten¬ 
ing its electrical length with a variable capacitor. This 
antenna works nicely, but may still be too long. The 
Handbook suggests a 90-foot (27.4m) length for 80 
and 40, and may make you think about loading it 
for 160. 

The latest edition of Radio Handbook suggests the 
antenna be pruned to favor desired band segments. 
This seemed to fit the needs of a friend who needed a 
modest 160-meter antenna, so I agreed to "wring it 
out." The antenna started as a 94-foot-long (28.7m) 
antenna and was a real bear on 80, since the 1/2- 
wavelength point was at 4 MHz. Since it was end-to- 
end with my Bobtail Curtain, I assumed it was coup¬ 
ling to that antenna, so I re-erected it in the opposite 
direction completely clear of all antennas and utility 
lines. This was no improvement, so the antenna was 
progressively shortened until it behaved. 

taming the antenna 

Table 1 shows the results. The column labeled 
compensation indicates the component in series 
with the antenna to make it purely resistive at that 
frequency. At that point the R value was determined. 
Notice that the 82-foot (25m) version will provide 
operation on the high end of 160, all of 40, and all of 
15 with low swr, and no matching is needed other 
than the simple compensating element. You might 
feel that the 94 footer (28.7m) should behave exactly 
as the 180 footer (55m) does, with respect to im¬ 
pedances. It won't for this reason: 160 and 80 are 
very nearly harmonically related (1.8 to 3.6 MHz and 
2 to 4 MHz). 80 and 40 are not: (3.5 to 7 MHz and 4 to 
8 MHz). If you set up the 94 footer (28.7m) for 
resonance at 8 MHz, it will perform nicely at 80 
meters. The 82 foot (25m) version in table 1 is reso¬ 
nant at 7450 kHz. 

It might be a temptation to let the antenna behave 
as a 1/2 wavelength at 75 meters. It could be loaded 
with a parallel-resonant tank circuit link coupled to 
the rig. If your version had a flat top at a height of 1 /8 
wavelength or less, if it was built of no. 12 (2.1mm) 
or smaller, and if it were located over soil having ex¬ 
cellent conductivity (or a radial ground system), its 


By Bill Wildenhein, W8YFB, 41230 Butternut 
Ridge, Elyria, Ohio 44035 
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table 1. Values of compensating components for use with the low band Marconi antenna (160 through 10 meters). 


frequency 

R 

94 ft (28.7m) to north 

R 

94 ft (28.7m) to south 

R 

82 ft (25m) to north 

R 

82 ft (25m) to south 

kHz 

(ohms) 

compensation 

(ohms) 

compensation 

(ohms) 

compensation 

(ohms) 

compensation 

1803 

22 

15.5/iH 

25 

19.5/iH 

25 

22.0fiH 

20 

20.5 M H 

1890 

30 

11 

30 

W.OpH 

30 

16.0pH 

40 

17.5/tH 

3557 

300 

lOOpF 

250 

100pF 

160 

120pF 

145 

120pF 

3646 

500 

lOOpF 

350 

80pF 

200 

90pF 

160 

lOOpF 

3780 

900 

80pF 

500 

70pF 

250 

75pF 

240 

80pF 

3980 

5k 

30pF 

1.5k 

36pF 

Ik 

35pF 

500 

50pF 

7005 

100 

240pF 

48 

3.35/xH 

75 

1 .2fiH 

58 

2,3^H 

7150 



50 

2.7/iH 



60 

1 8/iH 

7200 

115 

150pF 



63 

RESONANT 



7292 

125 

125pF 

55 

1.9/xH 

65 

520pF 

63 

1.2 mH 

14,010 



750 

RESONANT 

750 

SEE TEXT 

350 

75pF 

14,240 



900 

0.54 m H 

800 

SEE TEXT 

1000 

RESONANT 

14,300 



900 

1.2/iH 

600 

SEE TEXT 

800 

0.26^ H 

21,015 

90 


100 

1.2/nH 

65 

OJ/iH 

75 

0.85/iH 

21,360 

125 


95 

I.O^H 

58 

0,25jxH 

60 

0.72mH 

21,450 

130 


90 

0.85/tH 

60 

Q.25^H 

58 

0.6dfiH 

28,020 

250 

1.4/iH 

90 

325pF 

175 

0.25/iH 

110 

190pF 

28,600 

130 

1 0/*H 

120 

170pF 

250 

0.4,iH 

80 

lOOpF 

29,560 

100 

0.54*iH 

150 

RESONANT 

100 

0.55jiH 

110 

75pF 


end impedance will be well over 10,000 ohms. That 
means very high rf voltage in the station, BCI and 
TVI become more severe, lead-in losses rise, 
capacitor spacing would have to be much greater 
(and cost much more). There would be a possibility 
of very serious rf burns if a child happened to touch 
the lead-in. It would be beyond the capabilities of 



SUflSTITUTE FOR TAPPED INDUCTOR 

© 


fig. 1. Loading circuit for the low-band Marconi. The L net¬ 
work and compensating coil are one unit in the practical cir¬ 
cuit. Voltage is low in this system, so an ordinary capacitor 
from a broadcast receiver can be used for tuning. Sketch B 
shows an alternative method for a tapped inductance. 


Instead, deliberately detune it by pruning it well 
above 40 meters. The 82-foot (25m) version is reso¬ 
nant at 7450 kHz in my backyard. Notice that the 80- 
meter numbers become quite reasonable. Also 
notice that the 40- and 15-meter numbers do not 
change appreciably with changes in length. You 
might be concerned that the antenna will lose effi¬ 
ciency if not cut to exact resonance. By adding the 
small compensating coil, you are resonating the en¬ 
tire system. 

the ground system 

A good ground is essential for a Marconi antenna. 

I use three radials for each band, 1/4-wavelength 
long, and fanned out under the antenna. These 
radials are tied to a ground stake just outside the 
basement window. The lead-in is a scrap of no. 4 
AWG (5mm) wire but could just as well be a scrap of 
RG-8/U coax cable with shield and center conductor 
tied together. A second ground stake about 8 feet 
(2.4m) away is tied to the first with another scrap of 
no. 4 AWG (5mm) wire. Inside the window, my cop¬ 
per plumbing is also tied in with a piece of no. 4 
AWG (5mm) wire. If you have hot water heating, the 
plumbing in the basement may be copper pipe buried 
in the concrete. This results in a large area of copper 
capacitively coupled to ground. The ground wire 
may be fastened to the copper plumbing with hose 
clamps. A ground system such as this is very effec¬ 
tive and results in an efficient antenna. 
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An easy way to enter a basement window is to 
replace a pane with plexiglass. This material may be 
drilled (cautiously) for 1/4-20 (M7) brass bolts for 
antenna and ground lead. Keep the antenna lead well 
separated from the sash and ground lead. The most 
desirable location for the tuner is on a shelf at the 
basement window, with coax running to the rig. A 
long ground lead is undesirable. In short, when using 
a Marconi, don't cheat on the ground! I have used 
Marconis with only one radial cut for the lowest 
band; another had no radials and only a water-pipe 
ground. With the latter antenna I worked over 20 
states on 160 with 12 watts on a m. The present 
antenna has convinced me of the value of a good 
ground. I get good, solid contacts over at least a 500- 
mile (800km) radius running 35 watts PEP on ssb. 
This, again, on 160 meters. 

leading circuit 

Now let's see how cheaply we can load this thing. 
If you want the entire 160-meter band with unity swr, 
the arithmetic goes like this: 

X L = % !RH [N -R2 = *420x50-202 


allow you to assess the capabilities of the setup. If 
you like it, you can buy a Transmatch later. You may 
have to add series inductance to get a commercial 
Transmatch to tune 160. 

Another solution for 80-meter matching is shown 
in fig. 3. This is the reverse of the network shown in 
fig. 1, since we want to step up the impedance. This 
network will allow unity swr at any point in the 80- 
meter band. Component values allow reasonable 
cost if you are operating a transceiver barefoot. 
Values are computed in this manner: 


c 




50 


= R = 500 

Jr~~R in s/500- 50 


= 500*40.1111 = 166 ohms 
_ R Rjn _ 500x50 


P F - 


*C 

159160 

fMHz^C 


166 

159160 

4x166 


= 150 ohms 


= 240pF 


0.159160 X L 0.159160x150 < „ 

= - 1* = - = 6 pH 

ImHz 4 


= s/1000 - TOO = 24.5 ohms 

v RRin 20x 50 Af)Q 

Xr — -— = - = 40.8 ohms 

X L 24.5 

0.159160 X L _ 0.159160x24.5 


L fi H = 


Cpf = 


fMHz 

159160 = 159160 

fMHzXc 1.8 x40.8 


1.8 


= 2.17 pH 


= 2167pF 


This is for the case where the antenna presents 10 
ohms. Fig. 1 shows the circuit. The voltage across 
the capacitor is low so an ordinary 3-gang broadcast 
capacitor will do nicely. The inductance above can 
be added to the compensating inductance in the 
form of one single coil. 

Next, there are two ways to match the antenna for 
80 meters. If you have an Amidon balun core it can 
be rewound with the same number of turns, trifilar, 
and connected as an autotransformer. Connect the 
finish end of one winding to the start of the next. 
Fig. 2 shows the hookup. If you jockey the im¬ 
pedance values to duplicate mine (by varying anten¬ 
na length), this system will result in a maximum swr 
of 1.5 at any point in the80*meter band. 

The total expense of matching components for 160 
and 80 is low enough that you can have separate, 
pretuned networks for each band. On 40 meters the 
antenna is so close to the proper impedance that 
you need only a 2.5 pH coil in series with the antenna 
lead, and with tap set for minimum swr. This will 


This gives us the values for the 500-ohm point. In the 
same way you can calculate the values for the 3.5- 
MHz point. 

Before you run away from the simple math shown 
here, let me say that the amateur who usually uses 
guesswork would look at that choice of coil and say, 
"You're nuts! That coil might work on 20 but will 
never tune on 80!" Substituting a coil that "looked" 
like an 80-meter coil, he'd hunt at length for a tap 
position that would result in a match. Finding it with 
the coil nearly shorted out, he'd say, "Anyone can 
see this isn't right! It must be loading on a harmonic 
or something! Better junk that antenna before you 
get in trouble with the FCC!" 

Component values for an L network are, to a large 
extent, controlled by the ratio of impedances to be 
matched. Another reason for calculating the values is 
that it often enables you to see trouble ahead. If you 
didn't take the time to calculate the values, you 
might say, "Most commercial transmatches seem to 
use big capacitors. I have a pair of 450 pF variables 
here. With these l should be able to match 
ANYTHING A good example of this is the 
"Moose" shown in the photo. Since I do a lot of 
antenna experimenting I built this thing to give me a 
wide range of capabilities as a pi network, or either 
version of an L network. I calculated the values need¬ 
ed for my antenna on 20 meters. The minimum 
capacitance required made me suspicious. I wasn't 
disappointed! The network in the photo has a 
minimum capacitance too high to permit using it on 


48 (HQ january 1978 



20! The minimum plus distributed capacitance of the 
450-pF capacitors would certainly also be too high. 

While this antenna is primarily intended for 160-80- 
40-meter operation, it will work the higher-frequency 
bands. On the higher bands it begins to take on the 
characteristics of a long-wire antenna. For example, 
as can be seen from table 1, variations in impedance 
between voltage-feed and current-feed points 
become progressively less as frequency increases. 
The antenna will begin to exhibit directional tenden¬ 
cies and can supply occasional surprises when you 
hit the correct conditions. You'll probably want to 
use a more effective antenna on the higher bands, 
but this one is quite useful as a standby antenna. By 
the same token, it will, obviously, do a good job of 
radiating harmonics. 

If TVI is a problem, a lowpass filter in the lead from 
the transmitter to the matching network should do 
the job. fn my case, the TV set is located directly 
above the rig. Total separation is less than 10 feet 
(3m). The rig can be operated with shield covers 
removed, but no TVI occurs on 160 through 40. Of 
course, I use low power — 35 watts PEP, while the 
big amplifier is down for modification. If you do ex¬ 
perience trouble, the lowpass filter should be the 



fig. 2. Schematic showing a method for matching the Mar 
coni to your rig for 80-meter operation. By varying imped 
ance values, this circuit will provide an swr of 1.5 across the 
entire band. 

answer unless you have excessive ground-lead 
length. This will tend to couple the rf to the ac line. In 
that case a lowpass filter may still help but may not 
be quite as effective. 

While on the subject of lowpass filters, it might be 
a temptation to build one of the simple lowpass filters 
described in the ARRL Handbook (late editions) for 
use in cleaning up vfo outputs. This little filter is very 
useful for its intended purpose but will behave as a 
halfwave filter when used in the output of a transmit¬ 
ter. For example, if the cutoff frequency were set a 


little beyond 20 meters (for instance, if you used a 
combination of 620 and 820 pF capacitors to yield a 
14.5 MHz cutoff), it will work beautifully on 20 
meters. If you check it with the signal going into a 
good 50-ohm load you'll find that each lower band 
will show greater reflected power, making it useless 
as a wide-range unit. The halfwave filter is a very ef¬ 
fective single-band device. If you have TVI problems 
on a single band, the filter can be an inexpensive and 
effective cure. Just don't be misled into thinking it 
will perform well on all bands below the cutoff fre¬ 
quency! 

instrumentation and design aids 

If you aren't the experimenter type, you're prob¬ 
ably worrying about all the L and C calculations. Be 
smart! Send $2.00 to the ARRL for their Type A 
Calculator . With this thing you can solve your L, C, 
and F calculations in seconds . I've worn out three of 
them over the years, and keep one at work and one 
at home. Once you get used to the thing, you're 
hooked. Instructions are printed right on the 
calculator, so it's impossible to mislay or forget this 
information, 

A good practical example of the savings in time 
and money is this: You might not have a grid dipper 
but may want a cheap and dirty model just for this 
antenna work. Perhaps you have a little two-gang 
broadcast capacitor but don't know its capacitance 
range. Be assured it will work very well in a conven¬ 
tional Colpitts oscillator. Perhaps you leave it on the 
original chassis, use an existing socket, and haywire 
the circuit. You may have some defunct octal tubes. 
The bases can be the plugin coil forms. Take a guess 
that in the Colpitts circuit the little capacitor will hit 
100 pF somewhere in the vicinity of a capacitor set¬ 
ting that puts it two-thirds meshed. 

The ARRL calculator gives you the correct number 
of turns on the tube base to hit some desired fre¬ 
quency. Once you have the instrument running, you 
can determine the total range of frequencies the coil 
will cover. 

Now you know the coil inductance and the end 
frequencies. With the calculator you can determine 
accurately the exact number of turns for any range. 
The calculator will also tell you the true maximum 
and minimum capacitance you have, which will in¬ 
clude stray capacitance. You can use the calculator 
to juggle turns to give a desired amount of overlap in 
coil ranges. In other words, it takes out the 
guesswork, and the time-consuming work of remov¬ 
ing turns or rewinding coils repeatedly to achieve a 
specific range. 

The calculator also gives positive verification of a 
hoped-for cost saving. For instance, in making the 
dipper, you might look at the tube base and say, "I'll 
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never get a 160-meter coil on that form!” But the 
calculator says you certainly will. For example, very 
often an article might specify a certain length of 
husky coil stock. Your calculator tells you what in¬ 
ductance this represents. It enables you to say con¬ 
fidently, "That coil from a surplus tuning unit will be 
correct, too.” Think about it. You saved the price of 
the calculator with that one decision! 

measuring antenna impedance 

Possibly in your location the antenna impedances 
will be somewhat different from mine. Or you might 
have heard that two or three spaced wires, instead of 
a single wire, will decrease the impedance at the 
halfwave points. How much lower? You need to 
measure the impedance but have no tools? The 
Radio Handbook has carried a description of a simple 
little bridge for a number of years. It is the Antenna- 
scope. The latest edition has a version that only goes 
to 100 ohms. Earlier editions had a model that went 
to 1000 ohms. For hf antenna work, that model is en¬ 
tirely adequate. It is an inexpensive, two-evening 
project and can be made from standard parts. 

The meter need not be an expensive one since 
we're concerned only with a null. You can substitute 
one of the $1.50 surplus tuning meters used in stereo 
amplifiers. It should have a 100 or 200 microampere 
movement. Calibration requires nothing more than a 
handful of resistors between 10-1000 ohms. 

If you really want to go all out on antenna 
measurements. Hank Keen described a bridge that 
independently measures the R and X components. 1 I 
described a similar one in reference 2. While only a 
little more costly and complex, both instruments will 
do an excellent job. However, if properly used, the 
little Antennascope is entirely adequate. 

In addition to the Antennascope, you'll need a 
source of low-power rf. This source can be a 
vacuum-tube-type grid dipper (the solid-state models 
don't have the power output necessary to serve as 
bridge drivers). You could also use a simple crystal 
oscillator. This oscillator should be a vacuum-tube 
type with a tuned-plate circuit link coupled to the 
Antennascope . No tuning meter is required since the 
Antennascope meter can be used to indicate maxi¬ 
mum output from the oscillator. Again, this could be 
built out of a scrap ac-dc set. The tuning capacitor in 
the ac-dc set will be adequate. Plug-in coils wound 
on tube bases will be satisfactory. 

With the original tuning capacitor you can hit two 
adjacent bands with a single coil. For instance, one 
coil will hit both 160 and 80 meters. A second coil will 
hit 40 and 20 meters. If you don't have an rf choke 
handy, use one pie from an old 455-kHz i-f 
transformer. 



80 3 6/iH 12turns2"dia. 240 440pF,1kV 50-120pF, IkV 

(51mm) M/2" (38mm) 
long 

20 1.4-2.5/xH 12 turns2" 40-80pF, IkV shorted out 

dia. (52mm) 1-1/2" 

(38mm) long 

10 0.25-0.35^H 12turns 50-60pF, 500V 75-200pF, 500V 

2" dia. (51mm) 1-1/2" 

(38mm) long 

fig. 3. Alternative matching circuit for80 meters. 

Another solution is possible if you have a service- 
type signal generator. Many of these units have an 
open circuit output of about 0.3 volts. Make a "mini 
linear” using a hot pentode such as a 6AG7, 6CL6, or 
6GK6. Don't tune the input — just use a 10k resistor 
to ground. Tune the output and link couple it to the 
Antennascope . Set it up according to the tube 
manual values for class A operation. If output is 
marginal, tune the link. If you're using this technique 
or a grid dipper, don't rely on dial calibration; verify 
the frequency with your communications receiver. 

measurement technique 

The proper technique to ensure accurate measure¬ 
ments is this: In each case, the antenna must first be 
made resonant. Table 1 will give you a rough idea of 
the compensating element needed to ensure exact 
resonance. Example: 

1. On 160 meters, connect about 30 /aH of in¬ 
ductance between antenna and ground. 

2. Couple a dipper to the coil and carefully short 
turns until a dip occurs at the desired frequency. 

3. Disconnect the grounded end of the coil from 
ground and insert the Antennascope between 
ground and the end of the coil. 

4. Feed power to the Antennascope at the same 
frequency. 

5. Adjust the Antennascope for a null on its meter 
and read the resistance indicated. Also note the in¬ 
ductance needed to obtain resonance. 

On 40, if your antenna is similar to mine, you could 
use the same technique but with a smaller coil. On 80 
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you'd use a section or two of a broadcast capacitor in 
series with the antenna. The free end of the capacitor 
goes to a 2-turn link coil to ground. The dipper is 
coupled to the link, and the series capacitor is ad¬ 
justed for a dip. Then the Antennascope is con¬ 
nected in place of the link. At halfwave resonance, 
the impedance is very high. If you connect a link to 
ground, you may not be able to find a dip — or the 
dip may be very shallow. Thus, on 80 meters, it 
would be best to start at 3.5 MHz. The antenna will 
be far enough from the half-wavelength resonant 
point to enable you to get a dip. The dip may still be 
shallow, but it can be found. A similar situation exists 
on 20 meters. 

Another technique is to judge resonance by 
deepness of dip on the Antennascope. For instance, 
the Antennascope could be connected directly from 
antenna to ground on 80 meters. You may find that 
its null is shallow. This will make it difficult to deter¬ 
mine the exact R value. You can connect the series 
capacitor between the Antennascope and antenna. 
Adjust the capacitor carefully to find the point where 
the null on the Antennascope is deepest. If this is at 
the point of minimum capacitance on the series 
capacitor, you may want to use a smaller capacitor. 
Finally, find a point with the series capacitor where 
the null is deep and sharp. This makes it easy to ob¬ 
tain the exact R value. 

On 20 meters you may have to use either a small 
inductance or fairly large capacitance to find 
resonance (depending upon the frequency in the 20- 
meter band). At some point the antenna may be 
resonant and will require no compensation. (This is 
the advantage of using the more complex bridge 
mentioned earlier.) Incidentally, in a situation such as 
the 82-foot (25m) antenna at 20 meters, the reactive 
component is small enough so that no compensating 
element must be used with an L network. A standard 
L network will accommodate this reactive compo¬ 
nent, which simplifies matching. 

This antenna does a good job on the low- 
frequency bands. I hope this description makes it 
easy for you to obtain top performance. With the 
simple equipment and techniques described, you can 
be assured of an exact match without even turning 
on your rig. One last warning; The antenna length is 
measured from the far end to the point where it con¬ 
nects to the tuner. Have fun! 

references 

1. Henry S. Keen, W2CTK, '*A Simple Bridge for Anienna Measurements." 
hamradio. September, 1970. pages 34 38. 

2. Bill Wildunhfetm, W8YFB, “Low Cost RX Impedance Bridge/' ham radio. 
May. 1973, pages 6 15. 
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1/4 KILOWATT 
UNEAR AMPLIFIER 


TPL proudly presents the first true power 1/4KW 
SSB/AM, FM or CW solid state 
2 meter linear amnlifier 



The 2002 utilizes the latest state of the art engineering in¬ 
cluding micro-strip circuitry and modular construction. The 
three final transistors combine to produce 250W when driven 
by 15W or more at 13.8VDC. 

A remote control plug allows you to operate with the ampli¬ 
fier ON or OFF, or in SSB/AM, FM or CW from the dashboard. 
This broad band amplifier will cover the entire 2 meter band 
with no degradation and will also cover the adjacent MARS 
channels with only a slight degradation.No tuning is required. 

A seven pole low pass filter attenuates all harmonics 60dB 
or greater as required by the FCC. 

Model 2002* $479.00 

* can be ordered for repeater application. 

19" rack and panel mounted with cooling fan 

POWER INPUT: 

5-20W Carrier FM or CW 
20W PEP maximum SSB or AM 

POWER OUTPUT: 

200-250 carrier FM or CW 
300W PEP SSB or AM 

FREQUENCY RANGE: 

144 to 148 MHz* 

* will operate with slight degradation at 
142 and 150 MHz. 

HARMONIC ATTENTUATION: 

All Harmonics Attenuated 60 dB or Greater 

CURRENT DRAIN: 

FM-40 Amps @ 250W 
SSB-30 Amps @ 300W PEP 

DUTY CYCLE; 

FM 50% @ 150W 33% @ 250W 
SSB 60% @ 150W 50% @ 250W 

for additional infoimation contact 


COMMUNICATIONS INC. 

Canada: 1324 W 135TH $T , GARDENA, CA 90247 (213) 538-9814 

A.C. SjmmontjB & Sons Ltd., 975 Dillingham Rd,. Pickering. Onlario L1W 3B2 
Export: EMEC Inc., 2350 South 30th Avenue, Hnllandole. Florida 33009 



January 1978 ES 5i 






a review of 

ssb phasing techniques 


Phasing methods for 
ssb signal generation 
have provoked 
much controversy — 
here’s an article 
that provides 
some interesting information 
to the contrary 


A revival of interest in ssb phasing systems seems 
to have occurred in recent years, a trend I whole¬ 
heartedly endorse. Thus it's time to discuss the 
various phasing techniques used and to introduce 
some new or little-known techniques, which in my 
opinion, may revolutionize traditional approaches for 
obtaining ssb signals by this method. 

Using the rf-phasing methods discussed near the 
end of the article, it is my opinion that direct- 
conversion ssb generators and receivers can be made 
that cover an octave or more in bandwidth. This is 
the so-called "third-method" of ssb-signal genera¬ 
tion in which the desired output signals can be 
obtained without using cumbersome heterodyne 
methods with filters and their problems of frequency 
drift, which require periodic realignment. 

economic considerations 

A block diagram of the classic phasing method of 
ssb generation is shown in fig. 1(A). More usually for 


practical reasons it's implemented as shown in fig. 
1(B). The key to the whole technique is the phasing 
networks — this may be stating the obvious, but 
their design, construction, and adjustment, and the 
difficulties encountered therein account for much 
constructor resistance to phasing ssb. Phasing ssb is 
mostly looked on as not a "proper" method of gener¬ 
ating ssb, an opinion I entirely reject. I've always 
thought that the filter method is really a brute-force 
technique. 

It's possible to obtain opposite-sideband suppres¬ 
sion of more than 50 dB with narrow bandwidths, 
but the subsequent amplifier stages degrade this 



fig. 1. Classic phasing method for generating ssb signals 
(upper). For practical reasons, the method is implemented 
as shown in the lower drawing. 


suppression and, as they generate intermodulation 
products at high levels, some of the advantage 
is lost. 

As the state of the art existed some 20 years ago, 
when most ssb equipment was homebrewed, the 

By Roger Harrison, VK2ZTB, 14 Rosebery 
Street, 8310181112041, Australia 
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filter method was somewhat easier to implement. 
However, cost is almost always a consideration in 
homebrew projects, and the phasing method has a 
great advantage here. Furthermore, using some cir¬ 
cuit techniques described later, my opinion is that 
the phasing method is easier to implement than the 
filter method. Although you must spend $30 - $50 on 
a filter and matched upper and lower sideband 
crystals and a further $5 - $10 on components, a 
phasing generator can be built for around $10 or less. 

Even if you buy a batch of surplus crystals and 
make your own filter the cost will be considerable. 
Furthermore, the filter will require a great deal of time 
and effort to align — without guaranteed results. In 
my opinion, simplification of both circuit and align¬ 
ment, as in the phasing system, is a step forward in 
which you can do the job required and still achieve 
adequate specifications. 

ssb requirements 

Let's look at what specifications are considered 
"adequate" for ssb. Opposite sideband suppression 
is important; after all, you have to live with your 
neighbors. Opposite sideband suppression of “40 
dB is quoted in many texts as reasonable. However, 
with moderate output power -35 dB can be 
tolerated. Such suppression can be obtained with 
phasing techniques, but with some circuits it's dif¬ 
ficult to maintain this number; in other circuits it can 
be exceeded. 

Carrier suppression with phasing ssb depends on 
balanced-modulator performance, as with filter 
systems. Suppression of — 50 dB may be obtained 
with filter systems, depending on the type of mixer. 
The bandwidth of filter-type ssb systems is mostly 
determined by the filter. These bandwidths range 
between 2.1 and 3.2 kHz for most commercially 
available equipment, which usually has a 6-60 dB 
shape factor of more than 2. 
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Ct 607 pF (560 pF and 47 pF, 5% capacitors in parallel) 

C2 1215 pF (390 pF and 820 pF, 5% capacitors in parallel) 

C3 2430 pF (2200 pF and 220 pF, 5% capacitors in parallel) 

04 4860 pF (4700 pFand150pF. 5% capacitors in parallel) 

R1,R2 133.3k (E96 series) or 100k and 33k, 1% resistors in series, or 12 

meg, 5%, and 150k, 1 % resistors in parallel 

fig. 2. An audio phase-shift network (psn) for homebrew ssb 
projects popular from the early 1950s to the present. It was 
marketed by the Millen Company and by Central Electron¬ 
ics. Preferred capacitors are 1% or 2% silver mica, NPO 
ceramic, or polystyrene. 

With phasing systems bandwidth depends on 
audiostage bandwidth and the audio phase-shift net¬ 
work. Unless elaborate sharp cutoff audio filters are 
used, the shape factor is not as good as in the filter 
system. However, this isn't a major problem, and 
many operators find phasing-type ssb easier to tune 
(on receive) and often describe it as having a more 
natural quality. It's easy to weight the audio response 
of a phasing generator to provide improved intelligi¬ 
bility. 

Maintaining the specifications, particularly op¬ 
posite sideband suppression, has always been a 
problem with phasing-type ssb systems, requiring 
periodic realignment of the phase-shift circuits. 
Opposite-sideband suppression was largely a func¬ 
tion of component stability (that is, frequency drift). 
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fig. 3. Audio stages of the "Tucker Tin Mark II" (reference 1), a phasing ssb transmitter using the phase-shift network shown in 

fig. 2. 
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Cl 24.2 nF or 24200 pF (22 nF polycarbonate or polystyrene and a 470 
pFsilver mica, NPO ceramic, or polystyrene, connected in parallel} 
C2 8.06 nF or 8060 pF (4.7 nF and 3.3 nF in parallel, or 6.9 nF and 1.2 
nF in parallel, or 8.2 nF and 0.47 /<F in series, polycarbonate or 
polystyrene capacitors) 

C3 5.35 nF or 5350 pF (5.6 nF and 0.12 ^F in series, or 4.7 nF and 680 
pF in parallel, polycarbonate or polystyrene capacitors) 

C4 4.03 nF or 4030 pF (3.9 nF and 120 pF in parallel, polycarbonate or 
polystyrene capacitors) 

C5 1.78 nF or 1780 pF (1.8 nF and 0.18 pF in series, or 1.5 nF and 270 
pF in parallel) 

C6 892 pF (560 pF and 330 pF in parallel; use silver mica, NPO 
ceramic, or polystyrene capacitors) 

R1 20k E96 series or two 10k, 1 % resistors in series 

R2,R3 60.4k E96 series, or 27k, and 33k, 1% in series, or two 120k in 
parallel 

fsg. 4. Phase-shift network first popularized by W2KUJ 
(reference 1). 

With modern components and circuit techniques, 
these problems can be overcome, as we shall see. 

audio phase-shift networks 

Two types of phase-shift networks are used — ac¬ 
tive and passive. The latter are most widely used, but 
we'll examine both. 

In the heyday of homebrew ssb, several commer¬ 
cially made audio phase-shift networks were avail¬ 
able; the Millen and B&W 2Q4 being perhaps most 
widely used. The Millen network is shown in fig. 2. 
Its popularity over the past 20 years is probably due 
to its relative simplicity. When properly adjusted the 
differential phase shift between outputs can be main¬ 
tained within ± 1.3° of 90° over the audio range from 
225 to 2750 Hz. This results in an average opposite- 
sideband suppression of 45 dB. Using off-the-shelf 
1% or 5% resistors and 2% or 5% capacitors, an 
opposite-sideband suppression of 40 dB can be 
achieved. The circuit has two other distinct ad¬ 
vantages: it requires a minimum of 12-14 compo¬ 
nents, and the overall loss is about 10 dB, which is 
the lowest of all the RC networks to be described. 

The Millen circuit requires unequal drive voltages 
at inputs X and Y (fig. 2) in the ratio of 7:2. The 
source impedance is about 2k. The circuit may be 
driven by a specially wound transformer (well-nigh 
impossible to obtain today), which would have to be 


built. Another alternative is to drive the circuit from a 
phase splitter (that is, 180° out of phase) through the 
RC network shown. The 100-ohm trimpot is then ad¬ 
justed so that the audio voltage on input Y is only 
28.5% of that on X. Alternatively, the pot may be 
adjusted to provide equal-amplitude signals at the 
outputs, A and B. 

The audio bandwidth must be restricted as the dif¬ 
ferential phase shift between A and B departs further 
from the required 90° outside the bandwidth men¬ 
tioned, thus markedly degrading the opposite side¬ 
band suppression. A rolloff of at least 12 dB per oc¬ 
tave above about 2.5-3.0 kHz is recommended — 
preferably 16 dB per octave. The low frequency 
should be rolled off at about 10-12 dB per octave 
below 300 Hz. 

The outputs must drive a very high impedance, 
preferably an fet source follower. The "Tucker Tin 
Mark II" ssb transmitter 1 used this phase-shift net¬ 
work, which was driven by a phase splitter. The out¬ 
puts drove two fet source followers as shown in fig. 
3. The audio amplifier, which has a high-impedance 
input, is arranged to provide the appropriate frequen¬ 
cy response and gain, making it suitable for use with 
either crystal, ceramic, or dynamic microphones. 

The phasing and audio-frequency balance pots are 
adjusted to provide minimum opposite-sideband sup¬ 
pression during alignment and rarely need readjust¬ 
ment. The phase-pot is used to adjust the input drive 
voltages to the phase-shift network in the correct 
ratio. The Tucker Tin was a highly successful kit. It 
was made available by the Upper Hutt branch of the 
NZART. Phase-shift network components were 
standard off-the-shelf 1% resistors and 5% 
capacitors. 



R1 125k (124k or E12 series, 120k and 4.7k, 1% resistors in series) 

R2 198k (196k E96 or El2 series, 180k and 18k, 1 % resistors in series) 

R3 487.5k (487k E96 or E12 series, 470k and 18k, 1% resistors in 
series, or 3-9 meg, 5%, and 560k, 1 % resistors in parallel) 

R4 770k (768k E96 or E12 series, 12 meg, 5%, and 820k, 1% resistors 
in parallel, or 680k and 82k, 1% resistors in series) 

fig. 5. Network designed by Dome (reference 4). Circuit 
must be driven by equal-amplitude, opposite-phase sig¬ 
nals as shown or from a phase splitter. Output must be a 
very high impedance. 
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500* POT 

Wr 


4701c 


Cl 10.5 nF or 10500 pF <10 nF and 470 nF in parallel) 

C2 32.3 nF or 32300 pF <27 nF and 560 pF in parallel) 

C3 7.14 nF or 7140 pF <6.8 nFand 330 pF in parallel) 
C4 5.38 nF or 5380 pF (4.7 nF and 680 pF in parallel) 

C5 2 38 nF or 2380 pF (2.2 nF and 180 pF in parallel) 

C6 1.2 nF or 1200 pF (1 nF and 200 pF in parallel) 
R1,R2 90k {22k and 68k, 1% in series) 


fig. 6. Modified Dome phase-shift network. 

Outputs may drive an impedance as low as 1 
meg, which swamps the input impedance of 
the following stages {usually a source fol¬ 
lower or similar circuit). Polycarbonate or 
polystyrene capacitors should be used for values above 1 nF (1000 pF); polystyrene, silver mica, or AiPO ceramics below 1000 pF. 
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NOTE: ALL COMPONENTS WITHIN IX 


A similar circuit (fig. 4), having different values to 
accommodate a lower input impedance, was first 
popularized in the "SSB Jr./' a phasing-type ssb 
transmitter designed and described by Don 
Norgaard, W2KUJ. 2 Bandwidth and differential 
phase shift characteristics are much the same as in 
the circuit of fig. 2, which has the distinct advantage 
of a minimum component count of 14. Standard E24- 
series 1% or 5%, silver mica, or NPO ceramic 
capacitors are preferred and are readily available. 

The resistors may be 1% or 5% with values from 
the E96 series as indicated. Alternatively, they may 
be derived from 1% or 2% tolerance types from the 
E12 series. If E96-series resistors are used, the com¬ 
ponent count is 9, whereas if E12 series are used with 
values in series or parallel combination, the compo¬ 
nent count is 13 (including the 100-ohm pot). The pot 
can be a carbon or wirewound type. A carbon type 
with a Cermet element is preferred. 

As for the circuit in fig. 2, the phase-shift network 
requires the X and Y input voltages to be in the ratio 
of 7:2. The pot is used to set this ratio. The circuit 
can be driven from a simple fet phase splitter with 
equal-amplitude outputs or by a transformer. A very 
high impedance must be presented to the outputs, 
and fet source followers are again recommended. 

For maximum results the two networks just 


described (figs. 3 and 4) can be aligned by making a 
portion of each capacitance a trimmer, then the en¬ 
tire phase-shift network can be adjusted for 
minimum phase deviation (from 90°) over the fre¬ 
quency range. An audio oscillator and scope are 
necesssary. The procedure is described in reference 
3. Details for aligning the Tucker Tin circuit are given 
in reference 1. 

A detailed and very useful discussion on the 
design, construction, and alignment of audio phase- 
shift networks is given in reference 3. An alternative 
procedure is to measure a group of components on a 
precision bridge, selecting those within 1% of the 
values given in the circuit. The only adjustment then 
is to get the input-voltage ratios correct. 

The Dome network 4 shown in fig. 5 has the ad¬ 
vantage that it can be driven directly from a balanced 
input such as a center-tapped transformer or phase 
splitter. However, as with the two previous circuits, 
the outputs must be presented to a very high im¬ 
pedance. If components are close to the values 
specified, deviation from 90° phase shift will be 
about ±1.5° between about 270 Hz and 2.9 kHz. 
Restricted audio bandwidth must be used, as 
discussed previously. 

Another disadvantage of the circuit in fig. 5 is its 
high loss, which is about 15 dB compared with 10 dB 



fig. 7. Network designed by Van Heddgem {refer* 
ence 5) for solid-state applications. Values of R3 
and R6 include Z in . All values shown in the schema¬ 
tic should be within 1% or better. The ratio of R7/R8 
= 3.83 {within 1% or better). 
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for the previous two circuits. However, it's usually 
not too difficult to provide sufficient gain margin in 
the audio stages to compensate. 

One of the disadvantages with all the circuits 
described thus far is the necessity for the outputs to 
be presented with a very high impedance. The phase 
shift is affected by load-impedance variations, with a 
consequent degradation in opposite-sideband sup¬ 
pression, If the output impedance can be defined. 


could be built for solid-state applications. See fig. 
7. The input impedance of the following emitter- 
follower stages is taken into account when 
calculating R3 and R6. Note that input and output 
impedances are quite low compared with those in the 
previous circuits. Many standard component values 
may be used. 

In contrast with the original Dome network, the 
circuit of fig. 7 requires that the input drive voltage 
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fig. 8. Passive phasing generator by W. Doyle, W7CIV1J (reference 6). 


and a practical value lower than the input impedance 
of the following stage selected, then the effect of any 
variations in load impedance can be swamped. 

Southwell 3 discusses a variation of the Dome net¬ 
work 4 in which the network outputs drive 1-megohm 
loads placed across the inputs of the following 
stages. The circuit is shown in fig. 6. Amplitude 
balance at the outputs may be obtained by a fixed 
voltage divider and by a pot in the other load 
resistance. The original circuit was designed to drive 
a cathode follower, whereas I've shown a source- 
follower stage. 

Van Heddegem 5 discussed modifications to the 
basic Dome network in which a suitable network 


be in the ratio of 3.83:1. The circuit was later used by 
Doyle 6 in his passive ssb generator. The ratio of the 
two input resistors, which determine the input- 
voltage ratios, must be accurate to within ±1% or 
better. 

Input impedance is noncritical but should be low. 
Doyle 6 uses two 5k pots to adjust output levels and 
impedance for best opposite-sideband suppression. 
His circuit is shown in fig, 8. According to Van 
Heddegem 6 the network should work well between 
280 Hz and 2.8 kHz. Audio must be restricted in 
bandwidth to maintain opposite sideband suppres¬ 
sion. No numbers are given as to how close the 
phase shift remains at 90°. Component count is 


fig. 9. Phase-shift network using RLC components developed by Westinghouse in 1944 and described by Cheek (reference 7). 

Circuit has a minimum of 9 components. 


047nF 

4h- 


800 Hi 
DE-EMPHASIS 



The 40 mH inductors may be made from 
88-mH toroids. The 6-henry inductor may 
be an ordinary iron-core choke. Alternative¬ 
ly, all inductors may be wound on pot cores 
or low-frequency toroid cores. 

LI 176 turns no. 26 (0.3mm) enameled wire on a 
single bobbin in a Vinkor LA2330 pot core 
L2 2090 turns no. 42 (0.06mm) on a single bobbin in 
a Vinkor LA2330 pot core 

T1 2 windings, 176 turns each, no. 34 (0.16mm) 
enameled wire, in each half of a double bobbin in 
a Vinkor LA2330 pot core 
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10840 Hz 140 Hz 997 Hz 

- - - 0+ 



fig. 10. Wideband active audio phase-shift network described by Norgaard {reference 2) and Southwell (reference 3). Each RC 
network is adjusted for 45° phase shift, grid-to-grid, at the frequencies indicated. Circuit loss is about 8-10 dB. 


only 12 if E96-series or selected E12-series com- So far all phase-shift networks considered have 

ponents are used. been made of RC combinations. Networks using R, 

If you wish to build this ssb generator, I recom- L, and C combinations are quite rare in the literature, 
mend that you read reference 3 for adjustment and probably because the inductances in a phase-shift 

alignment. (The rf phase-shift circuit is discussed network of this type are not off-the-shelf items, 

later.) No numbers are given for opposite-sideband Nevertheless, such a circuit has certain merits; one in 

suppression, but it appears that at least 30 dB is particular is shown in fig. 9. This circuit was 

obtainable. developed by Westinghouse in 1944and subsequent- 
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fig, 11. Modern wideband active phase shift network described by Dickey {reference 8) uses two LM324 quad op amps, input 
circuit provides operation from a single 5-volt supply. Each stage is adjusted for 90° phase shift, input-to-output, at the fre¬ 
quencies indicated. Circuit has unity gain {no loss). 


january 1978 63 57 










ly described by Cheek. 7 Components are noncritical. 
Resistors and capacitors can be standard 5% or 10% 
components. Composition resistors and paper 
capacitors were used in the original circuit. The main 
requirement is that each 40-mH inductor resonate 
with the 1 -yu-F capacitor at 800 Hz. Exact values aren't 
critical as long as components of the specified 
nominal values are used. 

The 6-henry inductor and the 6200-pF capacitor 
must resonate at 800 Hz. The 40-mH inductors may 
be made from 88-mH toroids, which are readily 
available in the surplus outlets. These inductors con¬ 
sist of two 44-mH coils wound on a toroid core and 
connected in series. 

Using a scope or vtvm and an audio oscillator, it's 
easy to resonate a 44-mH inductor and a 1-jtF 
capacitor to 800 Hz. Just remove turns from the 
44-mH winding until resonance is obtained. The 
exact frequency has no magic about it; 800 Hz is the 
geometric mean of 160 and 4000 Hz, which ade¬ 
quately covers the speech band. Ensure that each LC 
circuit resonates to the same frequency. This fre¬ 
quency could just as easily be 750 H 2 Igeometric 
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fig. 13. Coaxial-cable quadrature phase-shift network. 


mean of 200 and 2800 Hz) or 900 Hz (geometric mean 
of 270 and 3000 Hz). 

Transformer T1 consists of two windings having 
equal numbers of turns wound on the same core 
resonated at 800 Hz with the 1-/tF capacitor. The two 
windings are connected in series: dots in the circuit 
in fig. 9 for T1 indicate the start (or finish) of each 
winding. As an alternative, each inductor could be 
wound on a standard pot-core assembly or a low- 
frequency toroid. 




fig. 14. Quadrature phase shift network after Taylor (refer¬ 
ence 13) centered on 14.25 MHz. Output amplitudes are 
within 0.8 dB between 13.8-14.6 MHz. 
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fig. 12. Passive rf phase-shift networks commonly used in 
phasing ssb designs over the past 30 years, which are dis¬ 
cussed in the text. All are suitable only for single frequency 
use or for a very small frequency range. 


The two quadrature outputs, A and B, can drive 
low-impedance loads. The characteristics of the 
phase-shift network are unaffected by the load im¬ 
pedance, which may be between 400 and 600 ohms. 
Input impedance is about 5k and should be floating 
with respect to ground. The input should be driven 
by a transformer or a differential amplifier. 

The speech amplifier preceding the phase-shift 
network should include deemphasis for frequencies 
below 800 Hz. If the network is transformer driven, a 
deemphasis network consisting of two 15k resistors 
and two 47 nF (= .047 /zF) capacitors, connected in 
series with each input terminal, serves this purpose. 
The input impedance then will increase to about 40k 
and the input transformer should be selected to drive 
such an impedance. This is suggested by Cheek. 7 

The network will maintain the phase shift within 1 0 
or better between 300 Hz and 3.5 kHz. The amplitude 
balance between the quadrature outputs is within 
2% or better between 200 Hz and 4 kHz. Thus, it's 
easy to achieve an opposite-sideband suppression of 
about 40 dB, which is certainly one of the advan¬ 
tages of this particular circuit ", .kit and the quite low 
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fNPUT (30 OHMS) 



Cl ,C2 26,3 pF <27 pF, 5% NPO ceramic or silver mica) 

C3,C4 TIOpF, 5% NPO ceramic or silver mica 
C5,C6 390 pF, 5% NPO ceramic or silver mica 

C7,C8 1605 pF <2700 pF and 3900 pF, 5% polyfilm capacitors in seriesl 

LI ,L2 1,05 fxH. 5 turns no. 26 <0.4mm) enameled, closewound on 

Philips 020-91010 toroid core 

L3,L4 4.36 ^H. 12 turns no. 26 (0.4mml enameled wound on Philips 

020-91010 toroid core, turns spread evenly around circumference 
of core 

L5,L6 15.4 /iH. 24 turns no. 26 (0.4mm) enameled, wound on Philips 

020-91010 toroid core 

L7,L8 64.2 /jH. 48 turns no. 30 <0,25mm) enameled, wound on Philips 

020-91010 toroid core 
T1,T2 See text 
T3 

fig. 15. Wideband 90° phase-shift network using two 45° 
bridge circuits (courtesy of Jim Koehler, VE5FP/VK2BOV). 

input and output impedances together with the 
relatively noncritical nature of the components, gives 
this circuit quite an edge on the RC circuits dis¬ 
cussed. 

The overall loss is 12-14 dB (excluding the de¬ 
emphasis circuit), which is comparable to the RC 
circuits. The audio stages preceding the network 
must have a sharp cutoff above 3 kHz, a common 
feature of all networks discussed. The minimum 
component count of 9 is also an attractive feature 
and is competitive with the circuit in fig. 4. 

A point worth noting is that the low output im¬ 
pedance of the network in fig. 9 makes it suitable for 
driving low-impedance diode bridge balanced 
modulators. 

Active audio phase-shift networks were used in 
many early designs for ssb exciters. These circuits 
generally consisted of a cascaded series of triode 
phase splitters with RC networks coupling each 
stage as shown in fig. 10. This circuit is discussed by 
both Sothwell 3 and Norgaard,2 amongst others. 
Each stage produces a 45°phase shift at a particular 
frequency. The frequency of each RC network is 


chosen so that the entire network produces a dif¬ 
ferential phase shift within ±1° between 70 Hz and 
5.5 kHz. 

This type of network needs alignment, but the pro¬ 
cedure is more complicated to explain than to ac¬ 
complish and is not outside the expertise of most 
amateurs. All you require is a passing acquaintance 
with a scope and an audio oscillator. Once adjusted, 
the network will maintain its alignment for con¬ 
siderable periods. The wide bandwidth allows good 
opposite-sideband suppression over the speech 
bandwidth of 300 Hz to 3 kHz. The circuit has ex¬ 
cellent phase and amplitude stability. Overall loss is 
about 8-10 dB. The circuit can obviously be adapted 
to use modern fets. 

A more recent circuit, using two quad op-amps, 
was described by Dickey. 8 He claims this circuit will 
provide two equal-amplitude outputs that differ in 
phase by 90° within ±2° over the frequency range 
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C1,C2 12 pF, 5% NPO ceramic or silver mica 

C3.C4 46 pF 147 pF, 5% NPO ceramic or silver mica) 

C5.C6 153 pF <150 pF, 5% NPO ceramic or silver mica) 

C7,C8 604 pF (680 pF, 5% NPO ceramic or silver mica in series with 5600 

pF, 5% polyfilm capacitor) 

L1.L2 0.465 jtH. 5 to 6 turns no. 22 <0.6mm) enameled on 

579x250x312/900 Neosid toroid, turns spread evenly around cir¬ 
cumference 

L3.L4 1.84 M H. 6 turns no. 30 (0.25mm) enameled wire, closewound on 

Philips 020-91010 toroid core 

L5,L6 6.13 /iH. 12 turns no. 26 <0.4mm) enameled, wound on Philips 
020-91010 toroid core, turns spread around 2/3 the cir¬ 
cumference 

L7,L8 24.2 ft H. 27 turns no. 30 (0.25mm) enameled, wound on Philips 

020-91010 toroid core 

T1,T2, Wound on Neosid 1050-1-F14 of Indiana General F684-1 balun 
T3 core. Twist together three T* (180mm) lengths of no. 26 (0.4mm) 
enameled wire and wind 3 turns through 2 holes; connect two 
wires in series for the 200-ohm winding 

fig. 16. 3-30 MHz quadrature phase-shift network. Maximum 
phase error is about 1 Overall loss of this network and that 
of fig. 15 is about 6 dB. 
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100 Hz to 10 kHz. High-fidelity ssb! The circuit is 
shown in fig. 11. Two LM324 quad op-amps are 
used. Each stage is adjusted, using the 47k trimpot, 
to produce a 90° phase shift at the frequencies 
shown. The design values were calculated from data 
published by S. D. Bedrosion, 9 if you're interested in 
getting into heavy phase-shift network design. The 
circuit in fig. 11 has the advantage of having mini¬ 
mal loss. 

Alignment techniques for both circuits in figs. 10 
and 11 involve the use of an audio oscillator and a 
scope, as mentioned above, a phase meter, or a net¬ 
work analyzer. A technique using the oscillator and 
scope is discussed in detail in the references. 

For further reading the article by Wadel° is recom¬ 
mended. An excellent description of simple methods 
for aligning phasing-type ssb exciters is given by Fred 
Johnson. 1 


rf phase-shift networks 

Again, both active and passive phase-shift net¬ 
work designs are available. The networks commonly 
used in phasing ssb designs over the past 30 years 
are illustrated in fig. 12. Popularity seems evenly 
divided among the various circuits with the exception 
of E, the pi network. The RLG circuit in B is simply a 
variation of that in A. Input or output impedances are 
a consideration in all cases; the component values 
are dimensioned to accommodate external circuit 
conditions. 

The networks in figs. 12 A, B, C and D are quite 
simple to set up. Usually, one of the components is 
made variable to provide phase adjustment for final 
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fig. 17. The 7473 1C connected to produce quadrature 
square waves. 


circuit trimming. Extra components may be added to 
account for circuit strays as necessary. 

The first two circuits exhibit an output phase 
characteristic that does not vary with frequency, but 
the relative amplitudes vary markedly either side of 
the design frequency. The circuits in C and D also ex¬ 
hibit the same characteristics, but the impedance 
varies also. The network in C exhibits least variation 
in this respect. Alternatively, another capacitor and 
resistor may be inserted in series with output termi¬ 
nals A and B respectively in the circuit of fig. 12D to 
reduce output impedance variation. 

The technique of using two under-coupled tuned 


circuits, as in fig. 12F, was first popularized in 
reference 11 in 1950 and has been used in several 
phasing ssb transmitter designs since then. In prac¬ 
tice, the two tuned circuits are coupled by 50% and 
80% of critical coupling, and the links are adjusted to 
achieve equal-amplitude output. Secondary tuning is 
adjusted to provide the correct phase shift between 
the outputs. A very complete discussion on theory 
and practical considerations of this technique is 
given by R. W. Martin, VK2AHI. 12 



fig. 18. Digital quadrature-phase rf circuit given by Shubert, 
WA0JYK (reference 15). 


All circuits shown in fig. 12 suffer from three 
disadvantages: 

A. They work only over a narrow range of frequen¬ 
cies and are thus limited to fixed-frequency applica¬ 
tions or operation over bandwidths of 100 to 200 kHz 
at best. 

B. All need periodic realignment as they are subject 
to drift due to environment (temperature, etc.) and 
component aging. 

C. The practical upper-frequency limit is about 15 
MHz at best, depending mostly on strays, external- 
circuit conditions, and component performance. In 
any case, using these circuits above 10 MHz is not 
recommended. 

A technique that has occasional mention in the 
literature, but which I've not yet seen applied, is the 
use of coax cable as a phase-shift element in an ssb 
exciter. An electrical quarter wavelength of coax ex¬ 
hibits a phase shift of 90° at the design frequency 
and will remain within ±1° of this amount over a 
small bandwidth. Coax cables are relatively unaf¬ 
fected by temperature changes that would cause 
marked changes in the circuits discussed so far. The 
low impedance is an advantage in some instances 
(e.g,, where diode-ring balanced modulators are 
used). Amplitude differences between the two out¬ 
puts are not a consideration. This technique is exten¬ 
sively used in antenna phasing applications. 
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fig. 19. Quadrature signals can be generated over a wide 
band by adapting the third method of ssb-signal generation. 


A coax-cable quadrature phase shifter is shown in 
fig. 13. No real theoretical upper frequency limit 
exists for this method, but practical limitations put it 
at about 150 MHz. A coaxial line-stretcher would be 
useful here. A coax-cable quadrature phase-shift net¬ 
work has the same disadvantages as those of the cir¬ 
cuits in fig. 12, only slightly less so. An electrical 
quarter wavelength of coax on 10 MHz is nearly 16.5 
feet (5m) long. This technique is probably best for 
fixed-frequency or narrowband use above about 15 
MHz. Small-diameter cables, such as Microdot, of a 
suitable impedance are best as they are less bulky 
than standard cables such as RG-58/U. 

Passive wideband rf phase-shift networks for ap¬ 
plication in phasing ssb exciters are rare in the 


This circuit, fig. 14, will maintain 90° phase-shift 
and output amplitudes within 0.8 dB between 13.8 
and 14.6 MHz. A bandwidth of 800 KHz isn't 
exactly wideband, but is certainly much better than 
the 100-200 kHz bandwidth of the circuits in fig. 12. 
The trimmer provides phase adjustment. As men¬ 
tioned, Taylor^ used this circuit in a direct conver¬ 
sion receiver, but it could be used in a transmitter as 
well. You could generate ssb signals directly on the 
desired output frequency rather than on a fixed fre¬ 
quency, which requires heterodyning to the desired 
output frequency, as in common practice. 

Real advantages exist when generating ssb signals 
on the desired output frequency. The only spurs to 
contend with are those associated with opposite- 
sideband suppression and with intermodulation 
distortion, both of which must be considered in any 
heterodyning system. 

Then there's the s/mp/ic/ty of the circuitry. A major 
push behind the development of modern 1C circuits is 
the simplicity of the following circuitry; therefore, cir¬ 
cuit simplicity is certainly an advantage. Circuit com¬ 
plexity isn't necessarily synonymous with sophistica¬ 
tion or "the state of the art." 

Quadrature rf phase-shift networks that operate 
over an octave or more in frequency were described 
many years ago. However, you must search the liter¬ 
ature on antennas and circuit theory to find them. 

The network in fig. 15 is through the courtesy of 
Jim Koehlor, VE5FP/VK2BOX, who designed it for a 
circularly polarized antenna system. Two bridge net- 
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fig, 20. Suggested bilaterial direct-conversion phasing ssb generator detector. T1-T4 are wideband rf transformers. T5 T7 are 
audio transformers to suit the audio phase shift network used. A wideband rf transformer may be used instead of the 7-dB pad. 



literature. Richard Taylor, W1DAX, described a cir¬ 
cuit in the Septmember, 1969, issue of QSV 3 used in 
a direct-conversion ssb receiver for 14 MHz. The arti¬ 
cle was reprinted in the ARRL's Single Sideband for 
the Radio Amateur, fifth edition, 1970. 


works each provide 45° phase-shift between 1 and 15 
MHz, resulting in a differential phase shift of 90° over 
that range. Phase error is less than 1°, and the 
amplitude differences between outputs is less than 
0.5 dB over the range. This rf phase-shift network 
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makes direct-conversion phasing ssb generation 
possible and has application in direct-conversion 
receivers. Third-method ssb generation, with output 
directly on any desired frequency between 1 and 15 
MHz, is also a possiblity. 

A network designed to cover 3 to 30 MHz is shown 
in fig. 16. It has characteristics similar to those of 
fig. 15. Input and output impedances of each bridge 
in both networks is 200 ohms. Transformers T2 and 
T3 transform the impedance to 50 ohms, which is 
convenient. 

Although the inputs of each bridge are in parallel, 
making the input impedance 100 ohms, T1 may be 
the same as T2 and T3, as the mismatch has no 
serious effect on network performance. The three 
transformers are constructed as wideband baluns 
having a turns ratio of 2:1. Small toroids or dual¬ 
hole balun cores, such as the Neosid 1050/1 /F14 or 
Indiana General F684-1, are suitable. The input and 
output windings must be isolated. To use dual-hole 
balun core, twist together three 7-inch (180mm) 
lengths of 26 or 30 B£fS or AWG (0.3 or 0.25mm) 
enameled copper wire at about two twists per 3/8 


resonate with the capacitor at the frequency in¬ 
dicated. Each series arm is temporarily connected as 
a parallel-tuned circuit to enable adjustment. This is 
very simply done with grid-dipper and a monitoring 
receiver. Sufficient accuracy is easily obtained. Of 
course, if you have a network analyzer or phase 
meter, the job is a little simpler. 

Wideband active rf phase-shift networks involve 
digital techniques. This technique involves cross- 
coupled JK flip-flops and was described by A. J. 
Turner. 14 The circuit is shown in fig. 17. The upper 
frequency of such circuits is limited by the phase jit¬ 
ter between the two outputs and is somewhat below 
the upper clock speed limit of the device used. The 
clock frequency of the circuit shown in fig. 17 must 
be four times the desired output frequency. 

A circuit that requires a clock frequency only twice 
the desired output frequency is presented in fig. 18. 
This circuit is by G. K. Shubert. 15 

The disadvantage of the digital technique is the 
nonsinusoidal output waveform and the attendant 
harmonics that must be removed. Although these 
may be reduced with simple low-pass filters, extra 
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fig. 21. Another suggested bilateral direct-conversion phasing ssb generator. T1-T4 are wideband rf transformers. T5 is an audio 
transformer chosen for the phase-shift network used. As in the circuit of fig. 20, the 7-dB pad may be replaced by a wideband rf 
transformer. 


inch (10m). Wind three turns through the two holes 
and connect two of the wires in series to make the 
200-ohm winding. If desired, the secondaries of T2 
and T3 may be arranged to drive diode-ring balanced 
modulators directly. 

It's important that coupling between the tuned cir¬ 
cuits in each arm of the bridge, and between each 
bridge, be kept to a minimum. Also, the Q of each 
coil must be at least above 50 or 60. Consequently, 
toroids have been suggested, although standard coil- 
former and screened-can assemblies (with ferrite cup 
cores) have been used successfully. Each arm is con¬ 
structed individually and the inductor adjusted to 


spurs are undesirable. The digital technique has the 
big advantage of requiring no adjustment. 

Another technique for producing broadband 
quadrature rf signals, adapted from third-method ssb 
generation, is suggested by Taylor. 13 A block 
diagram, fig. 19, illustrates this. However, its relative 
complexity puts this technique at a disadvantage. 

The networks in figs. 15 and 16 and the circuits in 
figs. 17 and 18 may be used for direct-conversion 
generation or reception of ssb signals using either the 
phasing method or the third-method as already men¬ 
tioned. Indeed, it should be possible to build a 
passive phasing exciter using a combination of the 
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techniques discussed. The third method produces 
superior performance with regard to opposite side¬ 
band and carrier suppression than either the phasing 
or filter techniques. 

Fig. 20 shows a suggested bilateral direct- 
conversion phasing-type ssb generator/detector. It 
may be possible to use all-passive techniques. The 
audio phase-shift network may exhibit too much loss 
for successful operation and the bilateral feature of 
the circuit may be impossible to realize. T1, T2, T3, 
and T4 are wideband rf transformers as suggested 
previously. T5, T6, and T7 are audio transformers to 
suit the audio phase-shift network. A 7-dB resistive 
pad may be used to isolate the local rf input. 
Alternatively, a wideband transformer may be 
substituted. 

Fig. 21 is a somewhat simpler circuit using series- 
bridge-diode balanced modulators instead of the 
ring-diode balanced modulators. Comments similar 
to those for fig. 20 apply. Performance may not be 
quite as good as the previous circuit, but the simplic¬ 
ity may be an advantage. The phasing of the sec¬ 
ondaries of T3 and T4 in both circuits is important. 
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RTTY test generator 


Construction details 
for the Digiratt 
R/Y generator 
that can be used 
with the 
Digiratt afsk generator 
or as a stand-alone accessory 

The Digiratt R/Y test generator is a companion unit 
to the original Digiratt precision AFSK generator and 
phase-locked-loop terminal unit featured in an earlier 
issue of ham radio magazine (September, 1977); it 
can be used with that unit or as a stand-alone ac¬ 
cessory for RTTY enthusiasts. 

While it would be simpler, from a design stand¬ 
point, to use a PROM (Programmable Read Only 
Memory) as the heart of the unit, I decided not to go 
this route for two reasons. First, few hams possess 
the required equipment necessary to program the 
PROM. Second, few people have the patience to do 
the programming. I also thought that more people 
would be interested in building a unit which used 
readily obtainable ICs. Those who do build the com¬ 
plete unit will have a non-mechanical device which 
generates 64 RYs, a carriage return, and a line feed. 

The Digiratt R/Y generator is an eleven 1C, TTL- 
based device for generating the 5-level Baudot code. 
It has on-board encoding for automatic sequential 
generating of the Baudot code necessary to print the 
letters R and Y. Additionally, encoding Is provided 
for carriage return and line feed code generation. 
Logic is provided which keeps track of the number of 
characters printed and steers the output port to 


select either the RY message, carriage return (CR) or 
line feed (LF) code. 

The unit was designed in such a way that by con¬ 
structing only that portion of the schematic (fig. 1) 
enclosed by the dashed line, an RY generator only, 
can be built which deletes the CR and LF provisions. 
If this is done, the unit will print RYs continuously 
without regard to line length. Additionally, provision 
is made for "normal" and "inverted" output data to 
key transmitters with either mark high or space high 
signals. Finally, the unit is designed to operate at 
slightly less than the full 60 wpm. Older Teletype 
machines and those slightly out of adjustment should 
be able to copy the test message with little difficulty. 

shift registers 

Before examining the details of the schematic 
diagram (fig. 1), the basic operation of a shift 
register should be understood. The SN74165 
registers used in this design are capable of changing 
an 8-bit parallel data bus into a serial stream of 
pulses. The parallel information is first loaded into 
the registers by the application of the load data 
pulse. Next, for each clock pulse that is received the 
bit pattern is serially shifted one register to the right. 
In this way, at the end of eight clock pulses the entire 
8-bit data pattern is now in a serial form. By hard¬ 
wiring the parallel input ports to a known pattern, a 
specific character, in this case CR and LF, can be 
generated. The hardwired pins, from right to left, or 
the first to last bit out are, 6, 5, 4, 3, 14, 13, 12, 
and 11. 

The Baudot code used for Teletype is composed of 
5 either mark or space conditions. Different combina¬ 
tions of the marks and spaces represent the actual 
letters, symbols, and functions. In addition to the 
first 5 bits, a start mark precedes the actual informa¬ 
tion. Finally, a stop pulse is used to indicate the end 
of the character. For the RY test generator I've com¬ 
bined the last two bits from the shift register into a 

By John Loughmiller, WB9ATW, Route 1, 
Box480C, Borden, Indiana 47106 
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slightly longer than normal stop pulse, 44 vs 31 ms. 
While this will slightly reduce the speed of the 
machine, it insures that older machines will print cor¬ 
rectly. 

circuit description 

(J1 is the dock pulse generator and, as such, is the 
heart of the system. The output from pin 3 provides a 
pulse train with a 45.45 hert 2 rate which is applied to 
the clock inputs of shift registers U4, U9, and U10. 
These pulses are also applied to pin 4 of U2 which 
divides the rate by a factor of eight (5.68). The divid¬ 
ed signal then becomes the load data pulse for the 
shift registers. 

To generate the required pulse configuration for 
the CR and LF functions, the eight parallel inputs of 
the shift register are hardwired to either 1 or 0. Initial- 
ly, the load data pulse loads this hardwired informa¬ 
tion into the shift register. Each clock pulse then 
shifts the information one position. On the eighth 
pulse, new information is again entered into the shift 
register. Every eight pulses you will have a complete 
bit pattern available for use. 

In addition to functioning as the load data pulse, 
the 5.68 hertz pulse rate is inverted and then used to 


clock U5, U6, and U7. U5 is a J-K flip-flop that will 
alternately change the hardwired pattern of the RY 
shift register. In this way, the shift register will pro¬ 
duce an R and then a Y as the 1C toggles. U6 and U7 
are wired to divide by the fixed rate of 66. And, with 
the addition of U8, are the basis for producing the 32 
RYs and the CR, LF on each fine. 

With the count initially at 66, a CR is generated, 
count 65 produces a LF with RYs being produced on 
the rest of the counts. At the end of the count cycle, 
the counters are preset to 66 and then start 
decrementing again. The actual selection of the RY, 
CR and LF bit pattern is done by a 4:1 multiplexer, 
U11. The signals from U8 determine which pattern is 
selected as the ultimate output. 

Switch SI is used as a manual reset to ensure that 
each fine starts with an R. Normally, the reset is per¬ 
formed after the counter decrements down from 66. 
Holding the switch closed will result in continuous 
CRs being sent. This technique is not recommended 
if 74LS series ICs are used. 

construction 

The construction of the RY test generator is non- 
critical. The only special precaution that should be 



fig. 1. Schematic diagram of the RY test generator. The position of the jumper wilt permit you to select either inverted or normal 
RY information. A suitable loop keyer is shown in fig. 1, ham radio, September, 1977, page 27. 
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451. Bolometer/thermistor mount available 
with purchase. $45.00 

Audio Compressor AN/GSA-33 - 
Five identical plug-in compres¬ 
sor amps with power supply in 
19 inch rack, all solid state, 

6000 in & out, great for auto 
patch and phone patch. Weighs 

less than 30 lbs. Built like a battleship. $34.95 




RECEIVERS 

Collins 651F-1, 2 to 30 MHz in 100 cycle steps, digital tuning, 
USB/LSB/ISB. Stability: 1 part in 10 G . Completely remote 
controlled, with all racks, connectors, control head. $1400,00 

R-388/51J — Collins 0.54 to 31 MHz $375.00 

R-390A — 0.54 lo 31 MHz, overhauled complete $595.00 

SPECIAL! R-390 with CV591 SSB Converter and outboard audio 
amp. All in neat 19" rack. Special! $500.00 

RACAL Model 6217A, 980 kHz. 3? MHz, All Solid Slate, takes 
about 3 inches of rack space, digital tuning $1600.00 

LTV Gill Panoramic Recvr includes CRT display, 100-150 MHz 
with converters. Will make a fine spectrum analyzer. $150.00 


a □ * 

A —1,9 TMR5 

^“i“ ' 


with front end plug-ins 
105*140 MHz and 200-260 MHz. 


to cover 
$250.00 


CEI typo 415, 60-250 MHz, all solid stale, modular constr., xtal 
controlled, 4 channels. Incredible value. $85,00 

SR-13A, 2 to 30 MHz, good condition. $285.00 


TEST EQUIPMENT 

Frequency Counter, LTV Model G-195, all solid-state $195.00 

Tektronics 545, several |o choose from, $175 to $375, de¬ 
pending upon condition: call or write. 

ANOTHER MICROWAVE GOODIE: 2.2 KMc Solid State Trans¬ 
ponder — includes circulator, balanced mixer, LO (SMA 
connectors alone worth the price). $34.95 

HP608D, 10*420 MHz. $425.00 

Crystal Detectors, HP-423A or equivalent. $25.00 

TRM-3 Signal/Sweep Generator with built-in display, 10 to 420 
MHz (actually contains HP-608A). $325.00 


TRANSMITTERS 

PAL-1K, one kilowatt output linear amplifier, 2 32 MHz con¬ 
tinuous, with all power supplies and manual; unil requires 
only 100-mW drive, uses 8295 final, vacuum-variable tuning, 
complete metering. A real buy . . . $550.00 

GPT-750 Transmitter mid. by the Technical Material Corp., 2 
lo 32 MHz, CW/USB/LSB/ISB. one KW lo the antenna. 24 
hrs. a clay if you're so inclined — with documentation, fair 
condition, built like a battleship. $375.00 

Standard T/T pad mounted in 
a sturdy steel case incl. 2 vol¬ 
ume pots & 1 push button 

labeled "Stereo'* • Also has 2 
phone jacks for headphones, 
microphone, etc. Will make a 
fine control head. $24.95 

T/T Decoder Board — This 
board was removed from a 
language lab remote control 
syslem. You draw the sche¬ 
matic (because there wasn't 
one with the board). $34.95 


Inductuners, mfd by Mallory, 6 turn, 4 stage, P/N 446T001, 
Brand New. $25.00 ea. 

Wanted: Cables. Accessories, Test Set, etc. for RT400/ARC65, 
Especially Radio Set Control, C-1210/ARC-21. 




DISC-CAP, 19075 BRAEMORE RD. 

NORTHRIDGE, CA. 91326 213-360-3387 

Cal. Residents - add Slate Sales Tax. Unfortunately, Disc-Cap 
can only service U. S. customers. 



fig. 2. Component placement diagram for the board sup¬ 
plied by Circuit Specialists. 


observed is to install the V cc bypass capacitors on the 
board with the ICs (fig. 2). In extreme cases of rf 
interference, you may have to install additional 
bypass capacitors on the ICs. The power supply can 
be based on the popular LM309 with adequate heat 
sinking. 

The first portion that should be assembled is in¬ 
dicated by the dotted line in fig. 1.* This portion will 
send a continuous stream of RVs. R1 should be ad¬ 
justed to have the oscillator running at 45.45 Hz. If a 
counter is not available, R1 can be adjusted until the 
machine starts to print correctly. 


*A drilled and platod circuit board is available from Circuil Board 
Specialists, Box 969, Pueblo, Colorado 81002 for $6.50. A complete kit of 
parts is also available from Circuit Specialists for $22.00, 
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microwave bibliography 


If you’re interested 
in trying microwaves, 
but don’t know 
where to start, 
this bibliography 
of amateur microwave articles 

will get you off 
on the right foot 

Many amateurs have expressed an interest in 
microwave communications, but the techniques at 
microwave frequencies are considerably different 
than those used at vhf and uhf, so many amateurs 
don't know where to start. The following 
bibliography was prepared with this in mind. Far 
more good microwave information is documented in 
the amateur radio publications than is generally 
realized. Also included is a number of excellent 
books on the subject, as well as a short list of articles 
in other publications which are especially useful to 
the amateur microwave enthusiast; these publica¬ 
tions can often be found in a local library. 

If you're looking for the maximum amount of 


microwave information in the least amount of spact 
obtain a copy of the 3rd edition of the RSGB'i 
VHF/UHF Manual and read Chapter 3 — it contains 
more amateur microwave data per page than any 
other single publication. 

In the field of microwave textbooks, there are a 
great many which are of limited use to amateurs; 
those books are not listed in the following 
bibliography. Microwave books which are listed in 
the bibliography were chosen because they had 
something to offer to the amateur microwave en¬ 
thusiast. Lance's Microwave Measurements , for ex¬ 
ample, is an excellent introduction to microwave 
techniques for those readers who are looking for the 
non-mathematical approach. Microwave Transmis¬ 
sion Design Data is a paperbound reference which 
covers many microwave subjects but is especially 
valuable for its explanation of circular waveguides. 
Very High Frequency Techniques is a compilation of 
a number of experiments from which the amateur 
can obtain cavity design information and practical 
transmission line information for new designs. The 
book, Principles and Applications of Waveguide 
Transmissions, provides excellent coverage of 
transmission lines and conical antenna design. 

Microwaves are really simple, when you get to 
know them, and microwaves are far superior to the 
lower frequencies for line-of-sight point-to-point 
communications. Microwaves are also an ex¬ 
perimenter's paradise, and far less expensive than 
432 MHz was fifteen years ago — and much more 
satisfying. Microwave is one area where amateurs 
can still contribute to the art of radio communica¬ 
tions — the following bibliography will head you in 
the right direction. 

By Cliff Buttschardt, W6HDO, 1488 Warner 
Street, Chico, California 95926 
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ham radio magazine 

Adams, F. E., W6BPK, "Pogo Stick for Reflex 
Klystrons,” ham radio, July, 1973, page71. 

Fisk, J. R., W1DTY, "'Simple Untuned Crystal 
Mount,” ham radio, June, 1968, page 68. 

Fisk, J. R., W1HR, "Solid-State Microwave RF 
Power Generators,” ham radio, April, 1977, page 10. 

Foot, N. J., WA9HUV, "Narrow-band Solid-State 
2304-MHz Preamplifiers,” ham radio , July, 1974, 
page 6. 

Foot, N. J., WA9HUV, ”2304 MHz Power 
Amplifier,” ham radio, February, 1975, page 8. 

Franke, J. M., WA4WDL, "Marker Generator for 
3cm Amateur Band,” ham radio , June 1969, 
page 69. 

Franke, J. M., WA4WDL, "Finding the Focal Length 
of Surplus Microwave Dish Antennas," ham radio, 
March, 1974, page 57. 

Franke, J. M., WA4WDL, "Waveguide Klystron 
Cooler," ham radio, October, 1974, page 64. 

Franke, J. M., WA4WDL, "Dielectric Antenna for 
10 GHz,” ham radio. May, 1975, page 79. 

Franke, J. M,, WA4WDL, "Microwave Frequency 
Doubler," ham radio, March, 1976, page 69. 

Franke, J. M., WA4WDL, and Cohen, N. V., 
WB4LJM, "Simple 10-GHz Antenna," ham radio, 
May, 1977, page 40. 

Jackson, H., K7PMY, "New DX Record for 40,000 
MHz," ham radio, December, 1968, page 70. 

Kolbly, R. B., K6HIJ, "Standards for Amateur 
Microwave Communication," ham radio , January, 
1969, page 54. 

Kolbly, R. B., K6HIJ, "Low-Cost Microwave Anten¬ 
na,” ham radio , November, 1969, page 52. 

Kowhler, J. A., VE5FP, "Proportional Temperature 
Control for Crystal Ovens," ham radio, March, 1972, 
page 16. 

Laakman, P., WB6IOM, ”A Large Homebrew 
Parabolic Reflector," ham radio, August, 1969, 
page 8. 

Roubal, W. T., "Getting Started in Microwaves," 
ham radio, June, 1972, page 53. 

Stanton, W., K2JNG, and Moser, D., WA2LTM, 
"Solid-State 2304-MHz Converter,” ham radio, 
March, 1972, page 16. 

Tillitson, G., K6MBL, "Microwave Polaplexer 
Design," ham radio, March, 1977, page 40. 


Vilardi, D., WA2VTR, "Solid-State 2304-MHz 
Preamplifier," ham radio, August, 1972, page20. 

Wade, P. C., WA2ZZF, "High Performance 
Balanced Mixer for 2304 MHz," ham radio, October, 
1975, page 58. 

QST 

Badger, G., W6RXW, "An Introduction to the 
Klystron," QST, August, 1961, page 11. 

Baird, W. H., W6VIX, "A Radio Club for Microwave 
Enthusiasts," QST, December, 1957, page45. 

Biancomano, V., WB2EZG, "A Prototype Pulse- 
Code Modulation System," QST, January, 1977, 
page 24. 

Bray, D. W., K2LMG, and Kirchuwer, P. H., 
W2YBP, "Antenna Patterns from the Sun," QST, 
July, 1960, page 11. 

Bredon, A. D., W6BGK, "Let's go Microwave," 
QST, June, 1958, page 11, 

Fisher, R. E., W2CQH, "Interdigital Converters for 
1296 and 2304 MHz," QST, January, 1974, page 11. 

Goodman, B., W1DX, "A 2400-Mc Oscillator 
Cavity," QST, October, 1947, page 65. 

Guba, R. F., W1QMN, "Pulse: A Practical Tech¬ 
nique for Amateur Microwave Work, Part 1," QST, 
February, 1963, page 11. 

Guba, R. F., W1QMN, "Pulse: A Practical Tech¬ 
nique for Amateur Microwave Work, Part 2," QST, 
March, 1963, page 26. 

Guba, R. F., W1QMN, "Pulse: A Practical Tech¬ 
nique for Amateur Microwave Work, Part 3," QST, 
April, 1963, page 31. 

Guba, R. F., W1QMN, "Pulse: A Practical Tech¬ 
nique for Amateur Microwave Work, Part 4," QST, 
May, 1963, page 58. 

Hatherell, G. A., K6LK, "Putting the G-Line to 
Work," QST, June, 1974, page 11. 

Jensby, W., WA6BQO, "Stable Microwave 
Oscillators,” QST, July, 1966, page 33. 

Knadle, R. T. Jr., K2RIW, "A Twelve-Foot Stressed 
Parabolic Dish," QST, August, 1972, page 16. 

Kolby, D., K6HIT and Munn, E., W60YJ, 
"Microwave DX •— California Style," QST, 
September, 1970, page 88. 

May, L., W5AJG/W5HN and Lowe, B., 
K4VOW/WA5UVM, "A Simple and Efficient Mixer 
for 2304 MHz,” QST, April, 1974, page 15. 
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McGregor, J. A., W2RIM, ''Dishing out the 
Milliwatts on 10 KMc," QST, February, 1947, 
page 19. 

Merchant, R. # W2LFG, and Harrison, A. E., 
W6BMS, "Duplex phone on 5300 Megacycles," 
QST , January, 1946, page 19. 

Peterson, K. E., K3KRU, "Practical Gear for 
Amateur Microwave Communication," QST, June, 
1963, page 17. 

Petit, R. C., W7GHM, "Coherent CW — Amateur 
Radio's New State of Art," QST, September, 1975, 
page 26. 

Prechtel, C. J., W8DRR, "Experimental Transceivers 
for 5600 Me," QST, August, 1960, page 11. 

Sharbaugh, A. H., W1NUL/2 and Watters, R. L. f 
W9SAD/2, "Our Best DX - 800 Feet," QST, 
August, 1946, page 19. 

Sharbaugh, A. H., W1NUL/2 and Watters, R. L, 
W9SAD/2, "The World above 20,000 Megacycles," 
QST f May, 1959, page 11. 

Smith, B., W5TUB, "Simple Approach to2300-MHz 
Space Reception," (The World Above 50 Me), QST, 
March, 1974, page 88. 

Sumner, D., K1ZND, "How to Promote Microwaves, 
British Style," QST, November, 1976, page 71. 

Tilton, E. P., W1HDQ, "To the Moon and Back on 
2300 MHz," QST, July, 1969, page 54. 

Vilardi, D., WA2VTR, "Simple and Efficient Feed for 
Parabolic Antennas," QST , March, 1973, page 42. 

Wilson, P. M., W4HHK and Knadle, R. T. Jr,, 
K2RIW, "Houston, This is Appollo," QST, April, 
1971, page 34. 

Zimmer, J., W2BVU, "225 Miles on 2300 MHz," 
QST, February, 1969, page 53. 

"Preview — DX Contest high 'Phone Scores," QST, 
June, 1954, page 54. 

CQ Magazine 

Harris, F. S., W1FZJ, "A 3800 Me Crystal 
Oscillator," (VHF Column), CQ, September, 1958, 
page 102. 

Harris, F. S., W1FZJ, "The Parametric Amplifier," 
CQ, November, 1958, page 74. 

Katz, A., K2UVH, "Simple Parabolic Antenna 
Design," CQ, August, 1966, page 10. 

Kretzman, B. H., W2JTP, "Microwave and the 
Amateur," CQ, August, 1967, page 53. 

Massey, W., W4EXL, "A Coax Wavemeter for 
300-2000 Me," CQ, February, 1960, page 40. 


Schauers, C. J., W4VZO, "Klystron Discussion," 
(Ham Clinic), CQ, September, 1963, page 66. 

73 Magazine 

Hoisington, B., K1CLL, "The World of X-Band," 73 
Magazine, March, 1973, page 33. 

Olbert, S. M., W1SNN, "Mobile Smokey Detector," 
73 Magazine, Holiday issue, 1976, page 32. 

"The Reach for Higher Frequencies," ( Lenkurt 
Demodulator, October, 1969), Reprinted in April, 
1971 issue, 73 Magazine, page 34. 

Radio Communications 

Burt, G., GM30XX, "The GM30XX portable 3cm 
Transceiver," Radio Communications, June, 1975, 
page 450. 

Evans, D. S., G3RPE, "Gunn diodes at 10,000 
MHz," (Microwaves column). Radio Communica¬ 
tions, April, 1971, page 271. 

Evans, D. S., G3RPE, "A Gunn-diode power supply 
unit and modulator," Radio Communications, 
March, 1972, page 158. 

Evans, D. S., G3RPE, "A Wideband 30 MHz i-f 
amplifier stroke detector," Radio Communications, 
July, 1972, page 430. 

Evans, D. S., G3RPE, "A Self-calibrating wavemeter 
for 3cm," (Microwaves column). Radio Communica¬ 
tions, February, 1973, page 106. 

Evans, D. S., G3RPE, "Operating in the new 24 GHz 
(12mm) band," (Microwaves column), Radio Com¬ 
munications, March, 1973, page 192. 

Evans, D. S., G3RPE, "Putting together waveguide 
equipment," (Microwaves column), Radio Com¬ 
munications, October, 1973, page 692. 

Evans, D. S., G3RPE, "Practical 10-GHz Gunn 
Oscillators," Radio Communications, May, 1974, 
page 288. 

Evans, D. S., G3RPE, "The 1-3 GHz Band," 
(Microwaves column), Radio Communications, 
November, 1975, page 852, 

Evans, D. S., G3RPE, "Gunn diode Power Supply 
Units," (Microwaves column), Radio Communica¬ 
tions, December, 1976, page 919. 

Wakeman, A., G3EEZ, "A Simple 3cm Polaplexer," 
Radio Communications, November, 1970, page 752. 

other publications 

Myers, F. A., "Gunn Effect Technology — Diodes," 
Microwave Systems News, April/May, 1975, 
page 67. 
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Myers, F. A., and Foster, W., "Gunn Effect 
Technology — Oscillators," Microwave Systems 
News, August/September, 1975, page 83. 

Myers, F. A., and Foster, W., "Gunn Effect 
Technology — Tuning and Temperature Effects," 
Microwave Systems News, October/November, 
1975, page 57. 

"The Reach for Higher Frequencies," Lenkurt 
Demodulator, October, 1969. 

"Anomalous Propagation," Lenkurt Demodulator , 
July/August, 1975. 

recommended microwave books 

Evans, D. S., G3RPE, and Jessop, G. R., G6JP VHF- 
UHF Manual, 3rd edition, Radio Society of Great 
Britain, London, 1976. 

Ginzton, E. L., Microwave Measurements, McGraw- 
Hill, New York, 1957. 

Lance, A. L., Introduction to Microwave Theory and 
Measurements, McGraw-Hill, New York, 1964. 

Mattaei, G., Young, L., Jones, E., Microwave 
Filters , Impedance-Matching Networks and Coupling 
Structures, McGraw-Hill, New York, 1964. 

Montgomery, C, G., Techniques of Microwave 
Measurements, (MIT Radiation Lab Series), 
McGraw-Hill, New York, 1947. 

Montgomery, C. G., Dicke, R. H., and Purcell, E. 
M., Principles of Microwave Circuits, (MIT Radiation 
Lab Series), McGraw-Hill, New York, 1947. 

Moreno, T., Microwave Transmission Design Data, 
Dover Publications, New York, 1958, especially 
pages 120-122 and 126-129. 

Reich, H. J., Very High-Frequency Techniques, Har¬ 
vard Radio Research Laboratory, Boston Technical 
Publishers, Cambridge, Massachusetts, 1965. 

Shrader, R. L., Electronic Communications, 3rd 
edition, McGraw-Hill, New York, 1975, Chapter 26, 
"Microwaves." 

South worth, G. C., Principles and Applications of 
Waveguide Transmission, Bell Laboratories, New 
Jersey, 1966, especially pages 415-419. 

Thomas, H. E., and Clark, C. A., Handbook of Elec¬ 
tronic Instruments and Measurement Techniques, 
Prentice-Hall, Englewood, New Jersey, 1967. 

Wheeler, G. J., Introduction to Microwaves, 
Prentice-Hall, Englewood, New Jersey, 1963. 

Reference Data for Radio Engineers , 5th edition, In¬ 
ternational Telephone and Telegraph, Howard A. 
Sams, Indianapolis, 1969. 
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fig. 2. GaAs fet chip structure as seen by a scanning elec¬ 
tron microscope. 


amplifiers, and at even higher frequencies as oscilla¬ 
tors. And this performance is obtained at low supply 
voltages, 3 to 12 volts. 

At present, it is as low-noise amplifiers that GaAs 
fets really shine. Available noise figures were 
previously only obtainable with the best parametric 
amplifiers and MASERs. For instance, some GaAs 
fets offer noise figures under 2 dB at 4 GHz, and 
under 4 dB at 12 GHz. A few of these devices are 
finding their way into amateur hands; at the recent 
Eastern VHF/UHF Conference, K2UYH's 432-MHz 
preamp, using a NEC V244 GaAs fet, had a measured 
0.8 dB noise figure! However, the prices for these 
devices, while dropping, are still rather steep. 

Power GaAs fets are newer, but are also showing 
respectable performance. Devices are commercially 
available with 1 watt output up to 8 GHz, and more 
than 6 dB power gain. Since these are linear devices, 
unlike bipolar microwave transistors, the power and 
gain are specified at the standard 1 dB compression 
point. 



fig. 3. GaAs fet chip flip-chip mounted in package. 


One problem with power GaAs fets is adequate 
heat sinking, since gallium arsenide has a thermal 
conductivity much lower than silicon. Normally, 
planar transistors are fabricated with the active area 
up and the heat is conducted through the bulk 
semiconductor material underneath. With power 
GaAs fets, however, some manufacturers are using 
an inverted mounting technique, with the source 
metallization attached directly to ground, as shown 
in fig. 3. This technique not only halves the thermal 
resistance, but also reduces the source inductance, 
which improves stability. 

Investigation of GaAs fets as oscillators has only 
begun recently. To date, we have obtained as much 
as 0.6 watt output at 9 GHz from an oscillator. The 
highest frequency oscillator we have made so far was 
at 17.1 GHz, where we obtained 100 milliwatts from 
the waveguide oscillator shown in fig, 4. 

precautions 

GaAs fets also have a reputation for being fragile, 
but all new semiconductor devices pass through this 
stage; they inevitably become more rugged as better 
manufacturing techniques are developed. The latest 



fig. 4. A GaAs fet 17-GHz waveguide oscillator. 


GaAs fets are damaged only by excess voltage or ex¬ 
tremely high temperature (>300°C). An excessive 
voltage applied between the source and drain causes 
a bulk breakdown, which unlike avalanche 
breakdown in a transistor, is irreversible. With the 
addition of protective zener diodes, however, GaAs 
fets are as rugged as most microwave semiconductor 
devices. 

It may seem that GaAs fets are too rare, exotic, 
and expensive for amateur use, but many new 
devices started out this way. Then, radio amateurs 
like K2UYH, who needs the improved low-noise per¬ 
formance for his moonbounce work, began using 
them. Finally, after a few years, price and availability 
become more reasonable and formerly exotic devices 
come into general usage. This may or may not hap¬ 
pen with GaAs fets, but amateursshould keep an eye 
on new technologies for the future. 

* All photographs courtesy Microwave Semiconductor Corporation. 

ham radio 


january 1978 ES 75 



new op amp 


challenges the 741 


The new CA3140 1C op amp 
from RCA features a 
high-impedance 
mosfet input stage, 
improved slew rate, 
and wider frequency response 
at comparable cost 
to the popular 741 

For several years the 741 op amp 1C has been the 
popular workhorse for both industrial and hobbyist 
circuit designers. Why? Because it's inexpensive and 
simple to use. Of course, its slew rate isn't too great, 
and its input bias current isn't anything to write home 
about, but what do you expect for twenty-five cents? 

Now there's another op amp 1C on the market 
which I think deserves as much attention as the 741; 
it's the new RCA CA3140. Like the 741, it requires no 
external frequency compensation components, and 
its output is short-circuit proof. Its pin configuration 
is the same as the 741, and RCA claims the CA3140 is 
a direct plug-in replacement for the 741 in most ap¬ 
plications. 

So, what's so special about the CA3140? For 
openers, it has mosfet input transistors (diode pro¬ 
tected) which means you can use much higher value 
resistors in the input circuit without worrying about 
their effect on output offset voltage. Another big ad¬ 
vantage is that the slew rate of the CA3140 is an 
order of magnitude faster than that of the 741. Sup¬ 
ply voltage range for both op amps is the same; ± 2 
to + 18 volts. 

Now for the price. At this writing, it's available in 
an 8-pin TO-5 can for 80 cents in small quantities. It is 
reported that it will soon be available in the popular 8- 
pin minidip plastic package for 72 cents. The slight 
difference in cost as compared to the 741 seems very, 
reasonable for the higher performance of the 
CA3140. 


Table 1 lists some important parameters for both 
the 741 and the CA3140, so you can quickly see what 
you're getting for your money. Specs given are for 
the commercial versions. 

The big differences between the two op amps are 
clearly input resistance and bias current, and slew 
rate. Typical curves for the devices show that max¬ 
imum output voltage swing for the 741 is flat out to 
10 kHz before it starts falling off at higher frequen¬ 
cies, while the CA3140 is flat out to 100 kHz. Fig. 1 
shows a block diagram of the CA3140, and fig. 2 
shows the schematic diagram. 

a disadvantage 

There is one point on which the 741 is superior to 
the CA3140: the 741 will drive a lower resistance load 
than the CA3140 will. My experience shows that 
severe clipping of the output occurs on negative 
peaks when the load resistance on the CA3140 is 
1200 ohms. If the load resistance is increased to 2000 
ohms, this problem disappears. The 741 output cir¬ 
cuit is a complimentary npn-pnp emitter follower, 



fig. 1. Block diagram of the new RCA CA3140 op amp 1C 
which is a direct plug-in replacement for the popular 741 
in most applications, but features a mosfet input stage for 
high input impedance. 

while the CA3140 has an npn emitter follower with a 
current source in the emitter circuit. 

application 

Since the input current to the CA3140 is so low, 
many megohms of unbalanced resistance may be 

By Courtney Hall, WA5SNZ, 7716 La Verdura 
Drive, Dallas, Texas 75248 
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table 1. Specifications of the 741 and RCA CA3140 op amp ICs, 
compared at +25°C. 

parameter 

741 

CA3140 

units 

Input resistance (typical) 

2.0 

1.5x 10 6 

megohms 

Input bias current (max) 

500,000 

50 

picoamps 

Input offset voltage (max) 

6 

15 

millivolts 

Slew rate (typical) 

0.5 

9 

volts //is 

Large signal voltage gain (min) 

20,000 

20,000 

volts/ volt 

Output resistance (typical) 

75 

60 

ohms 

Power supply rejection (max) 

150 

150 

n volt/volt 

Common mode rejection ratio (min) 

70 

70 

dB 


used in the input circuit with no appreciable dc out¬ 
put offset due to bias current. Consider the circuit of 
fig. 3. The inverting input terminal sees a parallel 
equivalent resistance of 10 megohms. Since the 
maximum input bias current is 50 pico-amperes 
(0.00005 microamp}, the offset voltage due to bias 


current will be no more than 0.5 millivolt. Therefore, 
for most applications, you can use just about any 
resistor network you choose on the input and forget 
about its effect on the offset voltage. 

I took advantage of this feature of the CA3140, 
plus its high slew rate, to build the simple Wien 
bridge sine wave generator shown in fig. 4. Both ICs 
are CA3140s. U1 is the oscillator, and U2 provides a 
constant 600-ohm output impedance, regardless of 
the amplitude setting. 

The resistor network at the output lets U2 see a 
load resistance of 2000 ohms when the output ter¬ 
minals are connected to a 600-ohm load; it also 
causes the output terminals to look like a 600-ohm 
source. Maximum output amplitude into a 600-ohm 
load is about one volt rms. 

Frequency range of the Wien bridge oscillator is 30 


INPUT STAGE sec OHO STASe OUTPUT STAGE 



fig. 2. Schematic of the RCA CA3140 op amp 1C with diode-protected mosfet input stage. As compared to the 741 op amp, the 
CA3140 offers higher input impedance and improved slew rate. Typical specifications for the two devices at room temperature 
are listed in table 1. 
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Hz to 100 kHz and is flat within 0.5 dB, due to the ex¬ 
cellent gain control characteristic of the thermistor in 
the feedback circuit of U1. The 10k pot is adjusted 
for best waveform. Total harmonic distortion is less 
than 0.5 per cent at all frequencies. Cl and C2 is a 
two-gang 450-pF air variable. Its frame must be in¬ 
sulated from ground; I mounted it on a piece of plexi¬ 
glass and used an insulated shaft coupling to con¬ 
nect it to the dial. A trimmer capacitor is needed to 


not* 



fig. 3. Maximum dc offset of this circuit due to bias current 
is 0.5 millivolt. 

balance out stray capacitance from the capacitor 
frame to ground. 

a word of caution 

The input bias currents given above are for +25°C 
ambient temperature (room temperature}. As 
temperature increases, the input bias current of the 
CA3140 will approximately double for each 10°C rise. 



fig. 4. Wien bridge sine-wave oscillator using two RCA 
CA3140 op amps covers 30 Hz to 100 kHz with Jess than 0.5 
per cent total harmonic distortion. The 10k pot is adjusted 
for best waveform. Capacitor Cl and C2 is a two-gang 450- 
pF variable with its frame isolated from ground. Maximum 
output into a 600-ohm load is about 1 volt rms. 

At ■f125°C, its value will be roughly 1000 times 
greater than at room temperature. Input bias current 
for the 741, however, actually decreases as 
temperature rises. 
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microprocessors: 
a microprocessor 
controlled CW keyboard 


Now that the microprocessor has made the 
homebrew computer possible, its popularity should 
tend toward dedicated applications in amateur radio. 
In this article, a preprogrammed microcomputer is 
designed to function as a Morse Code keyboard with 
extra features providing the utmost in flexibility. This 
project is an attractive alternative to its discrete 
equivalent with numerous gates, flip-flops, binary 
counters, and diode matrices. 

The code computer was designed around the 
MCS-6504 microprocessor by MOS Technology. The 
other devices connected to the processor chip com¬ 
prise a software simulation of a discrete logic system. 
The software for this project was developed and 
debugged with the aid of a KIM-1 microcomputer. 
After the program was working to my satisfaction, 
the source listing for the software package was 
transferred to the 1702A EPROMs for permanent 
storage. Thus, the system is running upon applica¬ 
tion of power. 

However, this system does more than synthesize 
Morse code from an ASCII keyboard. It also provides 
control functions, for operator convenience, which 
are unheard of in similar units of discrete design. The 
features of this system are: 

1, Variable code speed, 5 to 99 wpm range. Code 
speed is entered digitally from the numeric keys on 
the keyboard. 

2. 256-character first-in-first-out (FIFO) buffer 
memory. This allows the operator to type faster than 


the machine is sending. At 10 wpm, it's possible to 
get five minutes ahead of the machine. 

3. Automatic character spacing. Word spacing is 
provided by the operator's depressing the SPACE bar 
on the keyboard. 

4. 64-character auxiliary buffer for storing repeated 
messages like CQ or call-up sequences. Data can be 
entered into the auxiliary buffer without causing in¬ 
terference to the FIFO. 

5. BACKSPACE command. A backspace routine is in¬ 
cluded in the software for FIFO error correction, and 
operates like the BACKSPACE key on a typewriter. 
For ASCII keyboards without a BACKSPACE key, 
CONTROL H can be used. 

6. Automatic default. Illegitimate control characters 
are ignored by the program to prevent a software 
lock-up condition. Control characters are used for 
code speed entry, auxiliary buffer data entry, aux¬ 
iliary buffer data transfer to FIFO, and backspacing. 

7. TRANSMIT/RECEIVE output. This reed output 
automatically switches your transceiver from receive 
to transmit when you begin typing. The rig will stay 
on the air until the FIFO is empty. 

8. Warning lights. Two indicator lamps are provided 
to prevent the operator from filling the FIFO to the 
OVERFLOW point. Lamp 1 lights when there are less 
than 64 character spaces left in the FIFO. Lamp 2 
(condition red) turns on when the operator is within 
16 characters of OVERFLOW. 

9. FIFO full output. This signal from U13 goes to a 
logic 1 when the condition red lamp goes on. It stays 
high until the condition yellow lamp turns off. This 
output can be used to control a paper tape reader. 

By James W. Pollock, WB2DFA, 6 Terrace 
Avenue, New Egypt, New Jersey 08533 
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fig. 1. Schematic diagram of the microprocessor controlled keyboard. The MCS-6504 and MCS-6539-005 are available from Falk-Baker 
Associates, 382 Franklin Avenue, Nutley, New Jersey 07110, for $20 and $14, respectively. The 2111 RAMs can also be obtained from the same 


source. 
















10. By adding a serial-to-parallel converter, like a 
UART, the system can be used with an ASR-33 or 
similar Teletype, CRT serial data terminal, etc. 

Although construction is not especially critical, 
this project is not recommended for the beginner; an 
experienced hardware hacker should encounter no 
difficulty. The cost of this project including power 
supply, ASCII keyboard, enclosure, and all parts is 
less than $200. About half of that figure will be in¬ 
vested in the ICs alone. Knowledge of basic 
microprocessor operation and programming is 
recommended, but is not a requirement to build the 
system since the EPROMs store the system's opera¬ 
tion program. 

It's important that the builder be very meticulous 
while assembling the system. Since computers do 
only what they are told to do, a miswired address or 
data line will wreak havoc. Interchanging EPROMs U 6 
and U7 will have the same effect. The instructions for 
the program have been listed in a specific order to 
define the behavior of the Morse keyboard. Inter¬ 
changing the EPROMs, in effect, scrambles the order 
in which the instructions are to be executed. 

system operation 

The heart ot this code computer is a 6504 
microprocessor which is a software compatible 
cousin to the 6502. The 6504 was chosen for its lower 
cost and compact 28-pin package design. 

The crystal oscillator (U1C and U1D) functions as 
the system clock (see fig. 1). U2A divides the 1-MHz 
clock down to 500 kHz to compensate for the slow 
speed of the 1702A EPROMs. Since the access time 
for the 1702A is usually specified at 1 /isec, the 
operation of surplus units may be marginal at the full 
1-MHz clock rate. Thus, a system clock of 500 kHz 
was chosen to prevent EPROM access timing prob¬ 
lems without resorting to buying factory prime 
units. 

Pin 28 (<t>2 out) on the 6504 is used to coordinate 
the read/write timing of the RAMs (U8-U11) and the 
peripheral interface adapter (PIA), U12. U5A, U5B, 
and U5C buffer the read/write and <t>2 signals to pre¬ 
vent loading effects on the microprocessor. 

The PIA (U12) is used to interface the data bus of 
the microprocessor to the ASCII keyboard, keying 
relay, xmt/rcv relay, side tone oscillator, and the 
FIFO warning lamps. Thus, the PIA chip is used as an 
I/O port for the system. Port A is used to read the 
seven-bit input from the ASCII keyboard. Pin 2 of the 


*A PROM programming service is available from Keith Petersen, 1418 
Genesee Street, Royal Oak, Michigan 48073. For this project only, the cost 
is $6 for programming plus $1 for shipping and handling, per pair. Send the 
proms in a conductive carrier to prevent static discharge damage. 


PIA is bit 0 of Port A and is used as the serial output 
for the Morse code information that switches the 
side tone oscillator (U13) and the keying relay driver 
transistor (Q4). Port B is used as an output latch for 
the FIFO status flags. 

1. Pin 25 - TRANSMIT/RECEIVE output 

2. Pin 24 — Condition yellow output 

3. Pin 23 — Condition red output 

In addition to two I/O ports, the PIA is equipped 
with a read/write interval timer that is used exten¬ 
sively for the timing of dots, dashes, and spaces. The 
timer is programmable in discrete steps of two 
milliseconds with a 500-kHz time base. 

The PIA also has a 64 by 8 bit RAM that can be 
used for scratch pad, or temporary program storage. 
The RAM, however, was not used on this system. 

The RAMs (random access memories) chosen for 
this project are 2111 's (U 8 , 9, 10, 11). These chips are 
organized as 256 by 4 bit devices, and are used in 
pairs to accommodate the 8 -bit data bus of the 
microprocessor. Thus each pair (U 8 , U9, and U10, 
U11) makes up a 256 by 8 bit memory page for a total 
RAM storage of 512 bytes. As seen in fig. 1, the 
RAMs are used as temporary storage for the system 
scratch pad and messages entered via the keyboard. 

These particular RAMs, like the microprocessor, 
have a bi-directional data bus that permi ts OR tying 
to the CPU for ease of construction. The R/W signal 
from U5E, when a logic 0, allows the RAMs to send 
data to the CPU; when a logic 1 , they will accept 
data. 

The bi-directional data bus of the CPU, pins 18-25, 
is OR tied with the data bus pins of the EPROMs, 
RAMs, and the PIA. Since these lines are tri-state, 
ORing them in this fashion greatly simplifies con¬ 
struction. These I/O pins are in a high impedance 
state when the chip select (CS) pin of the 1 C is a logic 
1 . Since the address bus is a "one-way street," these 
lines are also tied together. 

Selection of the support devices is accomplished 
by U3. The high order address lines of the CPU, are 
decoded by U3 which in turn presents a logic 0 at the 
C$ pin of the appropriate device. Address lines 
A8-A10 select the support device (RAM, EPROM, PIA) 
while the low order address lines A 0 -A 7 select a 
memory cell within that device. Table 1 shows the 
selection scheme with regard to the address lines. 


table 1. Device selection by the microprocessor. 


device selected A10 A9 

U8 and U9 0 0 

U10 and U11 0 0 

U12 1 0 

U6 1 1 

U7 1 1 


A8 

0 

1 

1 

0 

1 
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In order to have data from the keyboard processed 
by the CPU, the strobe output from the keyboard 
drives the Interrupt Request pin (IRQ) with a 
negative-going pulse. The negative-going pulse at 
the IRQ input is about 10 *isec long. Using the IRQ in¬ 
put in this manner alerts the CPU to the fact that 
keyboard data has been entered for processing. A 



fig. 2. This flow chart shows the ASCII to Morse conversion 
used in the keyboard. 

subroutine then fetches the keyboard data from the 
PIA and stores it in memory each time a key is 
pressed. 

Any ASCII encoded keyboard with TTL compatible 
output levels will easily interface with the computer. 
Pins 34-40 are the ASCII inputs to the PIA, with pin 
40 being the least significant bit, B1. The KBD-5 
ASCII keyboard kit by South West Technical Pro¬ 
ducts is a good choice. Regardless of the keyboard 
you select, bear in mind that the keyboard must be 
programmed for upper case characters; lower case 
characters will not work in this system. 

On the KBD-5, the BACKSPACE key is uncom¬ 
mitted and must be connected to the on-board en¬ 
coder. In my case, I connected the leads for the 
BACKSPACE key to pins 26 and 36 of the AY-5-2376 
encoder. The ASCII output will then be 0001000 
when the key is pressed. One additional point should 


be remembered: the ASCII outputs are not latched, 
and will only be present when the key is pressed. 

ASCII to Morse conversion 

The generation of the Morse character for its ASCII 
equivalent begins by using table 2 for U6. As an ex¬ 
ample, the ASCII code for the letter F is 1000110 or 
46hex- The CPU looks at the 46th position in table 2. 
At position 46h e x the number is 00101000 or 28h e x* 
The CPU stores this value in a memory location for 
shift operations during the code synthesis process 
and for future reference. 


table 2. Look-up table listing for U6 





Morse code 

hex 


ASCII 

Hex 

group 

equivalent 

A 

1000001 

41 

01100000 

60 

B 

1000010 

42 

10001000 

88 

C 

1000011 

43 

10101000 

A8 

D 

1000100 

44 

10010000 

90 

E 

1000101 

45 

01000000 

40 

F 

1000110 

46 

00101000 

28 

G 

1000111 

47 

11010000 

DO 

H 

1001000 

48 

00001000 

08 

1 

1001001 

49 

00100000 

20 

J 

1001010 

4A 

01111000 

78 

K 

1001011 

4B 

10110000 

B0 

L 

1001100 

4C 

01001000 

48 

M 

1001101 

4D 

11100000 

E0 

N 

1001110 

4E 

10100000 

A0 

O 

1001111 

4F 

11110000 

F0 

P 

1010000 

50 

01101000 

68 

Q 

1010001 

51 

11011000 

D8 

R 

1010010 

52 

01010000 

50 

S 

1010011 

53 

00010000 

10 

T 

1010100 

54 

11000000 

CO 

U 

1010101 

55 

00110000 

30 

V 

1010110 

56 

00011000 

18 

w 

1010111 

57 

01110000 

70 

X 

1011000 

58 

10011000 

98 

Y 

1011001 

59 

10111000 

B8 

z 

1011010 

5A 

11001000 

C8 

0 

0110000 

30 

11111100 

FC 

1 

0110001 

31 

01111100 

7C 

2 

0110010 

32 

00111100 

3C 

3 

0110011 

33 

00011100 

1C 

4 

0110100 

34 

00001100 

0C 

5 

0110101 

35 

00000100 

04 

6 

0110110 

36 

10000100 

84 

7 

0110111 

37 

11000100 

C4 

8 

0111000 

38 

11100100 

E4 

9 

0111001 

39 

11110100 

F4 

( , ) 

0101100 

2C 

11001110 

CE 

( = ) 

0101101 

2D 

00010110 

16 

( . ) 

0101110 

2E 

01010110 

56 

( ? ) 

0101111 

2F 

00110010 

32 

( 1 ) 

1011011 

5B 

01010100 

54 

( 1 ) 

1011101 

5D 

10010100 

94 1 

( t ) 

1011110 

5E 

10001100 

8C 

( : ) 

0111010 

3A 

11100010 

E2 

(; ) 

0111011 

3B 

10101010 

AA 
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The Morse buffer register will contain the informa¬ 
tion from table 2 as: 


0 B7 B6 B5 B4 B3 B2 B1 BO 

X 0 0 1 0 1 0 0 0 = 28 bux 

The Os represent dots and the Is represent dashes. 
The actual code pattern is determined by inspecting 
the bits, from most to least significant. The remain¬ 
ing bits are used to denote completion of the 
character by putting a 1 after the character and Os 
after the one. The software will then check for 
10000000 (80 hex ). 

The arithmetic shift left (ASL) instruction is used 
to shift the code group into the CARRY flag one bit at 
a time. 


C 

START X 
1st ASL 0 

2nd ASL 0 

3rd ASL 1 

4rh ASL 0 
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B5 B4 B3 

1 0 1 

0 1 0 

1 0 0 

0 0 0 

0 0 0 


B2 B1 B0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 


Upon execution of ASL, B7 is shifted into the CARRY 
flag and the other bits in the Morse register are 
subsequently shifted to the left. The shifts are per¬ 
formed until the content of the register is 1000 0000 
(80hex)* ln the case of the letter F, four shifts are 
used. 

Morse characters are synthesized in dot-space and 
dash-space pairs. The state of the CARRY flag deter¬ 
mines whether a dot-space or dash-space pair will be 
sent by the timing loop software to the keying relay. 
When the final shift occurs, the program inserts a 
time delay equivalent to three dots to provide proper 
spacing before the next character. 

The flow chart illustrating the entire ASCII to 
Morse conversion technique is shown in fig. 2. 

control characters 

Control characters lend a greater flexibility to the 
system by allowing the operator to change the 
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The CW keyboard is housed in a 14 x 11 x 3 inch (36x28x8 
cm) cabinet available from Nu Data Electronics, 104 North 
Emerson Street. Mount Prospect, Illinois 60056. 
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fig. 3. Schematic diagram of the power supply. The LM309K 
should be mounted on a heatsink. Note that the case of the 
LM320-12T must not be grounded. The bridge rectifier's 
rating is 100 PIV, 1 ampere; the transformer is 25.2 Vac, 1 
ampere. 


U1 

U2 

U3 

U4 

U5 

U6, 7 

U8-11 

U12 

U13 

U14 



+ ! 

5 volts 

ground 

SN74L00 


14 


7 

SN74L74 


14 


7 

SN74L42 


16 


8, 12 

MCS 6504 


4 


2 

SN74L04 


14 


7 

1702 A 12, 

13, 

15, 

22, 

23 

2111 


18 


8 

MCS-6530 005 

7, 

16, 

20 

1, 5, 6, 8, 





10, 11, 12 

SN74L74 


14 


7 

NES55V 


B 


1 


- 8 to 9 volts 


16, 24 


course of program execution, and perform software 
generated control sequences solely from the 
keyboard. The control character is implemented by 
pressing the CONTROL key first and while keeping it 
depressed, the desired alpha-numeric key. The 
following control characters are programmed for use 
with this system: 

1. BACKSPACE (CONTROL H) 

2. CONTROL X 

3. CONTROLS 

4. CONTROL L 

5. CONTROL T 

6 . RETURN (Carriage return) 

BACKSPACE is used only for FIFO error correction. 
This key backs up the FIFO pointer to the last 
character entered; the keystroke that follows will 
replace that character. This feature literally makes it 
possible to send perfect code. Since the BACKSPACE 
key can be used to correct mistakes as they are 
made, a special key for the standard error signal (8 
dits) was not included in the software. 

CONTROL X is used for entering the code speed en¬ 
try routine. For example, the code speed can be 
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changed to 25 words per minute by the following 
sequence: 

1. CONTROL X 

2. 25 

3. CONTROLS 

CONTROL X allows the operator to enter the two- 
digit code speed into a buffer. CONTROL S then in¬ 
itiates a subroutine that programs the interval timer 
by calculating the equivalent time element for that 
code speed. The calculation was based on the ARRL 
rule that 12 wpm is analogous to 5 dits per second, or 
10 Hz. Thus, from wpm, the time interval can be 
calculated. Since the interval timer is binary and not 
decimal, the timing interval must be converted to 
hexidecimal. 

After all the conversion constants are computed, 
the final equation is 

l 1A = 550 milliseconds ( 1 ) 

16 xv pm 

The division is performed in the microprocessor by 
using a repeated subtraction technique that performs 
the subtraction in decimal, and counts the number of 
subtractions in hex (base 16). 

CONTROL L is used to store call up or CQ se¬ 
quences in the 64-character auxiliary buffer. When 
CONTROL L is activated, the contents of this buffer 
are, in effect, erased. The auxiliary buffer can be 
loaded as follows: 

1. CONTROL L 

2. CQ CQ CQ CQ CQ CQ DE 
WB2DFA WB2DFA WB2DFA K 

3. RETURN 

The RETURN key jumps the program back into its 
normal flow, and the auxiliary buffer can be recalled 
by depressing CONTROL T, If it is desired to save the 
auxiliary buffer for later recall, the RETURN key is 
used so that the operator can go on with typing data 
into the FIFO. 

There are many situations in which this buffer can 
be used to make the operator more efficient. For ex¬ 
ample, while your QSO partner is answering, you can 
load a signing sequence as follows: 

1. CONTROL L 

2. K2SMN K2SMN DEWB2DFA 

3. RETURN 

When he is finished, you go on the air instantly by 
hitting CONTROL T and start typing your QSO. After 
the auxiliary buffer is empty, the FIFO memory is 
read out, in the order in which characters were 
entered. 

To finish your transmission, you can recall the aux¬ 
iliary buffer data by using CONTROL T again. 


1 . controlt 

2. AR AR K 

After the content of the transmission has been sent, 
the FIFO will send K2SMN K2SMN DE WB2DFA 
AR AR K. 

If a mistake is made while entering data into the 
auxiliary buffer, you must start all over again by 
depressing CONTROL L. BACKSPACE will not correct 
auxiliary buffer errors. When using a data terminal or 
a TV type terminal to enter data, the capacity of the 
auxiliary buffer will be one line of text. 

construction 

Since construction of this project involves the 
handling of MOS devices, their handling precautions 
should be observed. It is best to leave the EPROMs, 
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fig. 4. System timing pulses that are on U3, the chip select 
1C, during the halt loop. 


CPU, PIA, and RAM chips in their protective carriers, 
installing them last. The use of sockets is highly 
recommended; a one-dollar socket is good insurance 
for the prevention of irreparable damage to a 20 
dollar CPU or 18 dollar PIA. 

The best place to start building is the power supply 
(fig. 3), measuring the output voltage from 
regulators U15 and U16, +5 and - 12 volts respec¬ 
tively. The potential at the cathode side of CR2 
should be -8 to -9 volts. After the voltage checks 
have been made, all capacitors, resistors, diodes, 
and transistors should be installed. Do not install any 
of the ICs before checking the pin voltages shown in 
fig. 3. When the voltage and continuity checks 
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agree, it's safe to proceed installing the U1, U2, and 
U14 circuitry. 

After you've re-applied power, check pin 8 of U1C 
for a 1-MHz signal, then pin 6 of U2 for a 500-kHz 
square wave. The tone oscillator, U14, should put 
out an 800-hertz square wave when pin 4 is tied to 
+ 5 volts by a clip lead. The tone should stop when 
pin 4 of the 555 oscillator is grounded. 

The next step is the installation of the CPU, 
EPROMs, and RAM chips, along with their support 
devices, U3, U5, and U12. When power is re-applied, 
the tone oscillator should be running. Momentarily 
grounding pin 1 of U4 will stop the tone. This means 
that the microprocessor has stepped through the 
configuration software, and is executing the STAND- 
BY routine in U6. Verification of this condition can be 
made by comparing the waveforms from U3's out* 
puts, with those depicted in fig. 4. Also, the output 
pins of U12, pins 2, 23, 24, and 25 should be at 
logic 0. 

The address and data lines of the CPU can only 
drive one standard TTL load. Therefore, it is 
necessary to use low-power TTL (SN74L00 series) 
devices so the microprocessor can reliably drive the 
address, R/W, and clock pins of the EPROMs, RAMs, 
and the PIA. SN74LS00 devices could also be 
substituted. Note that the 1-MHz oscillator uses an 
SN74L00 in a self-biasing scheme provided by the 
4.7k resistors. A standard SN7400 will not work with 
the values shown in the schematic. 

The system, as is, represents a minimal configura¬ 
tion. The CPU itself is capable of addressing a total of 
8192 bytes of memory; of this amount, only 1024 
bytes are used for RAM and PROM. Address locations 
0200 to 04FF are not used." Thus, the system can be 
expanded by adding RAMs or more I/O with software 
to supervise the expansion in the PROMs for loca¬ 
tions above address 0800. However, expansion of 
the basic system means buffering the address and 
data bus by means of TTL inverter pairs on the ad¬ 
dress lines, and a transceiving buffer on the data bus. 


*A copy of the memory map and programming information (or the EPROMs 
is available by sending a self addressed, stamped envelope to ham radio , 
Greenville, New Hampshire 03048, 


references 

1. Brice, Ward, MicroprocessorfMicroprogramming Handbook, Tab 
Books, Blue Ridge Summit, Pennsylvania, 1975. 

2. L. Krakauer. "Efficient Storage of Morse Character Codes/' BYTE, 
October. 1976. 

3. W, Sewell. WB5NYC, If Sam Morse could see us now," BYTE, 
October, 1976. 

4. J. Pollock, WB2DFA, "1000 WPM Morse Code Type," 73, January, 
1977 

ham radio 



START THE NEW YEAR 
WITH A COPY OF 
GREGORY ELECTRONICS 


NEW 1978 
CATALOG 


GREGORY ELECTRONICS CORP. 



245 Rt. 46, Saddle Brook, N.J. 07662 
Phone: (201) 489-9000 


A Brilliant 
Account of 
International 
History, 
Science and 
Industry 
extending 
over a 250 
year period . . . 



Saga 
of the 
Vacuum Tube 

by Gerald F. J. Tyne 

A fascinating detail¬ 
ed record of the sci¬ 
entific research, 
pioneer inventions, 
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cations and pro¬ 
duction of early 
vacuum tubes. A 
giant, extremely 
comprehensive book 
— one bound to 
become the standard 
reference In Its field. 
Profusely illustrated. 

A must for your col¬ 
lector’s library. 
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mobile color code 

Dear HR: 

I would like to propose a standard 
color-coding system for mobile 
antennas so that one mobiler could 
quickly tell visually what band 
another mobiler was operating on at 
that time. Using the standard resistor 
color code, the following colors 
would be used for each of the high- 
frequency amateur bands: 


80 meters gray-black 

40 meters yellow-black 

20 meters red-black 

15 meters brown-green 

10 meters red-gray 

The red-gray code is chosen for 28 
MHz because of its higher visibility 
over brown-black for 10 meters. 

The two colors for each of the 
bands could be applied with colored 
tape (or paint) to the antenna loading 
coil, displayed on a pennant flying 
from the tip of the antenna, or shown 
with two colored tape strips on the 
rear bumper, 

Ray Day, WB6JFD 
Palos Verdes, California 

fm repeater channel 
spacing 

Dear HR: 

I wish to thank Jerry Pulice, 
WB2CPA, for his fine article on direct 
synthesizers (August, 1977). The 
technical portions appear to be most 
needed in the fm community, 
especially for repeater usage (it's 
amazing what spurs on a mountain 
can do). 

This letter is to comment on a 


statement made by Jerry in dis¬ 
cussing the local-oscillator noise per¬ 
formance of his synthesizer. His 
statement, "In normal operation, 
crystal-controlled equipment would 
be able to maintain DX communica¬ 
tions within 10 kHz of a repeater 
channel," is misleading and requires 
clarification. 

As is well known, fm spectrum 
width is wider than the actual devia¬ 
tion. In fact, the bandwidth actually 
occupied by a narrowband fm signal 
is very close to twice the sum of the 
deviation and maximum modulation 
frequency. For voice operating a 5 
kHz peak deviation (typical repeater 
operation), the bandwidth of the 
transmitted signal is 13 kHz or 6.5 
kHz from the carrier or no-modulation 
frequency. A receiver with 15 kHz 
bandwidth would have interference 
when tuned within 7,5 +6.5= 14 kHz 
of the transmitter. In actual practice a 
physical spacing of 40-50 miles (64- 
80km) is required for operation of 15- 
kHz channels, and 10-kHz spacing is 
totally impractical. 

This condition is becoming a 
serious problem in the high density 
areas (like Southern California), not 
because of Jerry's statement, but 
primarily because of the transceiver 
manufacturers' insistence that their 


radios offer "400 channels" simply 
because they can be tuned to 400 
discrete 5-kHz frequencies. In reality, 
there are only a theoretical maximum 
of some 100 channels from 146-148 
MHz, but due to the repeater band- 
plans based on 15-kHz (or 30-kHz) 
spacing, only a theoretical maximum 
of some 80 channels are available. 
This is with idea1 equipment. With 
real receivers and transmitters 
available today, this number is closer 
to 60 discrete simultaneous channels 
available from one location. 

Robert O. Thornburg, WB6JPI 
Studio City, California 

300-Hz crystal filter for 
Collins receivers 

Dear HR: 

Referring to the article by W1DTY 
in September 1975 ham radio , I have 
found that the transistor impedance 
matching circuit, which has an input 
impedance of less than 15 thousand 
ohms, caused a 10 dB insertion loss 
when used with my 75S3C. To pre¬ 
sent a high impedance input, I modi¬ 
fied the circuit as shown in fig. 1. 
This method gives the same output 
as the other filters in the receiver and 
properly matches the crystal filter. 



fig, 1. High-impedance matching circuit for the75S3C. 
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The circuit is mounted on a small 
Veroboard held in place with nuts on 
the filter mounting screws. The 
whole unit fits nicely under the 
screening can without defacing the 
receiver in any way. I am very pleased 
with the performance of the filter. 
The attenuation is approximately 80 
dB when 600 Hz from the center fre¬ 
quency. 

C. H. Foulkes, G3UFZ 
Herts, England 

IC-crystal oscillator 

Dear HR: 

VK2ZTB is to be congratulated for 
his excellent article in March 1976 
ham radio. However, it did have one 
omission in the section on 1C oscil¬ 
lators. The Motorola MC12060 and 
MC12061 are specifically designed as 
series-mode crystal oscillators. The 
MC12060 covers 100 kHz to 2 MHz 
and the MC12061 2 MHz to 20 MHz. 
Both ICs produce sinusoidal, ECL and 
TTL outputs. The MC12061 has also 
been operated as an overtone oscil¬ 
lator by connecting the components 
as shown in fig. 1. Also, not men¬ 
tioned in the data sheet* is the ability 
to get twice the oscillator frequency 
by tying the sinewave outputs (pins 2 
and 3) together. This connection per¬ 
forms a full-wave rectification of the 

‘Motorola MTTL Phase Locked Loop Components, 
MCI2060 Data Sheet. 


sinewaves to achieve the doubling. 
These two features allow VHF oscil¬ 
lator signals to be easily developed in 
one 1C package with only one tank 
circuit. 

Ron Treadway, W7EKC 
Scottsdale, Arizona 

low-resistance 

measurements 

Dear HR: 

In the September, 1977, issue of 
ham radio, the accuracy of a low- 
resistance measurement method is 
indicated as being in the range of 
1 or 2%. 

This is not always the case, 
however, since an error of plus 100% 
will occur when the resistance being 
measured, R x , is equal to the 
resistance of the millivoltmeter, R m . 
In fact, only when the resistance of 
the millivoltmeter is infinite is the 
method strictly accurate. 

Since the millivoltmeter shunts the 
unknown resistor and the total line 
current is 100 mA 

(V m /R m) + (Vm/Rx) = 0 1 ampere 
Hence 10 V m = R m x R x /(R m + RJ 

where V m is the voltage across the 
millivoltmeter. In other words, the 
method gives the resistance not of 
the unknown resistor, R Xf but of the 
combined resistance of R x and R m in 
parallel. 



fig. 2. Pin connections for using the MC12061 as an overtone oscillator. 


When selecting the millivoltmeter, 
one should be sure that its resistance 
is at least 50 times (and preferably 100 
times) the highest resistance to be 
measured to maintain the stated ac¬ 
curacy of this useful method. The 
percentage accuracy of the method, 
insofar as the resistance of the 
millivoltmeter is concerned, is limited 
to 100 (R X /RJ. 

Ed Sampson, W1PT 
Brockton, Massachusetts 


magnetron 

development 

Dear HR: 

I have read with considerable 
interest WIHR's article on “Solid- 
State Microwave RF Generators" in 
the April, 1977, issue of ham radio. 

In the opening paragraphs where 
W1HR briefly reviewed the history of 
devices used to generate microwave 
power leading up to the modern solid 
state devices, I felt that some 
reference should have been made to 
the considerable work done by Dr. 
Eric Megaw, G6MU, on the split and 
multi-segment anode magnetrons 
principally done for the Marconi 
Company. Eric Megaw worked at the 
General Electric Co. Ltd., Research 
Labs at Wembley. Also the develop¬ 
ment of the first high power cavity 
magnetron developed at Birmingham 
University in February, 1940, which 
gave 400 watts CW at 9.8cm, and 
later pulse types for our radar, might 
have been mentioned. 

You are no doubt well aware that 
microwave activity in the UK is 
growing significantly, largely under 
the direction of Dain Evans, G3RPE, 
and his associates. We how have 
three 10-GHz beacons operating at 
the Isle of Wight, Alderney (Channel 
Islands), and Romford in Essex. 
Microwave Associates at the Luton 
factory are considering another 
beacon in this band, and one in Aber¬ 
deen is projected. 

G.R. Jessop, G6JP 
General Manager, RSGB 
London, England 
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CMOS programmable 
divide-by-N counter 

Most divide-by-N counters require 
either a complicated system of gates 
or pin strapping; changing the divisor 
is difficult for either method. If the 
speed of the circuit is such that a 
CMOS 1C can be used, a single con¬ 
nection change will permit division by 
any integer between 2 and 10. This 
can be done with a simple, single- 
pole switch. 

This divide-by-N counter uses an 
RCA CD4017A Johnson decade 
counter. In normal operation, the 



fig. 1. The CD4017A connected as a divide 
by 7 counter. The resistor is used to hold 
the reset line low. When the appropriate 
number is reached, that output and the 
reset line are driven high, resetting the 
counter. To divide by other integers, pin 
15 should be connected to the desired out¬ 
put. For example, pin 1 for a divide by 5. or 
pin 7 for a divide by 3. 


counter provides decimal outputs 
that are low and go high only at their 
respective time slots. For divide-by-N 
operation, the reset line of the 
counter is connected to one of these 
outputs, depending on the desired 
divisor. As the count progresses, 
each decimal output goes high and 
then low until the count reaches the 
one connected to the reset line. The 
counter is then reset, and the output 
of the divider appears on the 0 line. 

Fig. 1 shows the circuit connected 
to divide by 7. 

It should be noted that to divide by 
10 , no feedback is used and the inter¬ 
nal gating of the counter is permitted 
to function in the normal manner. 
Division by 0 and 1 are not permitted. 
For division greater than 10, this cir¬ 
cuit can be cascaded with other 
divider schemes. 

Ken Stone, W7BZ 

socket label for 
integrated circuits 

How many times have you bor¬ 
rowed integrated circuits from other 
boards and then when you went to 
return them, forgot which chip went 
in which socket? Well, it happened 
once too often for us. We decided 
that anything would be better than 
retracing circuits to determine which 


integrated circuit goes where. 

Various labeling methods were 
tried. Decals were too hard to apply 
in cramped spaces; painting was out 
due to a total lack of manual dexter¬ 
ity. Finally, strip labeling worked and 
has been adopted for labeling old and 
new boards. This is done by typing, 



or printing , the 1C type on strips of 
gummed paper which are then 
trimmed to fit the goove between the 
rows of pins. The result is neat, ac¬ 
curate, and inexpensive. In addition, 
the labels are visible only when the in¬ 
tegrated circuit is removed from its 
socket. 

John M . Franke, WA4WDL 
Norman J. Cohen, WB4LJM 


using the National 
NCL-2000 with the 
Drake T-4XC 

After finally moving to a QTH 
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fig. 2. Schematic diagram of the amplifier for use between the NCL-2000 
amplifier and a T 4XC. The zener diode has a 36-volt rating. A 1N4003 or 
equivalent diode is used in the collector of the 2N3055. 


where I could use my NCL-2000, I 
found that the ale output level was in¬ 
sufficient to drive the T-4XC. To 
overcome this difficulty, I designed a 
simple amplifier to make the equip¬ 
ment compatible. No adjustments are 
necessary, and the circuitry can be 
conveniently built into the Drake 
AC-4 power supply. 

Parts selection is not critical. If a 
higher voltage transistor is used in 
place of the 2N2907A, the zener 
diode can be eliminated. However, a 
very low-leakage transistor will be 
necessary to keep from turning the 
2N3055 on. The 2N3055 was probably 
overkill for this application, but it was 
the only high-voltage transistor in the 
author's junkbox. 

Without the modification, the 
NCL-2000 would severely flat top 
unless careful attention was paid to 
the GAIN control on the transmitter. 
After modification, no flat topping 
is evident on the monitor scope even 
if the GAIN control is operated wide 
open. Of course, the severe compres¬ 
sion renders speech unintelligible. 

Edwin R. Ranson, K5ER 


a simple adjustable 
1C power supply 

Last year, National Semiconductor 
introduced the first 3-terminal ad¬ 
justable positive voltage regulator. 
When used with a few external com¬ 
ponents, the LM117 is capable of 
delivering voltages from 1.25 to 37 
volts at 1.5 amps. Mounted in a TO-3 
case, this device is also protected 



fig. 3. Basic configuration for the LM117 
adjustable 1C voltage regulator. 


against current and thermal 
overloads. 

In normal operation, 1 the LM117 
regulator develops a 1.25 V reference 
(V REF ) between its output and adjust¬ 


ment terminals, as shown in fig. 3. 
Since this reference voltage is con¬ 
stant across R1, a constant current 
flows through the output set resistor 
R2, so that the output voltage can be 
calculated from 

D 2 

V0UT~ V REf( I + ^7 ) + lADjR 2 

Typically, V REF = 1.25V, and 

Iadi = 5° so that 
J R2 

VOUT” 1 2 5 (1 ) + 

(50 fiA)(R2) volts 

As shown in fig. 4, the input 
voltage is provided by a simple bridge 
rectifier and capacitor input filter ar¬ 
rangement delivering approximately 
37 Vdc. The 0.1 fiF disc bypass 
capacitor C2 is strongly recommend¬ 
ed if the regulator is physically 
located some distance from Cl. C3 
(10-/iF tantalum) is added to improve 
the ripple rejection. 

Although the LM117 is capable of 
good load regulation, typically 0.3 per 
cent at constant junction tempera¬ 
ture, the 240-ohm current-set resistor 
R1 should be connected directly to 
the regulator's output terminal, rather 
than near the load. When external 
capacitors are used with any 1C 
regulator, it is wise to add protective 
diodes to prevent the capacitors from 
discharging through low current 
points in the regulator. Therefore, 
CR1 protects against C4, and CR2 
protects against C3. 

reference 

1. Linear Data Book, National Semiconductor 
Corporation, Santa Clara, California 95051, 
June, 1976. 

Howard Berlin, W3HB 


cm 
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products 

For literature on any of the new 
products, use our Check-Off 
service on page 142. 


5-kW beam balun 



Palomar Engineers introduces a 
new balun for beam antennas. With a 
ratio of 1:1, the balun couples coaxial 
cable to balanced 50- or 75-ohm an¬ 
tennas. An adjustable U-bolt provides 
convenient mounting to a 2-in. (51 
mm) mast or boom. 

The balun is rated at 5 kW PEP 
(2 kW CW Continuous Commercial 
Service) between 1.7 and 30 MHz. 
It features all stainless-steel hard¬ 
ware. The wire leads from the trans¬ 
former are brought out for direct con¬ 
nection to the beam driven element 
— no solder lug connections to 
deteriorate in the weather. All input 
and output terminals are directly 
connected at dc to provide lightening 
protection. 

The beam balun is wound with 
teflon-insulated wire on an rf ferrite 
toroid core, has uhf (SO-239) con¬ 


nectors, and is epoxy encapsulated 
in a white PVC case so it can be used 
in any climate. Loss through the 
balun is less than 1.0 dB. Size is 
414 in. (114mm) diameter with case 
height of 2 1 /? in. (64 mm). Weight of 
balun and hardware is 2'h pounds 
(1.2kg). 

Price is $37.50 postpaid in U.S. 
and Canada. For more information, 
write to Palomar Engineers, P.O. Box 
455, Escondido, California 92025. 


full-feature frequency 
counter 



Here's a high accuracy frequency 
counter for those working within the 
Citizen Band and Amateur disci¬ 
plines. The counter has recently been 
made available from Communications 
Power, Inc. Designated model CPI 
FC-70, the frequency counter 
features a bright seven-digit LED 
readout with anti-glare louvers — 
great when you're working in a dimly 
lit environment. 

Resolution is within 10 hertz; ac¬ 
curacy is rated at 0.0003 per cent, 
which is considerably higher than the 
FCC's 0.005 per cent requirement. 
The FC-70 accepts 400 watts ol 
throughput power. It has a high- 
impedance input, which means it's 
easily used with rf oscillators and grid 
dippers. It's also useful for testing 


i-fs, filter characteristics, and crystal 
response. 

The FC-70 operates from either 12 
Vdc or 115 Vac. Quick disconnect 
cables are supplied for both voltages. 
The FC-70 has a guaranteed upper 
frequency limit of 40 MHz; 55 MHz is 
typical. Looks like a nice piece of test 
equipment for the serious technician 
working with high-frequency com¬ 
munications equipment. 

For more information on the CPI 
FC-70 counter, as well as information 
on CPI's complete product line, write 
Mr. Robert Artigo, Communications 
Power, Inc., 2407 Charleston Road, 
Mountain View, California 94043. 


prototype 

high-frequency 

receiver 



Ulrich Rohde, DJ2LR, has con¬ 
tributed many excellent articles on 
the subject of high-frequency re¬ 
ceiver design, and a number of read¬ 
ers have asked if these design ideas 
have ever been incorporated into a 
receiver. The answer is yes — in a 
prototype built by DJ2LR's firm, 
Rohde & Schwarz. Although the 
receiver is a prototype and has never 
been placed in production (so is not 
available on the market), a list of its 
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performance characteristics should 
spark the imagination of those ama¬ 
teurs who are still interested in build¬ 
ing their own receivers. 

The Rohde £t Schwarz prototype 
is a frequency-synthesized, double¬ 
conversion communications receiver 
covering the range from 10 kHz to 32 
MHz in steps of 100 Hz, selectable by 
thumbwheel switches. In addition, 
the receiver is fine-tuneable ± 500 Hz 
from any preselected frequency set 
by the thumbwheel switches! 

In operation, a signal is received by 
an interna/ active antenna or from 
either of the two external antenna 
input terminals and applied through 
switchable filters to a high-power, 
double-balanced mixer where it is 
converted to the first i-f at 41 MHz. 

The first i-f signal is amplified by a 
push-pull, low-noise fet amplifier, 
passed through a ±3.5 kHz band¬ 
width crystal filter, and delivered to 
another high-power, double- 
balanced mixer where it is converted 
to the second i-f at 455 kHz. 

The output signal from the second 
i-f is fed into a low-noise, power fet 
and a diode circuit, and then through 
selectable mechanical filters. The 
signal is then demodulated by either 
the ssb/CW product detector or the 
a-m detector, depending upon the 
receive mode desired. Two independ¬ 
ent age circuits provide fast-attack 
slow-decay characteristics (hang 
age) for ssb/CW or medium response 
for a-m reception. 

The audio amplifier has a built-in 
limiter and an active CW filter for 
improved reception. Audio output is 
through a built-in speaker, or may be 
taken from a rear panel connector. A 
rechargeable, built-in Ni-Cad battery 
power supply provides for five hours 
of continuous operation. An external 
power supply may be plugged in, if 
desired; requirements are 13.5 volts 
minimum, 24 volts maximum; nomi¬ 
nal current drain is only 250 
milliamperes. 

Frequency stability is ± 1 ppm, 
internal, or an external frequency 


...every tower in 
the world should be 
made this good. 

Once in a while something really big 
comes along like Tri-Ex’s all new W-80. So big 
we decided to call it the “Big W”. 

It’s the big one of Tri-Ex’s “W” Series 
towers. 

Early on was the W-51. A superb per¬ 
former and very popular still. 

Last year came the W-67. Higher, bigger, 
stronger. 

Now the W-80, Tri-Ex’s “Big W" tower. 

Excellent Performance 

Provides good DX capability at low 
costs. And if you’re watching the sunspot 
cycle—it’s now on an upswing for better than 
average transmission and reception. 

"Big W” is a free-standing, crank-up 
tower that goes a full 80-feet up. You can 
lower it with relative ease under windy condi¬ 
tions using “Big W’s" comfortably positive 
pull-down cable to protect your antenna load. 

Inherently Strong 

As with all "W” Series towers, the W-80 is 
made of high strength steel tubing legs with 
solid rod “W“ bracing. Stable? You bet! 

Hot dipped galvanized after fabrication. 
Long lasting. Five sections, included is a free 
rigid base mount. And the top plate is pre¬ 
drilled for a TB-2 thrust bearing. 

is Tri-Ex’s "Big W" your kind of tower? 
Better believe it! Write today or see your 
nearest dealer. Ask about the W-80. it’s real. 




iVi 





firi-Ex 

TOWER CORPORATION 

7182 Rasmussen Avenue, Visalia, California 93277 
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Mini 
Counter 


ELECTRONICS 


60 MHz 
600 MHz 

(with optional prctcolur) 


7208 COUNTER 


GOO.1OR03 






(icm-tal I'urpmc Low Cost Counter Without the Sacrifice of Biimc Performance 

"Check the features we have that some other low cost counters don't have." 


• AM Metal Cabinet •Crystal Time Base •Completely Auto Decimal Point 

• 8 Digit A" LED Display • 11 5V or 1 2V Operation • Selectable Gate Times (1 see & . 1 see) 

• input Cable Included *Push Button Controls *Statoof the Art LSI Circuitry < 

• 12V Input Jack *Gate L<*}ht •Sensitivity < 10 MV * 


ORDER NOW 
Call Toll Free 
1-800-828 7422 


IMMB 


7208 60 MHz Kit. $119.95 Assembled.... 169.95 - 

7208A 600 MHz Kit .. $149.95 Assembled.... 199.95 !|||jggj JgJ 

0AV1S ELECTRONICS 636 Sheridan Or., Tonawanda. NY 14150 716/874-5848 



MEET THE AMATEUR 
POWER HOUSE GANG! 


Lou Anciaux, WB6NMT; Chip Angle, N6CA; and 
Carla Wilmer, the people of Lunar Electronics, 
makers ol linearized amps, pre amps, counter-gener¬ 
ators, and mobile antennas. 

Lunar is a new company, but Lou and Chip are 
experienced hams, and skilled electronic engineers, 
with new ideas for providing better products for the 
ham. Like Lunar's 2M 10-80P.A 2 meter amplifier/ 
preamplifier. 

The perfect combination of Power Amplifier and 
Receiver Preamplifier. The SCS 2M 10-80L Power 
Amp and "Anglelinear” 144 Preamp in a single, 
functionally designed package. Features include ten 
watts input-eighty watts output, harmonic reduc¬ 
tion exceeding 60 dB, variable T-R delay for CW/ 
SSB, and Preamplilier selectable independent of 
power amplifier. Introductory price $189.95 
LUNAR PREAMPS 

Originally developed by Chip Angle, the Angle- 
linear receiving preamplifiers meet the most de¬ 
manding needs where low noise is important. 


QEJ4IKS: Ron Com. 820 Whillifl hflt. Iknrij Hilh. CA M210 • Him Riifio Out 
Ut,26?0W U filmi Amor. Anihttm, CA928*1 ■ Gil* R«Jb, 6199 CUmmunl 
Un-j Bbtf . SinOwio, CA921II • Boddj Silts, 18552 SHcrminWif. Rb*fc. CA 
91335 • Iklp Ridm. 1055 $kwl, iKkxunlk, ft J2206 • Buitank Eke 
fiQua. 23088 Mipwb* Attttut, flbibink, CA 91506 • C W EJettiomcj, PG 6oi 
6K6, Vin flrfS, CA 9HW * tnj tUnncj ftfim KG. ttoiolhilitiiti* B, Poilt*th 
2181, 86 lUmbtfi. Utal Ctrmint * tmoni UKlromti. Room 208/661 C«M£e 
Slitel. Stdnti, Nn South Wiki. Aittlniu - tfcbbj Alt. 14 Countrj Cktb Road, 
ftowilk. CH 06851 • Ritfw Wnt. J4U hw R«d. EtwnAao, CA 92025 • Cm 
mmlopnlCA.Av l«n«d* UipIMo. gfiOPoito, Pcitu{ii-0 Priwtroaic. 
BajSmk**t| 2 bijtiiut, 1800 Hjktbmi ft tlamuk * C * 6 tmtuikiM, 1040 
Prjw SliKl. Amwdto. !i ?9tW - Speckomn, In:, 1009 GulaUSkitt, Ch»ci(0, 
It 10304 • Will Co Shops fee,, 500 Soil Vim Orir«. flulk, tl 33540 * 
Vi*Gi Asswitei. Uk - 1605 Ek«>i. Sink C. HP*w, TJ 29925 * Hcraf Side, 
11240 W Bf*«lK »<d, let Afl|tki.CA 90054 -Bowitidk Si» Co,. 30? S Ilk* 
Skirt, (teoiwnlk, MS 38629 - SffpM flcctfontu. 314 l«o SJfMt, tkyton Oh to 
4 5404 * llw YOlt $Jwp. 410 Hilda Skffl. Ottflfl Cit|. Oft 97045 • MutlyphiK 
fkiltomcv 116 Hiddon Attnut, Collinjsmwd, HI 08108 * Sptdrum Inin 
niton it, (no, P,0. 60i 10W, Cw<.w<iJ, MA 0174? • Muht Ekckoniti, 7516 0«i«« 


Several models available from $34.95 

NEW MODEL DX-555P COUNTER GENERATOR with 

preselector. 

Two vital pieces of test equipment in one. Counter 
has 5 digit display with 7 digit readout capability. 
30+ MHz basic counter (220+ MHz with pre¬ 
sealer). Generator output displayed on counter use¬ 
ful as accurate signal generator. 

DX T ANTENNA 

Perfected by W6DXJ, this is without doubt the 
finest antenna of its type. The rugged construction, 
quality components, and gold aldonized aluminum 
radiators ensure peak efficiency under all operating 
conditions. Standard model $29.95. Collapsible 
model $34.95. 

For complete description and specifications, 
see your Lunar dealer (listed below) or write for 
brochure. 

Seethe newVHF/UHFTransverterSystem at SAROC, 
Booth #82, 


SpiinjJ RoitJ. Wllf R«k. AR 22209 • 0<W£» I Cm«. 1317 Guidon Skrtl. Un¬ 
iat Ut 48910 - 

Aral I air Avion: Amplifier! Wed. 2292 SycimmtOuMt. Simi Villtf, CA 93065 • 
Piniin*Tiuni dt Communmowes CA. PO Bn 76093. Cototov VurnuHi 
* Tyol Common Kit Kim, Roult 3. Ml An?. MO 21771 ■ SUd« Cotm«u«ti|ioin, 
Zl Ouarxidcw Rood. Goitouo. 175 4 UG. U K. * flodm untimiud. 66 BUcn 
Artnrt, PacMMi, HI 00854 • tpuht Auto Mjth.n H875 N Cfntril, Phoenu, 
A2 85022- 

Best wishes for a Merry New Year! 


L#N 4 R 


electronics 


?r#^AUPl7SHtCt* 

sunt <o 

SAMtdtOO CAWt l( 


standard may be plugged in to pro¬ 
vide laboratory-grade stability. Image 
i-f rejection is greater than 70 dB, 
independent of frequency setting, 
and adjacent-channel selectivity is 
high because of the mechanical 
filters in the second i-f, and the 
active audio filter (CW). 

Reception modes are LSB, USB, 
CW, RTTY, and a-m. The noise figure 
is 10 dB; sensitiivity is 0.3 jtvolt for a 
10 dB S/N ratio (ssb), and 1 jivolt 
(a-m). 

This little receiver, barely a double 
handful, features an active antenna 
horizontally or vertically polarizable, 
meaning that no external antenna is 
required for most applications! It is 
designed for long-range monitoring, 
broadcast reception, public activi¬ 
ties, press, military, coastal services, 
ships, time signals, and many other 
radio services. 

Ten-Tec Triton IV 
Digital T ra nscei ver 

All of the good features of the 
Triton IV appear in the Triton IV 
digital, with the added benefits of a 
built-in digital frequency display, plus 
a new zero-beat switch. 

The Model 544, as the Triton IV 
digital transceiver is known, in¬ 
corporates a six-digit display with 
0.43-inch (11mm) high numerals in 
red, except for the least significant 
digit (hundreds of hertz) which is in 
green. 

The frequency-counter circuit was 
the latest large-scale integrated cir¬ 
cuit available for this function, and 
CMOS medium-scale ICs for the re¬ 
maining requirements. 

All crystal-tolerance deviations in 
the vfo mixer oscillators are ac¬ 
counted for in the final reading since 
the counter is fed from the vfo out¬ 
put. The remaining error from the 
carrier oscillator is adjusted out by 
setting the time-base gating oscillator 
while receiving WWV, assuring hand- 
to-hand accuracy. 

When used with Ten-Tec's Model 
242 remote vfo, the display indicates 









the vfo inuse at the time, whether it 
be the internal or the remote vfo. 

The Model 544 has incorporated a 
zero-beat switch on the rf control. By 
pulling the knob out, engaging the 
switch, it is possible to zero beat an 
incoming CW signal, putting the 
transmitter on exactly the same fre¬ 
quency. This eliminates the need to 
tune to a 750-kHz beat note, as in the 
case with the Triton IV. 

Specifications for the digital Model 
544 are identical with those for the 
Model 540 Triton IV, with these ex¬ 
ceptions and additions: 

Frequency accuracy: + / - 200 Hz. 
Receiver power 

required: 12-14 volts dc, 

@ 1 ampere. 
Semiconductors: 1 LSI; 19ICs; 

63 Transistors; 

33 diodes. 

Zero-beat switch on rf control. 

No crystal calibrator included (or 
necessary). 

The suggested Amateur Net Price 
is $869. For additional information, 
write Ten-Tec, Inc., Servierville, 
Tennessee 37862. 

new rf and microwave 
semiconductor catalog 
from Hewlett-Packard 

A new 128-page diode and transis¬ 
tor designer's catalog from Hewlett- 
Packard contains complete product 
specifications and design data for 
H-P's line of rf and microwave semi¬ 
conductors. This 7-page catalog in¬ 
cludes Schottky diodes, signal-con¬ 
trol diodes, microwave-source 
diodes, devices for hybrid integrated 
circuits, military-approved devices, 
microwave transistors, and inte¬ 
grated-circuit products such as 
double balanced mixers and comb 
generators. 

A numerical index lists each com¬ 
ponent by part number. A selection 
quide for each product group helps 
the designer easily choose a specific 
device. Appropriate application notes 
and bulletins are listed at the end of 
the catalog. The Hewlett-Packard 


- SCR 1000 - 

SIMPLY THE FINEST 
IN VHF FM REPEATERS! 


2M& NOW 220 MHz! 



Quality Speaks For Itself — 


See what our customers have to say about the 
quality & performance of the SCR 1000: 


" .. The quality of the audio is unbelievable 
— a true reproduction of the input. It really 
does sound like simplex. The receiver sen¬ 
sitivity of our Spectrum system is at least 
twice the Motorola system we had in ser¬ 
vice. We have 24 Watts out of our Sinclair 
Duplexer. We all have fallen in love with 
your machine... Again, thank you for an ex¬ 
cellent piece of equipment. We are certainly 
glad that we purchased a Spectrum 1000 
Repeater 

Jim Wood W3WJK 
Trustee WR3AHE 
Butler County Amateur FM Assoc. 

Mars PA 16046 

“We are quite pleased with the operation of 
the repeater and are very proud of it. Thanks 
for producing such a fine product. ” 

D.Totel W9NJM 
Wheaton Community Radio Amateurs, Inc. 

Chicagoarea 

"During the first part of the year I bought a repeater from your firm and I thought 
you might be interested to know it is working out just fine. You have a product 
that more than meets the specifications you claim ... In the receiver you have a 
winner , the intermod is negligible... We have many other repeaters both amateur 
and commercial in the area and as of yet no problem ... In closing, I would like to 
thank you tor producing a product that does what is expected of it. In this world 
one seldom gets what he pays for; I feel our group has bought and received our 
moneys worth.” 

Jim Todd WA5HTT 
DallasTX 



* The SCR 1000 — the finest repeater available on the amateur market ... oflen 
compared to "commercial” units selling for 3-4 times the price! This is a 3QWt. 
unit, with a very sensitive & selective receiver. Included is a built-in AC Supply, 
CW IDer, full metering and lighted status indicators/control push-buttons, 
crystals, local mic, etc. Also, jacks for emergency power, remote control, 
autopatch, etc. 

• Custom options available: Duplexers, Cable, ‘PL’, HI/LO Power, Autopatch, 
Racks, etc. Inquire. 

* The Spec Comm Repeater System ... a sound investment . . . available only by 
direct factory order. $950.00 Amateur Net. Commercial price somewhat higher. 

• Repeater Boards & Assemblies Also Available: Inquire. 

Call or write today and get the details! Send for Data Sheets / 



SPECTRUM COMMUNICATIONS 

1055 W. Germantown Pk., Norristown PA 19401 (215) 631-1710 



More Details? CHECK-OFF Page 142 
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This MFJ RF Noise Bridge... 

lets you adjust your antenna quickly for maximum 
performance. Measure resonant frequency, radia¬ 
tion resistance and reactance. Exclusive range 
extender and ex panded capacitance range gives 
you much extended measuring range. 


BfSlSTAUCr fifAC-lfi'l V 


MFJ RF NOISE BRIDGE 


i 


$ 49 95 


This new MFJ-202 RF Noise Bridge lets you 
quickly adjust your single or multiband dipole, in¬ 
verted Vee. beam, vertical, mobile whip or random 
system lor maximum performance. 

Tells resonant frequency and whether lo shorten 
or lengthen your anlenna for minimum SWR over 
any portion ol a band 

MFd’s exclusive range extender (included) and 
expanded capacitance range (±150 pi) gives un 
paralleled impedance measurements Irom I Id 
100 MHz. 

Works with any receiver or transceiver. SO 239 

connectors. 2 x 3 x 4 inches. 9 volt battery. 

Other uses: tune transmatch; adjust tuned cir 
cuits; measure inductance. RF impedance ot ampli 
Iters, baluns, translormers; electrical length, veto 
city factor, impedance of coax; synthesize RF im 
pftdanees with transmatch and dummy load 


Order Irom MFJ and try it — no obligation. II 

not delighted, return It within 30 days lor a relund 
(less shipping). This bridge is unconditionally 
guaranteed tor one year. 

To order, simply call us toll free 800-647-8660 
and charge it on your VISA or Master Charge or 
mail us a check or money order lor $49.95 plus 
$2.00 lor shipping and handling. 

Don't wait any longer to enjoy maximum an¬ 
tenna perlormance. Order today. 

MFJ ENTERPRISES 

P. O. BOX 494 

MISSISSIPPI STATE, MS. 39762 
CALL TOLL FREE .... 800 647-8660 

For technical information, order and repair status, 
And in Mississippi, call 601-323*5869. 


DICK 

K4RYR 


EXPERIENCE the Ultimate 
in Scanners 


BOB 

W4YYS 



The Touch. 


$329 LIST 

• Over 15,000 frequencies at your fingertips 

• Scans the Channels in 1.3 Seconds 

• Special Weather Alert* and Priority Scan leatures 


our price 

s 279 00 


LAFAYETTE RADIO ELECTRONICS 

JBmm , 1811 HWY 17-92, MAITLAND, FL. 32751 

305-831-2271 


ASSOC. 

STORE 


AMECO • ARRLJ BOOKS • ASTATIC • B & W • BEARCAT 
• CALLBQOK • CDE HAM III • CUSHCRAFT • DENTRON 
• HAULICRAFTERS • HY-GAIN • KLM • LARSEN 
•MALLORY • J. W. MILLER • MOSLEY • NPC POWER 
SUPPLIES • SHURE • W2AU BALUN • MORE TO COME! 

Orlando’s Most Complete Stock of Electronic Hardware 

Transistors * Diodes * Integrated Circuits • Variable Capacitors * Connectors * Audio Cables 

* Variable Resistors • Antenna Wire • RG-8TU Coax (foam) * Rotor Cable * Steel Mast 

• Ceramic Insulators * and much more 

LAFAYETTE RADIO ELECTRONICS SSS 

1811 N. HWY 17-92, MAITLAND, FL. 32751 

(Near Orlando) £■■■ 

305-831-2271 


1977 diode and transistor designer's 
catalog is available free of charge. For 
a copy, mail your request to Inquiries 
Manager, Hewlett-Packard Com¬ 
pany, 1501 Page Mill Road, Palo 
Alto, California 94304. Ask for pub¬ 
lication 5952-9825. 


six-digit frequency 
counter 



A full feature, low-cost 30-MHz 
portable frequency counter has just 
been announced by B&K-Precision. 
Dynascan Corporation. Designated 
Model 1827, the frequency counter's 
low cost, versatility and ease of 
operation make the concept of a con¬ 
sumer's frequency counter a reality. 
Not much larger than a pocket cal¬ 
culator, the model 1827 offers a full 
six-digit LED display and guaranteed 
operation to 30-Mhz, with 1-Hz 
resolution. 

Broad range of optional acces¬ 
sories gives the model 1827 versa¬ 
tility. An optional signal tap al¬ 
lows the 1827 to monitor continually 
the output frequency of a 23- or 40- 
channel CB transceiver without 
affecting normal set operation. The 
signal tap is rated at 100 watts, so it 
can also be used with amateur radio 
transmitters. Other optional acces¬ 
sories include rechargeable batteries 
and an ac adapter-charger, an under- 
dash or under-shelf mounting brac¬ 
ket, accessory pickup antenna (for 
use near portable transceivers), 
general purpose input clip-lead, and 
vinyl carrying case. 

The B&K-Precision Model 1827 









provides full autoranging operation or 
it can be switched to a 1-second posi¬ 
tion for 1~Hz resolution — even while 
measuring CB radio frequencies. 
Decimal-point position is automatic 
as is a MHz/kHz indication. An ex¬ 
clusive battery saver feature shuts off 
power to the LED display after 15 
seconds of operation. A touch of the 
DISPLAY button restores the display 
for another 15 seconds. When 
operated by an external power 
source, dc or ac, the display remains 
on continuously. 

The model 1827 can be powered 
for more than 8 hours of normal use 
by ordinary AA batteries or by re¬ 
chargeable nickel-cadmium bat¬ 
teries. With appropriate accessories, 
the 1827 will also operate from either 
external 6.7-9.7 Vdc (for mobile op¬ 
eration) or 110 Vac. Batteries are not 
required when external power is 
used. 

The 1827 uses a custom LSI inte¬ 
grated circuit that was designed by 
B&K-Precision in cooperation with a 
major semiconductor manufacturer. 
The model 1827 will be available at 
local distributors shortly. 

For additional information, contact 
B&K-Precision, Dynascan Corpora¬ 
tion, 6460 West Cortland Avenue, 
Chicago, Illinois 60635. 



improved television 
game crystal 


The smallest 3.579545 MHz quartz 
crystal for television games, the new 
Sentry Model SGP-18, has been 
developed and introduced by Sentry 
Manufacturing Company, Chickasha, 
Oklahoma, a precision frequency- 
control industry leader in quality 


VLFCONVERTER 



• New device opens up the world of Very Low Frequency radio. 

• Gives reception of the 1750 meter band at 160-190 KHz 
where transmitters of one watt power can be operated 
without FCC license. 

• Also covers the navigation radiobeacon band, standard 
frequency broadcasts, ship-to-shore communications, and 
the European low frequency broadcast band. 

The converter moves all these signals to the 80 meter amateur 
band where they can be tuned in on an ordinary shortwave 
receiver. 

The converter is simple to use and has no tuning adjustments. 
Tuning of VLF signals is done entirely by the receiver which 
picks up 10 KHz signals at 3510 KHz, 100 KHZ signals at 3600 
KHz, 500 KHz signals at 4000 KHz. 

The VLF converter has crystal control for accurate frequency 
conversion, a low noise rf amplifier for high sensitivity, and a 
multipole filter to cut broadcast and 80 meter interference. 

All this performance is packed into a small 3” x 1 V 2 " x 6” die 
cast aluminum case with UHF ($0-239) connectors. 

The unique Palomar Engineers circuit eliminates the complex 
bandswitching and tuning adjustments usually found in VLF 
converters. Free descriptive brochure sent on request. 

Order direct. VLF Converter $55.00 postpaid in U.S. and 
Canada. California residents add sales tax. 

Explore the interesting world of VLF. Order your converter 
today! Send check or money order to: 


PALOMAR ENGINEERS 

P.Q. Box 455, ESCONDIDO, CA. 92025 — Phone [714] 747-3343 


More Details? CHECK-OFF Page 142 
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ImmIhM 1 " 11 1 ^^^ IIIIII^m VHF 

amplifiers 


FOR BASE STATION & REPEATER USE 




MODEL 

INPUT 

OUTPUT 

PRICE 

V70 

10 20W 

60 70W 

$298 

V71 

1-5W 

60-70W 

$329 

VI30 

25 40W 

110 130W 

$389 

V131 

1 5VV 

! 110 130W 

$419 

VI35 

5-1OW 

! 110 130W 

$419 

VI80 

10 15W 1 

1 80 200W 

$525 

Universal 19" Rack Mount 

$25 


143-149 MHz No Tuning 
AM - FM * CW - SSB 
Low Harmonics 
Heavy Duty 

No Power Supply Needed 
Illuminated Panel Meter 
+ 13.5V/3 Amp Socket 


All units: Harmonics exceed 
- 60 dB specification ol FCC 
R&O 20777 

r 115 or 230V AC 
: 60dB Spurious 
• Fully Protected Output 
r Internal T/R Switch 
U.S. Manufactured 
19" Rack Panel Option 
Size 8-1 /2 x 13x7" H 


Only two things are needed to put this power house on the air with your 
bandy-talky or mobile transceiver: a two loot piece ol coaxial cable and a 
115 or 230 volt AC outlet. That's all. You do not need anything else. The 
mobile transceiver can be powered directly from the accessory socket 
located in the rear panel ol the RFPL amplifier. It puts out + 13.5 volts at 3 
amperes. This is sufficient for powering most 15 watt transceivers. 


DEALER INQUIRIES INVITED 


RF POWER LABS, INC. 


communications and quartz time* 
base crystals. 

Other specific applications of the 
new Sentry crystal include amateur 
radio equipment, pocket-pagers and 
other telecommunications equipment. 

The new Sentry Model SGP-18 
offers significant improvements over 
conventional plastic-packaged, color- 
burst crystals. Key advantages in* 
elude improved circuit density and 
gold plating for greater long term 
stability. 

The new crystal exceeds MIL-C- 
3098 specifications for quartz-crystal 
units and complies with military type 
designation CR-64/U. The crystal 
measures 0.147 in. (3.73mm) deep, 
0.399 in. (10.13mm) wide, and 0.510 
in. (12.95mm) long. Total volume is 
only 0.0364 in.3(5.9710mm3). 

Additional technical information 
and samples of the new Sentry SGP- 
18 miniature quartz crystal are avail¬ 
able from the Sales Department, 
Sentry Manufacturing Company, 
Crystal Park, Chickasha, Oklahoma 
73018. 

smallest quartz crystal 


POvVFR 11013 llflth PI 9 CO N E • Washington 118033 • Telephone (2061822 1251 • TLLSXNo 32 1042 

LABS 


,1 K-ENTERPRISES 

Frequency Counters Power Supplies 

Prescalers f Amplifiers 

Marker & Peaking Frequency 

Generators Standards 

Write for Free Catalog 

Box 410 (N.W. of town) Falrland, OK 74343 
Phone: 918-675*3752 


1 FREE CATALOG 


hard-to-find precision tools 

tnurr limit 300(1 (iiuiiw: ptlriv lumen, wtir 
^nljijwiv vacuum iiplkal 

riimpiitt'iil, (mil klH amt t ain AUu Iru'lmle* irn 
juujrud u»Wul"Tou! TH»~ In aid in tool nflfftkin 


I jeNseN tools 6c Alloys 

i jjo scxxrti pinr .ht Qitrw uimpC’ af HyiBt 



W FT -101 owners - 


Improve Reception with Plug-In Ease 



• Boost Gain 6dB or More -———— 

TYPICAL TEST RESULTS - RX SEUSIT 1Y11Y 

• Reduce Front-End Noise Rr GA|:r'V->5lUk Reading >*tien tuned to 

. Protpet Aeainst Voltaee cmQl _£6L3iS3^_A- 

Protect Against voltage 0ri - ina , ftT o ur TT-fET" 

Spikes To.~ •SyTTSdS s6 ♦ 

• No Soldering No 9 S9 > ?mZ 59 > 3?dB 

No boidermgt. no a S9 » ?DdB S9 * jffli 

Alignment ' ; to * M~~“ SO * ??dB 

• Recommended by _ i- _SL» M . jgffi ~ 

_ ... siSi 59 • lsdH 

Fox Tango Club ---p—g-— ^ir no dB 

• Satisfaction -1--jj- —ij-- 

Guaranteed -- 

JUST REPLACE EXISTING FET WITH OUR HIGH-GAlN MOTOROLA DIODE-PROTECTED FT-FET 

ALL MODELS iEXCEPT OLDEST MODELS 

F $p; F T ACCESSORIES 0N , y $000 POSTPaId. ^ E re SCENTS 

_ DIVISION OF FOX TANGO CORPORATION O OVERSEAS NY RESIDENTS 

1W n nv rrdnx n. Y. 10463 ADD SI ADD SALES TAX. 


FREE CATALOG 
NY RESIDENTS 
ADD SALES TAX. 
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applications requiring precision fre¬ 
quency control. 

Dimensions of the new Sentry 
Model S-45 crystal include a depth of 
only 0.078 in. (1.98 mm), a width of 
0.275 in. (6.98mm), a length of 0.285 
in. !7.24mrn), and total volume of 
just 0.0077 in.3 (0.1263cm3). Gold- 
plated and mounted in a hermetically 
sealed metal holder, the new crystal 
meets or exceeds MlL-C-3098 speci¬ 
fications for quartz-crystal units. 

Additional technical information 
and samples of the Sentry S-45 
subminiature quartz crystal are avail¬ 
able from the Sales Department, 
Sentry Manufacturing Company, 
Crystal Park, Chickasha, Oklahoma 
73018. 



2 METER SH3I 220 MHjSMiH 
6 METER 440 MH Z &SI 


FEATURING THE .. . 


HR-2B 


The Master in 2 Meter FM 


transistor and fet 
analyzer 



Sencore announces the new TF-46 
portable Cricket tester, especially 
designed for transistor and FET 
testing in the field or at the bench. 
The battery-operated portable tester 
automatically turns off after 20 min¬ 
utes of operation to extend battery 
life. At the bench, the TF46 plugs 
into a $9.95 power adapter (PA202) 
that automatically bypasses the 
power-off feature, so you don't have 



1 2 Channels 
1 5 Watts 

$22 9 00 Amateur Net 


Positive performance at a 
practical price makes our 
HR-2B tops on 2 meters. 
Individual trimmer capacitors 
give bull's-eye accuracy for 
working repeaters or point-to- 
point. The .35 mV sensitivity and 
Hi/Lo power switch insure your 
hearing and being heard . . . clearly 
and reliably . . . the Regency way. 



HR-440 


-The Ultimate in FM 


12 Channels***™ 1 
10 Watts 

$349^0 Amateur Net 


gfL 440 is fresh . . . it's new * .. 
■SHI? and with our HR 440 you can 
BEIM use UHF without using-up your 
MW budget. So, pioneer some new 
ground! Put a compact HR 440 
Jr under your dash or at your desk. 

It's the best way to usher yourself 
into UHF. 



enOj ELECTRONICS, INC. 

*' w ’** * IM * •sT 


7707 Records Street 
Indianapolis, Indiana 46226 


More Details? CHECK-OFF Page 142 
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THE PROFESSIONALS 

1 ELECTRONICS 


500 MHz 
and 1 GHz 


7"“" 


COUNTERS 


The CTR 2 Senes Counters ate designed and built to the highest standards to fulfill the 
needs of commercial communications, engineering labs and serious experimenters. With an 
accuracy of ± 00005% (oven option) the CTR 2 can handle the most critical measurements 
and is about half the cost of other commercial counters. 

If you need a reliable counter at an affordable price, the CTR 2 is the answer. 


> 8 Digit .3 1 ' LED Display 

» High Stability TCXO Time Base 

> Built-in VHF-UHF Prescaler 
• Automatic Dp Placement 

> TCXO St cl. x 2 ppm 


RANGE 


CT R-2-500 

10 Hz to 512 MHz 


500 M Hi Kit CTR-2-500K . . 

500 MHz Assembled CTR 2 500A 
1 G Hi Kit CTR 2 1000K . . . 

1 GHz Assembled CTR 2 1000A 


1 Input Diode Protected 
► 12V-DC Operation (Optional) 

1 Oven Controlled Crystal (Optional) 
± .5 ppm 

1 Selectible Gate Times 

CTR-2-1 000 

10 Hz to > 1000 MHz 


$249.95 
349 95 
399 95 
549 95 


(OPTIONS) 

(02) Oven Crystal $49.95 
(03) 43" LED 10.00 


(OPTIONS) 

(04) 12V DC $10.00 

(05) 10 sec. Time Base 1 0 00 


OR DC R NOW 
CaH Ton P ret* 

1 BOO 828 7422 


OAVIS ELECTRONICS 636 Sheridan Or.Tona., N.Y. 14150 716/874 5848 


10's OF THOUSANDS 
OF CRYSTALS 
IN STOCK! 


\ 'Vcv 


II25C CASE 

SCANNER 

MONITOR 

10 7 

AMATEUR 
\ HAM 

\ 2 METER 

\ CB 

1 \SIANDAR0 


UNIVERSAL 

TOWERS 

FREE STANDING 
ALUMINUM TOWER 
10' to 100' 

Prices from 
S128.00 (30') 

MOST 

POPULAR 



>1® 

+j&S 


HAM TOWER 

EVER MADE! 


Immediate delivery on most frequencies / 

OTHERS ARE SPECIAL ORDER 

CRYSTAL BANKING SERVICE 
P.0. BOX 683 

LYNNFIELD, MASSACHUSETTS 
01940 


REQUEST 

NEW CATALOG 

OF 

TOWERS & 
ANTENNAS 

Communication Specialists 
Midwest Ham Headquarters 

For Over 38 Years 
HAMS! Wnte For Free Catalog 
and Wholesale Prices! 

Electronic Distributors, Inc. 

1960 Peck Muskegon. Ml 4 9441 
Tel: 616-726-3196 TELEX: 22-841 1 


to turn the tester back on after every 
20 minutes of use. 

The TF46 is the first and only 
completely automatic transistor 
analyzer that Sencore has designed, 
with each function designed to test 
exactly what is labeled on the control 
knob and pushbuttons. The TF46 
automatically determines transistor 
and FET lead connections, transis¬ 
tor type, transistor polarity, whether 
the transistor is good or bad, plus all 
parameter tests such as actual gain 
and leakages. 

The TF46 was especially made to 
be portable to expand complete 
transistor testing at hard-to-get-to 
places, such as aircraft, boats, com¬ 
munications equipment in auto¬ 
mobiles and trucks, computers, 
switchboards, and the thousand- 
and-one other places that have 
permanent installations but where 
complete solid-state testing is essen¬ 
tial. The TF46 sells for $195, $45.00 
less than the earlier model TF30 
Super Cricket, which didn't have the 
portable features. 

For more information on the new 
TF-46, write Sencore, 3200 Sencore 
Drive, Sioux Falls, South Dakota 
57107. 


hf and vhf signal 
generator 1C 
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gies integrated into a single sub- 
strate, the new Signetics circuit, 
designated 8X08, operates at 80 MHz 
input with a typical power of 1.6 mW 
per gate. 

The 8X08 incorporates an on¬ 
board reference crystal oscillator and 
an ECL prescaler. The new frequency 
synthesizer should have major appli¬ 
cations in the design of aircraft and 
marine radio equipment, in instru¬ 
mentation circuits such as signal gen¬ 
eration in test equipment, and in 
synthesized a-m/fm radios. 

The 8X08 provides the major func¬ 
tional elements of a phase4ocked- 
loop frequency synthesizer within a 
single LS( device. A VCO and (oop 
filter are all that are required to com¬ 
plete the synthesizer circuit. The 
8X08 contains all other major func¬ 
tional blocks, including a fixed- 
frequency reference oscillator and 
divider chain, a phase comparator, 
and a programmable counter chain 
for channel selection. 

The fixed prescaler for the fm 
input is a key to the design, since the 
prescaler is required in phase-locked 
loops where very high frequencies are 
to be generated in order to divide the 
local oscillator frequency to a fre¬ 
quency compatible with the program¬ 
mable counter. 

In the 8X08, the ECL prescaler 
makes programmable channel spac¬ 
ing possible to 100 kHz for fm re¬ 
ceiver local-oscillator signal genera¬ 
tion when using a 3.6-MHz reference 
oscillator crystal and an external 
divide-by-two circuit. Two-thousand 
channels are possible when using 
the fm input. Operating features in¬ 
clude maximum power dissipation of 
680 mW with a single 5-volt power 
supply. 

The 8X08 a-m/fm-frequency 
synthesizer is available in an 18-pin 
package from Signetics and its au¬ 
thorized distributors. Price is $13.65 
each in quantities of one hundred. 

For further information, contact 
Signetics, 811 East Arques Avenue, 
Sunnyvale, California 94086. 


LATEST 
GEAR FROM 
WESTCOM 



Ruggedized 
2 meter VHF 
amplifiers 


An add-on unit, no Internal connections or adjustments required to associated 
equipment. Standard Amplifier Models operate FM. Linear Models operate all modes: 
SSB, FM. AM, RTTY, CW. etc. ‘ Microstrip" design provides high stability and optimum 
performance over wide band-width, Factory adjusted, no tuning required. Mobile 
mounting bracket included. RF sensing T/R switching, adjustable dropout delay. Re¬ 
mote keying capability Thermally coupled biasing. Reverse Voltage protected and 
fused, Conservatively rated with oversized heat sink. Red LED indicators for monitor¬ 
ing DC and RF. VSWR protected — Ninety day material and workmanship warranty. 


MODEL 

NO. 

INPUT 

POWER 

(watts) 

NOM 

OUTPUT 

(watts) 

NOM 

CURRENT 
13.8 VDC 

PRICE 

2M 15XL50L* 

2-15 

50 

6 

$ 94.95 

2M 15X80 

5-15 

80 

11 

$129.95 

2M 15X80L* 

2-15 

80 

11 

$139.95 


NOTES: ‘Linear, AM. CW. FM, SSB. RTTY Linear models work well 
with low power transmitters of 2-3 watts to yield 20-30 w output, 
size: 4V« x 5V> x 

technical specifications and data subject to change without notice 



Ruggedized DC Power Supplies 
Ideal for VHF Amplifiers 


105-125 VAC. 50/60 Hz 
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a second look 

==£1 by Jim Fisk 



As this issue goes to press, it appears that the launch of the next amateur communications satellite, AMSAT- 
OSCAR D, is imminent (after it is in orbit this satellite will be known as OSCAR 8). Like its famous predecessors, 
OSCARs 5, 6, and 7, this new “bird" has two transponders: a two-to-ten meter unit similar to that used in OSCAR 
7 called Mode A, and a two-meter, 70-centimeter transponder designated Mode J. The Mode J transponder 
was built by members of the Japan AMSAT Association in Tokyo; a similar combination of input/output 
frequencies was used in the short-lived OSCAR IV spacecraft back in 1966. 

The new OSCAR will be launched from NASA's Western Test Range in California as a "piggyback" payload 
aboard the second stage of the two-stage Thor-Delta launch vehicle which will carry NASA's Landsat-C earth 
resources technology satellite into orbit. Because of scheduling at the Western Test Range, and the complex 
pre-launch checkout of Landsat-C, it's impossible to pinpoint the exact launch date, but late reports from 
AMSAT indicate it will be sometime in early March. 

The new spacecraft is a 38 cm rectangular solid 33 cm high, weighs 27 kg, and is solar powered. The solar 
cells, combined with the 12-cell rechargeable nickel-cadmium battery, should be adequate to power the satellite 
in Mode A for several years. The receiving antenna for both modes is a turnstile comprised of four 48 cm lengths 
of 12 mm carpenter's rule. Four permanent magnets located inside the spacecraft provide stabilization; this Is 
the same technique used in OSCARs 6 and 7. The polarity of the magnets is such that the top of the satellite 
always points toward the earth's magnetic north pole. Permalloy damping rods mounted behind the solar panels 
are designed to reduce the spin of the spacecraft; their operation is similar to a shorted transformer turn as it 
cuts the lines of flux of the earth's magnetic field. OSCAR 7 used the same system with good success. 

The spacecraft will be automatically powered up upon ejection from the Thor-Delta launch vehicle over 
northern Greenland. It is designed to come on in Mode J; the Mode A transponder will not be turned on until 
the satellite is almost completely stabilized in orbit, which may take as long as a week. This is because the 
IO meter dipole antenna cannot be deployed until the spacecraft's spin rate is less than 1 revolution per minute; 
otherwise the antenna may be severely damaged. The deployment process takes about 15 seconds and cannot 
be reversed — the elements can't be retracted once they are extended — so correct deployment is crucial. 

OSCAR 8's orbit is planned to be sun-synchronous, with passes repeating at approximately the same time 
each day on a one-day cycle (as opposed to the two-day cycle of OSCARs 6 and 7). Since the altitude of OSCAR 
8's orbit, at 900 km, is just over half the altitude of OSCARs 6 and 7, the maximum communications range will be 
slightly shorter. The usable time on an overhead pass will be about 18 minutes instead of the 22 minutes 
provided by OSCAR 7, and the horizon range will be 3220 km (down slightly from the 3940 km horizon range of 
OSCAR 7). In practical terms this means that transatlantic communications will still be possible with OSCAR 8, 
but not as often as with OSCAR 7. 

One of the big advantages of the 900 km sun-synchronous orbit is that keeping track of OSCAR 8 is going to 
be much simpler than it was for earlier amateur satellites; it will come into range at nearly the same time every 
day — the overhead descending node pass is planned for 9:30 Am local time. The satellite's anticipated useful 
operating lifetime is three years. 

Since the prime mission of the OSCAR 8 spacecraft is to use the Mode A transponder for the ARRL OSCAR 
educational program in schools, the spacecraft may be left in Mode A during weekdays and put into Mode J on 
weekends. Because of the relatively high current drain of the Mode J transponder, however, the power budget 
may not support the Mode J transponder for continuous full-time operation over an entire weekend. The 
spacecraft may also be switched to Mode J during the evening hours in the Western Hemisphere, depending on 
the burden to the command stations and the condition of the on-board batteries. 

The Mode A transponder on the new spacecraft has the same frequency passband as OSCAR 7 (input 
between 145.85 and 145.95 MHz, output between 29.40 and 29.50 MHz). Approximately -95 dBm is required 
at the transponder input terminals for an output of one watt; this corresponds to an effective radiated power 
from the ground of about 80 watts. The 250 mW telemetry beacon operates at 29.402 MHz. 

The Mode J transponder operates with an input frequency passband between 145.90 and 146.00 MHz — the 
output is between 435.10 and 435.20 MHz. Power output is 1 to 2 watts PEP, and the output is inverted (upper- 
sideband uplink signals become lower-sideband downlink signals). Uplink sensitivity for 1 watt output is - 105 
dBm which corresponds to an effective radiated power from the ground of about 8 watts (note the greatly 
improved sensitivity of this mode, and keep your power down). A 100 mW beacon at 435.095 will carry 
telemetry information. 

Jim Fisk, W1HR 
editor-in-chief 
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ANOTHER WARC ADVISORY Committee Meeting on Amateur Radio is beginning to look likely 
for February, and if so it'll be an important one. The Sixth (or possibly Seventh) 

Notice of Inquiry on the 1979 World Administrative Radio Conference is scheduled for 
release in January, and it's expected that a further revised frequency table will be in¬ 
cluded. Since our previous efforts at generating strong U.S. support for both expansion 
of present HF bands and the creation of new ones in the LF and HF spectrums were only 
marginally successful ( Presstop , July, 1977) — and that success, expansion of 40, 20, 
and 15 meters, seems threatened by the Department of Defense's expressed frequency needs 
— a new and determined offensive is badly needed. 

Some Strong Ammunition in support of our position has been developed overseas and 
should help greatly. The continued increase in the U.S. Amateur population, along with 
the current slackening of CB enthusiasm, should also help out. 

K5NY RECEIVED AN 18-MONTH JAIL sentence and was fined $500 by U.S. District Court 
Judge Edward J. Boyle, ^Jr. last November as a result of his pleading guilty to three 
counts of transmitting obscene language and interfering with a New Orleans repeater this 
past summer. K5NY must serve 90 days of his sentence after which the remainder will be 
suspended; his co-defendent — WB5AWN — received a suspended sentence but must pay costs 
for the public defender. K5NY received a severe reprimand from the Judge, himself a CBer. 

POINT-OF-SALE CONTROL for linear amplifiers has been instituted by Canada’s Department 
of Communications. In a Canada Gazette announcement, the DOC stated that all linear buy¬ 
ers must sign a special form including their names, and addresses at the time of purchase. 
The form is then forwarded to the DOC and the buyer's name compared with lists of General 
Radio Service (CB) licensees to determine whether the purchaser is in violation of DOC 
rules barring linear possession by an operator in the General Radio Service. 

No-Code Canadian Amateur License is expected by next fall as a result of the Novem- 
ber 26 Department of Communications/Canadian Amateur Radio Federation National Amateur 
Radio Symposium in Ottawa. More than 100 Amateurs from across Canada, representing 27 
Canadian Amateur organizations, attended the jointly sponsored session, during which 
the suggestion for a Canadian Novice-class license was firmly turned down while a no¬ 
code "experimenter's" license for 200 MHz and up was strongly supported. Expectations 
are that the new license will have a tough technical exam; other details are still to 
be worked out, 

A New Permanent Canadian Prefix may be forthcoming as Ontario Amateurs have just 
about used all the VE3x3 callsigns. The DOC, with the assistance of the Radio Society 
of Ontario, will be looking into alternatives. 

1978 Could See VC7 in use by Vancouver Island Amateurs. The Victoria Short Wave 
Club has asked the DOC to authorize the special prefix to mark the bicentennial of 
Captain Cook's exploration of Vancouver Island. 

A Canadian Assault on 420-430 MHz is in the wind. A recent Department of Communica- 
tions study of 406-960 MHz is expected to propose 420-430 MHz for mobile services, with 
430-450 MHz shared between radiolocation and Amateurs as at present. On the positive 
side, the same study also will propose a new 902-928 MHz Amateur band to be shared with 
fixed services and radiolocation. 

OSCAR 7’S THIRD BIRTHDAY was Tuesday, November 15, when the satellite reached its 
threeyeardesign lifetime. If OSCAR 6's performance can be extrapolated, however, ex¬ 
pect OSCAR 7 to be serving us for a long time to come. Mode jumping problems are con¬ 
tinuing, with the combination of low battery voltage (from seasonal sun angle on the 
solar panels) and excessive user signals (especially from Europe) the probable culprits. 

Oscar 7's Mode Jumping problem isn't entirely from user abuse, W9VI (ex-W90II) found 
when he observed a jump on an early morning pass with no user signals audible. A high 
noise output, often observed before jumps, has been linked with the problem. One theory 
is that it’s an internal malfunction, while another says it’s related to an ionization 
buildup as it does seem seasonal. 

FCC EXTENDED its working day to 5:30 PM effective January 3. The new hours (for 
WashingtonT D.C. offices only) are from 8:00 AM to 5:30 PM, with employee schedules re¬ 
arranged to insure adequate staffing of Commission offices throughout the day. 

REPEATER LICENSE APPLICATIONS are still arriving at the FCC despite the "deregulation" 
Report and Order and its subsequent stay. Until a final decision on repeater licensing 
is made, however, repeater applications are being returned without action. 

License Fees are starting to turn up again in some Amateur applications, even though 
fees were suspended almost a year ago. The Personal Radio Division reports about 20% 
of applications received now include fees, with most of them from CBers. 

MICROWAVE^EXPERIMENTERS should contact ZS1HS of the SARL, who is compiling information 
on Amateur microwave work for use in preparations for the World Administrative Radio Con¬ 
ference in 1979. 
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understanding 
and using 

electronic counters 


Only a few short years ago, it was extremely 
rare to see an electronic counter outside of a 
laboratory or a specialized service installation. To¬ 
day counters can be found in ham shacks all over 
the world. Of course the reason for this prolifera¬ 
tion is obvious — the integrated circuit, and in par¬ 
ticular, medium- and large-scale integration. In the 
early sixties, a typical 10-MHz counter weighed 
nearly 120 pounds (55kg), occupied about 5.75 
cubic feet (165,000 cubic centimeters), and 
dissipated approximately 600 watts as heat. By way 
of contrast, a 520-MHz counter currently produced 
by the same manufacturer weighs 4.75 pounds 
(2.16kg), has a volume of approximately 213 cubic 
inches (3890 cubic centimeters), and dissipates less 
than 20 watts. 

As size has decreased, so has cost. That ante¬ 
diluvian counter cost $2600 in "1966 dollars;" to¬ 
day you can buy a counter for under $100 if you 
want a bare-bones instrument, and can get a 250- 
MHz multifunction counter for less than $400. 
Because of today's relatively low costs, counters 
have become a versatile tool in the ham station 
and on the work bench. If you have one, this arti¬ 
cle may help you make better use of it. If you are 
planning to buy one, it may help you to decide 
what to look for. 

You may have noticed that the title of the article 
uses the term electronic , rather than frequency, 
counter. This was not a pedantic choice; electronic 
describes the type of counter and is inclusive of all 
functions that the counter may perform, only one 
of which may be the measurement of frequency. 
We shall discuss these various functions, although 
emphasis will be placed on frequency meas¬ 
urement, which is of primary interest to the 
average ham. 

Before discussing the applications and limitations 
of the frequency counter, it is important to cover 
the method by which frequency is measured by the 
counter. Regardless of the type and complexity of 
the instrument, all counters measure frequency by 
comparing the frequency of the input signal with a 
known frequency or time period. Fig. 1 shows the 
basic functional blocks of a typical counter. The 
main function of the signal conditioner is to con¬ 


vert the input signal to one whose amplitude and 
waveshape are compatible with the internal cir¬ 
cuitry or logic of the counter. It generally includes 
an amplifier to increase the amplitude of the in¬ 
coming signal, and may also contain an attenuator 
for input signals of high amplitude, trigger level 
and slope selection circuits, and so on. No matter 
how the signal is processed, the output of the 
signal conditioner is a pulse train in which each 
pulse corresponds to one cycle or event of the in¬ 
put signal. 

The conditioned signal is applied to a gating cir¬ 
cuit, which is shown symbolically as a single logic 
gate, but which is actually a more complex circuit. 
The gate is opened for a predetermined, accurate 
time interval, during which the signal passes 
through to the decade counters. These counters 
count the number of pulses which are gated 
through, and transfer the count to the display. The 
number of decade counters determines the number 
of digits which are displayed, one counter being re¬ 
quired for each digit. The display can utilize any 
type of visual readout device, such as gas-dis¬ 
charge numeric tubes, light-emitting diode arrays, 
or liquid-crystal displays. 

Since the decade counters count the number of 
pulses which pass thorugh the gate, it follows that 
the accuracy of the instrument is a function of the 
time that the gate is open. This interval is, in turn, 
a function of the time-base accuracy. The time- 
base oscillator in the modern counter is invariably a 
crystal-controlled oscillator operating at a fre¬ 
quency between 1 and 10 MHz, although there 
have been counters made in the past which used 
crystal frequencies as low as 100 kHz, or even used 
the ac line frequency as a time base. Even though 
the oscillator frequency must be divided, crystals in 
the 1- to 10-MHz range are used because they are 
inherently more stable than those which work at 
lower frequencies; the optimum range for stability 
is between 4 and 10 MHz for most types of 
crystals. 

The divided time-base frequency drives the gate- 

By Robert S. Stein, W6NBI, 1849 Middleton 
Avenue, Los Altos, California 94022. 
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fig. 1. Functional block diagram of the basic frequency 
counter. 


control circuit, which controls the gate-time inter¬ 
val in accordance with the divided time-base fre¬ 
quency. To explain the need for dividing the time- 
base frequency, we must at this time discuss 
resolution, or the smallest frequency increment 
which the counter displays. 

Let us assume that the frequency of the time- 
base oscillator is 10 MHz, and that the gate control 
holds the gate open for exactly 10 clock pulses 
{clock being the term used to designate the time- 
base signal or the signal derived, through the 
dividers, from the time base). Since each cycle 
from the 10-MHz oscillator has a period of 0.1 
microsecond, the gate will be open for 1 micro¬ 
second. If a 1-MHz input signal were being 
measured, only one pulse would be gated through, 
and the counter would display a 1. Frequencies 
below 1 MHz might or might not produce a reading 
at all, and those above 1 MHz could be read only 
to within one digit of the nearest megahertz (more 
about this later). Thus, the resolution would be 
1 MHz at best, an obviously unsatisfactory ar¬ 
rangement. 

Suppose, instead, that the time-base frequency 
were divided down to 10 Hz, or a period of 0.1 
second. The gate will now be open for 1 second, 
and 1 million pulses from a 1-MHz input will be 
counted. Now the counter will display 1000000, 
which provides us with a resolution of 1 Hz. Thus, 
the resolution is the reciprocal of the gate time, 
and in fact, some counters with selectable gate 
times have the switch positions designated by the 
gate time. 

The limiting factors governing resolution are the 
number of digits in the display and the tolerable 
gate time. Usually 0.1 Hz is the smallest resolution 
practical, in that it involves a 10-second gate time 
and a 9-digit display up to 99.9999999 MHz. The 
gate time can be reduced in a computing counter, 
but that is outside the scope of this discussion, 

Of course, it is not always necessary to read fre¬ 
quency to a tenth of a hertz, nor is it particularly 
convenient to have to wait for a 10-second count. 
By selecting the appropriate output from the 
frequency-divider chain, you can reduce the gate 


time and resolution to values which may be more 
appropriate to the measurement. The normal range 
of gate times is typically between 1 millisecond and 
10 seconds, corresponding to resolutions of 1 kHz 
to 0.1 Hz. 

The number of digits in the display can be re¬ 
duced by switching both the displays and gate 
times, a technique which is used in many low- 
priced counters having a 5-digit display. A 2-posi- 
tion switch is used to select gate times of 1 second 
< 1 -Hz resolution) and 1 millisecond (1 -kHz resolu¬ 
tion). When the gate time is 1 second, the five 
decade counters can produce a display up to 
99,999 Hz; when the gate time is 1 millisecond, up 
to 99,999 kHz or the frequency limit of the counter 
can be displayed. Thus by switching the clock, the 
equivalent of eight digits is obtained, with overlap 
between the two readings. This is an economical, 
but oftentimes inconvenient, way of obtaining im¬ 
proved resolution. 

It should be reiterated at this point that a 
counter displays a pulse count. Whether the 
display reads out in Hz, kHz, or MHz is simply one 
of convenience and the location of the display 
decimal point. The decimal point is either fixed, or 
is switch selected with the gate time, and its posi¬ 
tion is independent of the actual count . 

time-base accuracy 

It should be apparent from the preceding discus¬ 
sion that the time-base oscillator is the most critical 
part of the counter, in that it determines the overall 
accuracy of the instrument. Let us examine its 
effect, in terms of the specifications usually given 
for a counter. 



The Yaesu YC-500 Frequency Counter has a frequency range 
of 10 Hz to over 500 MHz. Its six-digit display provides the 
equivalent of eight digits when the gate time is switched. 
A room-temperature crystal. TCXO, or ovenized crystal 
time base may be ordered (photo courtesy Yaesu Electronic 
Corporation), 
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First of all, the accuracy of the time base, either 
in per cent or parts per total, is directly translatable 
to the measurement of frequency, period, interval, 
or any other function which the counter may be 
capable of measuring and which utilizes the time 
base. This holds true, regardless of the magnitude 
of measurement. For example, if a 1-MHz time- 
base oscillator is off frequency by 2 Hz, that 
represents an error of 0.0002 percent. The gate 
interval, therefore, will also be in error by the same 
percentage, and the displayed count will have the 
same error. If the frequency being displayed is 
50.000000 MHz, the error will be 100 Hz. If the 
time-base frequency is high, the displayed count 
will be low, since the higher the frequency, the 
shorter the gate time. If the time-base frequency is 
low, the opposite will hold true. 

Time-base accuracy specifications should include 
the parameters listed in table 1, although most 
lower-priced instruments may omit one or more. 
Typical values for the various types of oscillators 
are included as examples. It can be seen that 
temperature change has the greatest effect on fre¬ 
quency. In the examples listed, the specification for 
temperature stability can be improved by one order 
of magnitude by using a TCXO {temperature- 
compensated crystal oscillator) instead of a room- 
temperature crystal. In the real world, however, a 
good room-temperature crystal may be better than 
a poor TCXO; you must compare the specifications. 

The oscillator aging rate is not as important, 
since this will manifest itself as a gradual change 
in frequency, and is predicated on the oscillator 
running continuously. If the counter is designed so 
that the oscillator circuit is powered as long as the 
instrument is connected to the primary power 
source, the specified aging rate is valid. If the 


table 1. typical specifications for time-base oscillators. 


room 

temperature oven 

crystal TXCO* oscillator 

Aging rate (long term 5x10 '/mo 3x10 '/mo 5x10 *0t 

stability 

Temperature, 0-50°C 5x10 6 5x10 7 7x10 9 

Line voltage, ± 10% 1 x 10 7 5x 10 a 5 x10 9 

Short-term stability 1 x 10 10 

per day 


•Temperature-compensated crystal oscillator 

t After 24-hour warm-up 

*rms/sec 


oscillator is deenergized along with the rest of the 
counter when the instrument is turned off, 
however, the aging specification means little or 
nothing. 


INAL /1 
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fig. 2. Gate time and signal pulse train, showing ±1 count 
ambiguity. 


Short-term stability is generally specified only for 
very stable, ovenized oscillators and is pertinent 
only to laboratory-type measurements. 

Time-base errors can be corrected by recalibra¬ 
ting the oscillator against a known standard or 
against WWV. Virtually all counters incorporate an 
adjustment control for this purpose. The tech¬ 
niques used in recalibrating the oscillator will be 
covered later in this article. 

frequency-measurement accuracy 

Although the preceding discussion of time-base 



The Fluke 1910-A Multi-Counter is one of a series which 
provides frequency, period, period-average, ratio, and 
totalize functions. The 1910A is rated to 125 MHz; the 1911A 
and 1912A are similar in appearance and will measure fre¬ 
quencies to 250 and 520 MHz, respectively (photo courtesy 
John Ffuke Manufacturing Company ). 



fig. 3. Functional block diagram of an electronic counter 
configured for period measurement. 


accuracy would appear to account for any inaccu¬ 
racies in the measurement of frequency, such is 
not the case. The specification for the frequency- 
measurement accuracy of all electronic counters is 
invariably stated as ± time-base accuracy ±1 digit. 
The last term of that statement is known as the 1- 
count ambiguity — but what does this mean? 

Fig. 2 shows the signal under measurement and 
its relationship to the gate. Although the suc¬ 
cessive gate times, // and t 2 , are equal in duration, 
the gate is not synchronized with the signal. 
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Therefore it is possible, during gate time l h for five 
signal pulses (numbered 2 through 6) to be gated, 
while during time t 2 , six signal pulses (numbered V 
through 6') may be gated. Thus there is always an 
irreducible ± 1-count ambiguity in the least signifi¬ 
cant digit of the display. 

The per cent of error due to the 1-count am¬ 
biguity is reduced as the measured frequency in¬ 
creases, since it becomes increasingly less signifi- 



fig. 4. Functional block diagram of a period-averaging 
counter. 


cant compared to the total count. The maximum 
error is an inverse function of the frequency being 
measured and the number of pulses being counted, 
i.e. the gate time, and is expressed as 

% Error = ± l j° 

where f is the frequency in Hz, and t is the gate 
time in seconds. 

From the above equation, it can be seen that 
measuring a 10-MHz signal with a 1-second gate 
time will be subject to a ±0.001 per cent error. 
However, measuring a 20-Hz signal with the same 
gate time may result in a counter display between 
19 and 21 Hz, a ±5 per cent error. This would not 
be very satisfactory if you were attempting to 
calibrate the low-frequency end of an audio 
oscillator, and must be taken into account. 

period and period-averaging 
measurements 

One of the ways in which accurate low- 
frequency measurements may be made is to 
measure the period of the signal, rather than the 
frequency. Since the period of a signal is the 
reciprocal of its frequency, the frequency can be 
calculated accordingly. It might also be expected 
that a simple reciprocal arrangement of the func¬ 
tional blocks of an electronic counter would pro¬ 
vide a measurement of period, which turns out to 
be true. 

In fig. 3, the time-base and signal inputs have 
been interchanged. If the gate-control circuit is 
configured so that the gate is open for one period 


of the input signal, and the 1-MHz clock is applied 
to the gate input, a series of pulses having a period 
of 1 microsecond will be gated through to the 
decade counters. Therefore the counter will in¬ 
dicate the period of the input signal in 
microseconds. If the clock frequency were reduced 
to 1 kHz, the counter would display the signal 
period in milliseconds. 

Let us now reconsider the frequency measurement 
of the aforementioned 20-Hz signal to see how we 
can improve the possible ±5 per cent error which 
can occur with a 1-second gate time. The 20-Hz 
signal period is 0.05 second, so that if the counter 
were configured to measure period, it would display 
50,000 microseconds. Thus, the number of signifi¬ 
cant digits in the display has been increased from 
two to five, and the gate time reduced from 1.0 to 
0.05 second. Now if you were calibrating the audio 
oscillator and wanted a 1 per cent dial accuracy, you 
could accept any reading between 49,500 and 50,500 
microseconds, subject to the correction for period- 
measurement accuracy. 

Period measurements are inherently less accurate 
than frequency measurements because it is the 
signal, rather than the time base, which controls the 
gate time. Noise on the input signal, regardless of the 
measurement mode, causes an uncertainty in the 
point at which the trigger circuit in the signal condi¬ 
tioner switches. (It is the trigger circuit which con¬ 
verts the input signal to a waveform which is com¬ 
patible with the counter's circuitry.) If the noise is not 
great enough to cause false triggering which would 
result in more or less output pulses than correspond 
to the input, no significant error is introduced in a fre¬ 
quency measurement. 

For period measurements, however, this uncer¬ 
tainty results in an error in the gate time, since the in- 


Ballantine's model 5720A Frequency Counter covers the 
range from TO Hz to more than 80 MHz and provides fre¬ 
quency and ratio measurements. This counter also includes 
an audio multiplier circuit for input frequencies from 50 Hz 
to 1 kHz which provides resolution of 0.01 Hz with only 1- 
second measurement time (photo courtesy BaUantme 
Laboratories). 
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Heath's model IM-4130 is capable of measuring period, 
period average, events (totalizing), and frequency over a 
5-Hz to 1-GHz range. Since it has provisions for connecting 
an external time base, ratio measurements can also be 
made, as explained in the text (photo courtesy Heath Coni' 
pany). 

put signal controls the gate time. This error is known 
as trigger error, and is part of the instrument 
specification for period measurement, usually ex¬ 
pressed as ± time-base error ± trigger error ± 1 
count. Notice that the trigger error has been added 
to the previously discussed expression for frequency- 
measurement error. For low-frequency noise on a 
sine-wave input, the approximate worst-case errors 
are ±3 per cent for a 20-dB signal-to-noise ratio, 

ERROR IN MEASUREMENT 


±0.3 per cent for a 40 dB signal-to-noise ratio, and 
± 0.03 per cent for a 60-dB signal-to-noise ratio. 

In addition to the trigger error caused by noise, the 
stability of the input signal may be such that succes¬ 
sive gate times are of differing durations. Even 
though the differences may be minute, they will 
manifest themselves as a continuously changing dis¬ 
play on the counter, especially at high resolutions. 
This is not to be considered a counter error, since it 
does not occur with a stable input signal. 

Period errors may be minimized by averaging the 
readings over several periods of the input signal. If 
the input-signal frequency is divided to a lower fre¬ 
quency, the gate will remain open for a multiple of 
the input-signal period, so that the counter will 
display the number of clock pulses for 10, 100, 1000, 
or more periods. A typical counter configuration for 
the period-averaging mode appears in fig. 4. The 
frequency-divider chain is split so that both the time- 
base oscillator and/or signal frequencies are divided 
to obtain the desired resolution and number of 
periods which are to be averaged. The counter will 
display the period measurement, regardless of the 
number of periods averaged, simply by having the 


PERCENTAGE IO~* FRACTION 

I I I 



MEASURED FREQUENCY (Hi) 

FREQUENCY MEASUREMENT PERIOD AVERAGE MEASUREMENT 

tt count tI COUNT 

t time oase accuracy t time base accuracy 

Kt 3 PARTS IN tO 1 ASSUMED) t TRIGGER ERROR • 0.3% PER PERIOD 

fig. 5. Measurement accuracy of a counter having a 10-MHz time base with an assumed accuracy of better than 3 x 10 7 . 
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display decimal point moved as the periods-averaged 
switch is changed. 

Period averaging reduces the possible trigger error 
by a factor equal to N, the number of periods aver¬ 
aged, so that the error for this mode is ± time-base 
error ± (trigger error)/iV± 1 count. If enough periods 
are averaged, the trigger error can be reduced to a 
value which may be of little significance. It must be 
remembered, however, that the gate time increases 
by the same factor, which may make the measure¬ 
ment time quite long. For example, a 20-Hz signal 
has a period of 0.05 second; averaging 100 cycles 
results in a gate time of 5 seconds; averaging 1000 
cycles entails a 50-second gate time, which is nor¬ 
mally too long for convenient measurements. 

From the preceding discussion, we can deduce 
that there is a point below which period or period¬ 
averaging measurements provide a more accurate 
reading than a correspondng frequency measure¬ 
ment. This can be calculated, taking into account the 
1-count ambiguity, time-base error, trigger error, and 
gate time. More conveniently, it can be plotted, as 
shown in fig. 5. These curves apply to a counter hav¬ 
ing a 10-MHz time base of the accuracy specified, 
and indicate which measurement mode should be 
used for the desired measurement accuracy. 



fig. 6. Functional block diagram of a totalizing counter. The 
gate-control switch can be either a manual switch or an in 
ternal switching circuit. 


In many instances, measuring the ratio of two fre¬ 
quencies is a time-saving procedure. A typical case 
might involve designing or troubleshooting a phase- 
locked loop, where the output frequency is a discrete 
multiple of a reference oscillator. Since the output 
frequency may be divided by a factor of up to several 
thousand within the loop, an error or glitch causing a 
one-count error in this division may not be readily 
apparent unless a ratio measurement is made. 

In conjunction with fig. 1, we discussed the 
method by which frequency is measured. Another 
way of defining this measurement is to state that the 
counter displays the ratio of the input frequency to 
the clock frequency. By using an internal clock 
whose frequency is known, the ratio can be dis¬ 
played in megahertz, kilohertz, or hertz. If an external 
signal were used in place of the time-base oscillator. 



fig. 7. Using a totalizing counter to measure contact 
bounce. When relay voltage is applied, the counter will dis¬ 
play the number of contact bounces. 


the counter would still display the ratio of the two 
frequencies, except that it would no longer be in 
hertz or a multiple thereof (unless the external fre¬ 
quency were the same as the time-base frequency). 
Counters which provide specifically for ratio 
measurements incorporate provisions for changing 
the display to a dimensionless number, and position 
the decimal point accordingly. 

Many counters do not have an apparent capability 
of measuring ratio, but can actually be used in this 
mode. If the counter has provisions for using an ex¬ 
ternal time-base oscillator, the reference signal 
against which ratio is to be measured can be intro¬ 
duced into the external time-base connector. It is 
necessary that the amplitude of this external refer¬ 
ence signal be as specified for the counter being 
used, that its frequency be within the range that the 
counter will accept as an external time base, and that 
the internal time-base oscillator frequency be known. 

The ratio of the input signal frequency to the exter¬ 
nal reference frequency is determined from the 
expression 

fstjr _ fctr 
fref fint 

where 

f ug is the input frequency 

f re f is the external reference frequency 

f. ctr is the frequency displayed on the counter 

f int is the internal time-base oscillator 

frequency. 

totalizing 

Perhaps the simplest function of which an elec¬ 
tronic counter is capable is that of totalizing, or 
accumulating, a count of input events. Because this 
mode does not require a time base, as indicated in 
fig. 6, it probably should have been covered 
previously as the most basic counter circuit. 
However, totalizing is not usually a function of low- 
priced counters, nor does it have major applications 
in amateur work; therefore I have delayed discussing 
it until the modes of greater interest were described. 

The gate-control switch shown in fig. 6 can be 
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either a manual switch or an internal switching circuit 
actuated by the input signal. Switching the gate- 
control switch to on resets the decade counters to 
zero and allows the processed input signal to pass 
through the gate for the length of time that the 
switch is held on. When the switch is turned off, the 
count stops and the number of input events which 
has occurred is displayed on the counter. 

An application which is of interest in these days of 
digital logic circuits is that of measuring contact 
bounce. Fig. 7 shows a simple circuit which permits 
such a measurement for either a relay or a manually 
actuated switch. When voltage is applied to a relay 
coil (or a manual switch is operated), the contacts 
will usually open one or more times after the initial 
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fig. 8. Functional block diagram of a time-interval counter, 
which counts the number of clock pulses between the time 
the gate is opened by the START input and closed by the 
STOP input. 

closure because of the elasticity of the switch 
materials. This results in the waveform shown in the 
illustration, which is applied to the counter. The 
counter will then totalize and display the number of 
bounces. 

time interval measurements 

A counter may be used to measure the time inter¬ 
val between two input events, but this mode of 
operation requires two input-signal-conditioning cir¬ 
cuits and a more complicated gate-control circuit; it 
is therefore found only in the more expensive profes¬ 
sional instruments. As shown in fig. 8, the gate con¬ 
trol has two inputs, one from each of the signal 
conditioners. The gate is opened by the processed 
start input, allowing the accurate clock pulses to 
pass through to the decade counters until the stop 
input closes the gate. Thus the counter will display 
the time interval between the two input signals. 

The start and stop points are determined by the trig¬ 
gering levels and slopes selected by circuits in the 
signal conditioners. The time-interval resolution is 
limited by the clock frequency, and is subject to the 
same ± 1-count ambiguity as all other measure¬ 
ments. As with period averaging, this ambiguity can 
be reduced for repetetive signals by averaging the 
time-interval measurements. When averaging, the 


fig. 9. Reactance of 120 pF {typical for a high-impedance 
counter input with a 3-foot or 1-meter cable) plotted against 
frequency. 

ambiguity becomes ± l count + VA^where N is the 
number of time intervals averaged. 

An important application of time-interval measure¬ 
ment is the accurate determination of pulse width. 
The signal under measurement is applied to both the 
start and stop inputs. If the start channel is set to 
trigger on the positive slope, and the stop channel on 
the negative slope (or vice versa), the counter will 
indicate the time interval between the leading and 
trailing edges of the input signal. Adjustment of the 
triggering levels will permit the measurement to be 
made between the desired points on the edges. 

The upper frequency limit of the modern basic 
counter is dependent on the type of digital logic 
devices used in the signal conditioner and the first 
decade counter. This frequency limit may be as high 
as 50 MHz for conventional TTL, 120 MHz for Schott- 
ky TTL, and 250 MHz for ECL. Above those frequen¬ 
cies, prescaling is generally used to increase the fre¬ 
quency range, up to about 1300 MHz. 

Prescaling simply means that the input frequency 
is scaled, or divided, down to one which is within the 
basic range of, and is measured by, the basic 
counter. The divisor may be any integral number. If 
the prescaler is external to the counter, it will usually 
divide by 10 or 100, so that the frequency can be read 
directly from the counter after you have mentally 
multiplied the counter reading by 10 or 100, as appli¬ 
cable. If the prescaler is built into the counter, it may 
scale by any integral factor. 

The advantage of using an external prescaler is 
obvious — it permits extending the frequency range 
of an existing counter at relatively low cost. Its disad¬ 
vantages become equally obvious after it has been 
used. First, there is the necessity of mentally moving 
the decimal point, since the counter is actually dis- 
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playing the divided input frequency. Second, one 
digit of resolution is lost for every decade of scaling. 
For example, a 145,600.0-kHz signal measured with a 
scale-by-ten prescaler will read 14560.0 kHz on a 


fig. 10. The effect of triggering hysteresis. The waveform at 
{A) will result in output from the trigger circuit, while those 
at (B) and |C) will not because neither crosses both limits 
of the hysteresis band. 

counter having a 0.01-second gate time (0.1-kHz 
resolution). Multiplying by ten yields a frequency of 
145,600 kHz; the 0.1-kHz resolution is lost by scaling. 
It can be re-established only by increasing the gate 
time by a factor of ten, provided the counter has that 
capability. 

If the prescaler is an integral part of the counter, 
mentally scaling and moving the decimal point is 
eliminated, since this will be accomplished in the 
counter when the mode is changed from direct count 
to prescaled count. Nevertheless, the loss of resolu¬ 
tion remains. It can be minimized, however, by scal¬ 
ing by a factor less than ten, and simultaneously in¬ 
creasing the gate time by the same factor. 

Suppose that the internal prescaler divides the in¬ 
put frequency by four. If the gate time is increased by 
the same factor, there will be no change in the num¬ 
ber of signal pulses gated through to the decade 
counters, and the display will read out the correct 
frequency. Consequently, prescaling is accom¬ 
plished with only a fourfold increase in gate time, 
which is generally acceptable. 

Switching from direct to scaled operation may be 
carried out in one of three ways. If a single input 
connector is used, the counter mode is generally 
switched manually. If two separate input connectors 
are employed, one for low-frequency signals and the 
other for high-frequency inputs, the counter mode 
may be switched manually or automatically when the 
input signal is present at the high-frequency input. 

input impedance 

Counters which measure frequencies below 250 
MHz or so usually present a high input impedance — 
typically 1 megohm shunted by 30 to 40 picofarads. 
Above that frequency, the input impedance is 
generally a nominal 50 ohms, although the vswr may 
be as high as 2.5:1. At audio and low radio frequen¬ 
cies, a high input impedance is normally desirable. 


since it minimizes the load on the circuit under test. 
But just how high in frequency is this true? 

Consider a counter with an input impedance of 1 
megohm shunted by 32 pF, which is used with a 
three-foot (91cm) cable made from RG-58C/U coax. 
The capacitance of RG-58C/U is 29.5 pF per foot 
(96.8 pF per meter), so that the total shunt capaci¬ 
tance presented to the circuit under test is approxi¬ 
mately 120 pF. The reactance of this shunt capaci¬ 
tance, plotted against frequency, is shown in fig. 9. 
It can be seen that the reactance drops to approxi¬ 
mately 1300 ohms at 1 MHz, and is only about 130 
ohms at 10 MHz. So the input impedance can no 
longer be considered high. On the other hand, if the 
counter had a nominal 50-ohm input, you would 



fig. 11. Erroneous counting caused by harmonic distortion 
is shown at (A). The false count can be eliminated by ad¬ 
justing the level control, as indicated at IB), or by increasing 
the signal amplitude, as shown at (C). 

know the loading effect, within the limits defined by 
the specified vswr. 

Suppose that you had to check the frequency of a 
70-MHz crystal oscillator which was designed to feed 
a 50-ohm load. If your counter has a 50-ohm input, 
all is well. However, if it has only a high impedance 
input, the shunt capacitance of the counter plus a 
cable will more than likely load down the oscillator 
and change the frequency, if it continues to oscillate 
at all. Fortunately, a relatively inexpensive accessory 
will solve the problem. By using a 50-ohm feed¬ 
through termination* at the counter connector, a 
50-ohm interconnecting cable will be reasonably well 
terminated, and will present a load close to 50 ohms 
at the oscillator. 

The same thing may be accomplished by using a 
20-dB loss pad at the input connector of the counter, 
provided that there is enough signal to trigger the 
counter after having been attenuated by the pad. 

Even at low frequencies, the shunt capacitance 
may be too high for certain applications, such as 
checking filters. Capacitive loading can be reduced 
by using a 10X oscilloscope probe. Such probes typi- 

*Such as the Heath SU-511-50, Hewlett-Packard 10100C, Tektronix 
011 -0049-01, Systron Donner 454, and other similar types. 
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fig. 12. False counting caused by ringing is shown at (A) and 
(B). Proper adjustment of the reference level and/or ampli¬ 
tude, as shown at (C), corrects the fault. 

cally present a 10-megohm resistive load shunted by 
5 to 15 pF, but of course attenuate the signal by a 
factor of 10. 

input signal levels 

One of the parameters invariably specified for a 
counter is sensitivity, generally in millivolts, but often 
in dBm for 50-ohm inputs. This indicates the mini¬ 
mum signal needed at the counter input to ensure 
reliable triggering. Of equal, and possibly more 
importance, however, is the maximum signal which 
may be applied to the input without damaging the 
instrument. 

For high-impedance inputs, the maximum signal 
voltage is usually specified as the sum of a dc value 
plus a peak ac value. The peak ac value may vary 
with frequency, going down as the frequency in¬ 
creases. The sum of ac plus dc is limited by the input 
blocking capacitor; the limiting ac value alone is a 
function of the input device in the signal conditioner. 
To be safe, when measuring at any point in a circuit 
where dc is present, always use an external blocking 



B&K Precision 1820 Universal Frequency Counter will meas¬ 
ure frequency from 5 to 520 MHz, and permits high-resolu- 
tion period measurements from 5 Hz to 1 MHz. Decimal 
point position and unit-of-measure display is selected auto¬ 
matically for best resolution [photo courtesy B&K Pre¬ 
cision K 


capacitor of the smallest value which will permit 
reliable triggering. And if there is any possibility of 
the ac signal exceeding the specified maximum for 
the counter, use an external attenuator or dividing 
probe. 

For low (50-ohm) impedance inputs, the maximum 
signal level is limited by the input circuit of the signal 
conditioner. This level is generally much lower than 



fig. 13. Spurious counts can result from noise on a signal 
when the noise is of sufficient amplitude to cross the hys¬ 
teresis band. 


for high-impedance inputs, and is typically between 
+ 19 and + 27 dBm (2 to 5 volts rms across 50 
ohms). Because of the relatively high cost of the 
high-frequency input device and the possibility of ap¬ 
plying excessive power from a transmitter, the 50- 
ohm inputs are fuse-protected in many counters 
which can function at 500 MHz and higher. 

Although it should be obvious, the following warn¬ 
ing must be included: Never connect a counter 
directly to a transmitter or any other high-power 
signal source I Use a short length of unshielded wire 
as an antenna at the counter input connector, an 
inductive coupling loop at the end of a shielded 
cable, and/or an attenuator of sufficient power 
rating. The counter you save may be your own! 

If the counter is battery-powered, and there is no 
direct connection between it and the circuit or gener¬ 
ator under test, the counter should be grounded. 
This will reduce noise pick-up, especially when using 
a counter with a high input impedance. 

triggering 

The signal-conditioning circuits in all counters in¬ 
clude a trigger circuit which, as previously stated, 
provides output pulses whose amplitude and wave¬ 
shape are compatible with the counter circuitry 
which follows, The sensitivity of the counter 
depends on the threshold level of the trigger input 
and the amplification between it and the input of the 
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counter. If the amplified input signal has insufficient 
amplitude to reach the threshold level, the instru¬ 
ment will not count or will perform erratically. 

All trigger circuits have a hysteresis band, through 
the limits of which the input signal must pass in order 



missing counts when the signal amplitude is too low. 

to result in an output pulse. Fig. 10 shows three in¬ 
put signals in relationship to the hysteresis band. 
Sine wave A crosses both the upper and lower limits 
of the band, and will actuate the trigger circuit; the 
amplitude of sine wave B is too small, so triggering 
will not occur; and waveform C crosses the upper 
threshold, but not the lower, so again no output will 
be produced by the trigger circuit. 

It is the action of this hysteresis effect which can 
result in erroneous counting which is so confusing to 
a relatively inexperienced operator. Suppose that the 
input to the counter were a sine wave with consider¬ 
able second-harmonic distortion, a not uncommon 
situation. In fig. 11A, the amplitude of the signal is 
such that the positive half-cycle crosses the hyster¬ 
esis-band limits twice, instead of once. The trigger 
circuit will generate two output pulses for each input 
cycle, and the counter will display twice the funda¬ 
mental frequency of the signal. If the counter has a 
level control, which adjusts the reference level at the 
input of the trigger circuit, it can be adjusted to elimi¬ 
nate the false count, as shown in fig. 11B. If there is 
no level control, as is the case with most low-priced 
counters, the problem can be eliminated by increas¬ 
ing the amplitude of the input signal, as depicted in 
fig. 11C. 

A similar problem may arise when measuring the 
frequency or period of a signal comprised of fast 
pulses. If the interconnecting cable is not terminated 
in its characteristic impedance, or if other impedance 
discontinuities exist, ringing will occur on the pulses. 
If the ringing traverses the hysteresis band, as shown 
in fig. 12A and 12B for two different reference 
levels, a false count will result. Proper adjustment of 
the signal amplitude and reference level, indicated in 
fig. 12C, will provide the correct count. 


Another way of solving the ringing problem, which 
is useful when the reference level and/or amplitude 
cannot be changed, is to use a low-value resistor 
(100 to 1000 ohms) between the circuit point under 
test and the counter cable. This resistor, in conjunc¬ 
tion with the cable and counter input capacitance, in¬ 
tegrates the pulse and minimizes the pulse aberra¬ 
tions which reach the counter. 

Figs. 13 and 14 illustrate two other conditions 
which can result in false counts. The noise transients 
on the signal shown in fig. 13 will cause additional 
counts, while amplitude modulation may result in 
missing counts, as shown in fig. 14, if the amplitude 
of the input signal is too small. In either case, the 
solution is the same as previously prescribed — 
change the reference level and/or the signal 
amplitude. 

In our earlier discussion of period and period¬ 
averaging measurements, it was stated that the trig¬ 
ger error resulting from noise on the input signal 
contributed to the measurement error. This is shown 
in fig. 15, in which a sawtooth wave is used to 
demonstrate the effect of slope, or slew rate, on the 
trigger error. It can be seen that the noise voltage on 
the relatively slow rise-time can cause a much greater 
trigger error than that which occurs on the fast fall¬ 
time. Thus we can see that the trigger error can be 
minimized by triggering on the steepest portion of 
the input signal to the counter. For a sine wave, this 
will be that part of the waveform at the zero axis, 
leading to the conclusion that a signal of the max¬ 
imum possible amplitude should be used. 

It should be apparent from the preceding discus¬ 
sion that an input attenuator on the counter can be 
of considerable help in establishing the correct input 
level to the trigger circuit. In many of the lower- 
priced counters an attenuator has been omitted 
because of cost and because it was felt that limiting 
diodes at the input of the signal conditioner would 
protect the input device. The latter reason is valid 



fig. 15. Trigger error in period and period-averaging meas¬ 
urements, caused by noise in the input signal. The error is 
minimized by a fast slew rate through the hysteresis band. 
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fig. 16. Test setup for calibrating the time-base frequency 
against WWV. 


only where overload is considered, for even a two* 
position attenuator can be extremely valuable in 
eliminating false counting. 

time-base calibration 

.Unless an oven oscillator or TCXO is used as the 
time base in a counter whose oscillator circuit is 
energized continuously, the oscillator frequency 
should be checked, and adjusted if necessary, 
whenever accurate measurements are to be made. 
Be sure, however, that the counter is fully warmed 
up before checking or recalibrating the oscillator. 

In order to calibrate the time-base frequency, 
either a standard of known accuracy or a com¬ 
munications receiver capable of receiving WWV is 
required. If the standard is at least five times more 
accurate than the best resolution of the counter at 
the time-base frequency, it can be applied directly to 
the input of the counter. Then adjust the time-base 
oscillator frequency control for the correct frequency 
read-out on the counter. 

A more accurate adjustment may be made if the 
counter has an output connector from which a 
1-MHz time-base signal can be obtained. Connect 
this output to the vertical input of an oscilloscope, 
and connect the output of the frequency standard to 
the horizontal input/ The scope will display a Lissa- 
jous pattern, which will probably be moving. Adjust 
the time-base frequency control until a stationary 
pattern is obtained. 

If the counter is to be calibrated against WWV, a 
time must be chosen during which transmissions are 
received with an absolute minimum of fading. Select 
the highest receiving frequency possible ( e.g. 15 
MHz) to achieve the greatest calibration accuracy. 
The calibration technique involves obtaining a visual 
beat indication on the receiver S-meter, and ad¬ 
justing the time-base oscillator frequency for as close 
to a zero-beat as possible. 

In order to obtain a good beat null, the time-base 

•These connections are based on the assumption that both the horizontal 
and vertical amplifiers in the oscilloscope will pass a 1MHz signal. If Ihe 
counter has a time‘base output of higher frequency, it can also be used, 
provided thal it is within the frequency range of the scope. The lower of the 
two frequencies (the standard and the counter time base) should be con¬ 
nected to the horizontal inpul. since the horizontal frequency limit is usually 
lower than the vertical. 


signal which is applied to the receiver must be of the 
correct amplitude relative to the signal level from 
WWV. Since we cannot control the latter, we have 
to be able to vary the signal level from the counter. If 
the counter has a 1-MHz output from the time-base 
circuit, make the connections shown in fig. 16. If a 
time-base signal is not brought out to a connector on 
the counter, substitute an insulated wire for the coax 
shown connected to the receiver antenna terminal 
and place it near the counter time-base oscillator or 
frequency-divider chain. In either case, the harmonic 
of the 1-MHz signal should result in a low-frequency 



Leader LDC822 Frequency Counter measures frequency to 
80 MHz and features selectable gate time and input attenua¬ 
tion (photo courtesy Leader Instruments), 

beat with WWV. {This will not be an audible beat 
unless the time-base oscillator is very far off frequen¬ 
cy; more likely it will be observed as a rythmic varia¬ 
tion in the S-meter reading.) Adjust the potentiom¬ 
eter shown in fig. 16, or change the position of the 
insulated wire, to obtain the deepest beat null on the 
receiver S-meter. 

It should be possible to adjust the time-base fre¬ 
quency so that the beat-frequency period is several 
seconds, which corresponds to a remarkably accu¬ 
rate short-term frequency setting. To demonstrate 
this, assume that eight beats are observed on the S- 
meter in a 60-second period. The beat frequency is 
therefore equal to 8/60, or 0.133 Hz. If the beat is 
measured at 15 MHz, the error is 0.133/15 x 10 6 , or 
8.9 x 10” 9 . Of course, this degree of accuracy may 
hold only for a short period of time, because the 
stability of the counter time-base oscillator, unless it 
is an oven type, is nowhere near that good. Never¬ 
theless, highly accurate measurements may be made 
until the counter is turned off or a temperature 
change affects the time-base oscillator. 

ham radio 
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simplifying the 

digital frequency counter 


Some innovative ideas 
for high-resolution 
counters using cmos — 
ttl devices 

Radio amateurs have had a long history of 
pioneering in electronics. My experiments with the 
new 1C technology resulted in the following article. I 


and pulse conditioning. Power required is 5 volts at 
1.5-2 amps or more! Only one example was found 
using CMOS. It still used 21 chips and was limited to 
4 MHz. 

A number of the newer CMOS combinations are 
available from which to choose for simplifying the 
counter and decreasing power requirements; the 
Intersil 7208/7207A combination seemed to be the 
most promising, so it was chosen for this project. 

The counter is shown in figs. 1 and 2. Both cir¬ 
cuits comprise a complete frequency counter with 1- 
Hz resolution from below 20 Hz to above 50 MHz, 
and with 10-Hz resolution to above 300 MHz. Nine 
ICs and four transistors are used including the power 
supply and prescaler. Current drain is 200 mA for fre¬ 
quencies below 50 MHz; an additional 130 mA is 
required for higher frequencies. 

Device description. The heart of the counter is the 
7208 CMOS chip. This device contains a 7-decade 
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fig. 1.300-MHz prescaler for the high-resolution counter. 


decided to find out just how much the digital fre¬ 
quency counter could be simplified by using some of 
the newer CMOS combination chips. 

Today's literature shows that much can be done. 
Almost everyone seems to be using TTL technology; 
for example, the 7490/7447 combination dating from 
the 1960s: an 8-digit counter using 7490 devices 
requires 24 chips for the main counter alone , plus 12 
or more (typically) for a crystal-controlled time base 


counter, multiplexer for the display, 7-segment 
decoder, digit and segment drivers, and the logic re¬ 
quired for blanking, reset, input inhibit, and display 
on-off — a regular one-man band! 

The 7207A is another CMOS chip that teams up 

By Holton E. Harris, W1WP, 5 Newtown Turn¬ 
pike, Westport, Connecticut 06880 
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with the 7208. It contains a high-stability oscillator 
and a frequency divider for dividing the 5.24288-MHz 
crystal frequency to obtain the 1-second gate re¬ 
quired for counting. It also provides outputs to 
synchronize the mutliplexer for the displays as well as 
short pulses for latching and resetting the counters. 

CMOS and TTL combination. The one real deficien¬ 
cy of CMOS is that it is slow — i.e., low-frequency 
response. The 7208/7207A combination alone, with 
power supply, LED displays, and crystal can be used 
to make a complete counter (as shown later) but it 
won't count above about 6-7 MHz. Almost all of the 
remaining circuitry in this counter is the old work¬ 
horse TTL, purely and simply to extend the fre¬ 
quency range. 

The 74196 counter is used to get to 50 MHz. This 
device is similar to the 7490 but has a higher frequen¬ 
cy range. A prescaler could have been used instead, 
of course, but a synchronized counter was preferred 
because it retains accuracy in the least-significant 
digit. The 9368 performs the decoder/driver func¬ 
tions for the least-significant digit of the LED display. 

When Intersil first announced the 7208, the com¬ 
panion driver was the 7207. This combination gave a 
gate signal of 0.1 second, so the resolution was 10 
Hz instead of 1 Hz. But the worst of it was that, if all 
seven decades of the 7208 were used, the most-sig¬ 
nificant digit was 10 MHz, which was above the fre¬ 
quency range of the counters in the 7208. In effect, 
therefore, all seven decades could never be used. 

The 7207A, announced in late 1976, corrects the 
problem. It has a gating pulse of 1 second duration, 
permitting 1-Hz resolution. Unfortunately, to make 
room for the added counter stage, the output buffers 
on the reset and enable lines had to be eliminated. 
These signals therefore can't be used to drive the 



7432 TTL gate directly, and an extra buffer was 
required. The 4049 1C is a hex buffer/converter 
designed for this CMOS to TTL interface. The signal is 
passed through the buffer twice with a 4.7k pullup 
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fig. 2. Schematic of a 50-MHz counter with 1-Hz resolution. 
In each counter example, the resolution is decreased by a 
factor of ten by taking pin 11 of the 7207A to V cc . 


resistor at the interstage in an effort to make the 
gating pulse rise and fall times equal. Equal rise and 
fall times are important, since the accuracy of the 
entire counter depends on the time the counting gate 
is open. The 7432 is an OR gate, which removes the 
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Pegboard construction of the counter shown in fig. 3. The 
power supply is shown at left. The two sections were cut 
apart for mounting into a cabinet. 


input signal from the counter input except during the 
counting interval. 

Circuit description. The 5.24288-MHz crystal and 
the oscillator portion of the 7207A form a high- 
precision time reference that determines counter 
accuracy. The crystal is a low drift, 5 ppm type. If 
higher precision is desired, an oven should be used. 

The 7207A has a binary divider chain that divides 
the oscillator frequency by 2 20 to yield a 0.5-Hz 
square wave that sets the counting interval to exactly 
1 second. A higher frequency is picked off to syn¬ 
chronize the 7208 for multiplexing the output 
displays. Pulses are also generated to set the display 
latches and reset the counters at the appropriate 
times. 

After passing through the 4049 buffer, which 
increases the power level to drive the TTL gates, the 
timing signal is applied to the 7432. For the 1 second 
during which the signal is low, the 7432 allows the in¬ 
put signal to pass through to the 74196 counter. The 
74196 counts to 10, puts out a pulse to the 7208, then 
repeats. The 7208 has seven decade stages that 
similarly count successive decades. 

After the 1-second counting period, the gate to the 
7432 goes high and the counters stop. The latch 
pulse from the 7207A transfers this count into the 
latches, and the decoder/drivers in the 7208 convert 
the count to 7-segment form and pass it to the 
display lines. Another pulse from the7207A through 
the 4049 then resets the 74196 and the seven 
decades in the 7208 to zero. Meanwhile the 
multiplexer in the 7208 energizes each LED display in 
sequence. 

The low-frequency preamplifier was cribbed from 
Stark 1 . An additional stage of amplification was 
added after the input fet to increase sensitivity. The 
circuit thus consists of a two-stage amplifier driving a 
Schmitt trigger. The Schmitt trigger turns on at one 


level and turns off at another, much lower, level so 
that slowly rising signals can't cause jitter, and false 
triggering is avoided. 

The prescaler to extend the range is likewise con¬ 
ventional. It was lifted from the excellent article by 
Kitchens 2 . Why argue with success? 

One point may appear puzzling. If you check the 
Intersil 7208 data, you'll find the multiplexer input 
brought into pin 16. This leaves two prior CMOS 
gates open, which is bad practice. I couldn't get the 
device to work at all with that connection. Bringing 
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fig. 3. Schematic of a 30-MHz counter with 10-Hz resoiu 
tion. 
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fig. 4. Simplified counter that operates up to 6 MHz with 
10-Hz resolution. 

the multiplexer input to pin 19, as shown in fig 2, 
ties everything down and cures the problem. 

The new National 5881, 581, and 583 multiple 
display LEDs were used because when they first 
came out they were even cheaper than surplus 
standard units. If I had it to do over again. I'd use the 
conventional FND-507 even if more wiring is 
required. 

construction 

I built the circuit on pegboard using point-to-point 
wiring with a Vector wiring pencil, A more enter¬ 


prising builder might wish to make a PC board. The 
only adjustments required are to tune the crystal to 
exact frequency using the 8-40 pF trimmer and to 
adjust the 5k pot in gate 2 of the 40673 prescaled 
transistor (fig. 1). This latter adjustment is easily 
made by connecting a voltmeter between the 7413 
pin 1 and ground and adjusting the trimmer pot until 
the dc level is about 1.3 volt. 

other forms of the counter 

The one big disadvantage of the counter described 
above is that its sampling time is quite slow. Obvi¬ 
ously, if a resolution of 1 Hz is required, the counting 
gate must be open for one full second. Another 
second is allowed for reset and latch, so that the total 
time to update the display is 2 seconds. Under some 
circumstances, this can seem like forever! 

For most applications, a 1-Hz resolution isn't really 
necessary, and the circuit of fig. 3 can be used. Here 
the 7207 is used as the oscillator/timer. This device 
gives a counting interval of 0.1 second and a total 
period of 0.2 second. The counter thus updates 5 
times per second instead of once every 2 seconds, 
and action seems much more normal. The resolution 
is, of course, only 10 Hz instead of 1 Hz, which is suf¬ 
ficient for most purposes. 

The counter shown in fig. 3 includes further 
simplifications. The functions of the 7413 Schmitt 
trigger and the 7432 OR gate are combined in a single 
1C, the 74132. This device is a quad 2-input NAND 
Schmitt trigger, which does both jobs. This change 
could, of course, be made in the circuit of fig. 2. 

Fairchild FND-503 displays are used here. The 100- 
ohm limiting resistors were eliminated for a brighter 
display, which increased total counter current from 
200 to 300 mA. 

A further simplification is possible if the highest 
frequency to be counted can be limited to 6-7 MHz. 
In this case the 74196, together with the 9368 and 
7432, can be eliminated. The circuit is shown in fig. 
4. The 7208 1C provides the counting function. 
Resolution is again 10 Hz, and the seventh digit in the 
readout is omitted, since it can never be used in this 
instance. However, the circuit makes a mighty sim¬ 
ple counter. 

I'd like to express my appreciation to my co¬ 
worker, Josh Schwartz, without whose excellent 
and timely suggestions this project couldn't have 
been completed. 
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how to modify 

your frequency counter 


for direct counting 
to 100 MHz 


Simple 1C circuit 
can be used in an 
existing frequency counter 
to extend its 
direct counting range 
to 100 MHz 


When the prices of TTL integrated circuits first 
dropped to the point where the average amateur 
could use them to build a frequency counter, the 
maximum operating frequency was about 25 MHz. 
Then came the Fairchild Semiconductor 95H90 
prescaler with its 350 MHz capability. This promised 
reliable measurements at 220 MHz, but some of the 
earlier homebrew counters were frequency limited 
and could not use the prescaler to its full advantage. 
Next came the Fairchild 11C90, which was rated at 
650 MHz and the 1300 MHz counter from Hewlett- 
Packard. It will only be a matter of time before an in¬ 
expensive 1 GHz prescaler reaches the market. It 
hasn't arrived yet, but I decided to redesign my 
counter to adapt to such a prescaler, when it comes. 

There has been a flood of second-generation TTL 
ICs appearing in the past few years that would both 
increase the speed and diminish the size of a modern 
frequency counter over one using the standard 7490 
decade counter, 7475 latch, and 7447 LED 
decoder/driver. I decided that a complete rebuilding 
of my counter, while interesting, could not be 
justified. In this project described in this article a 
single board, containing a gate circuit and the first 
decade counter, is substituted for the original. This 
board can be used in any counter which has a 
positive gate-enable pulse, a positive or negative 
reset pulse, and enough room to sandwich in the 
modification. 

circuit operation 

The gate function is performed by one gate of a 
74S00. When a positive enable pulse is applied to 
one NAND gate input (during the counting period), 
the gate will act like an inverter to a square wave ap- 


By Ian MacFarlane, WA1SNG, 102 Columbus 
Avenue, Greenfield, Massachusetts 01301 
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fig. 1. Schematic diagram of the 100 MHz counter. If your existing counter has a positive reset pulse, jumper C to CC and D to 
DO as shown here; if the reset pulse is negative, jumper C to D. If the count enable pulse is negative, jumper A to AA and B to 
BB as shown; if positive, jumper A to B. Not shown here but included on the circuit board are two bypass capacitors from the 
power supply to ground, C2 and C3. 


plied at the second input. As the gate enable pulse 
falls to a logic zero, the NAND output rises to one, 
and is not affected by state changes at the second in¬ 
put. Consequently, the gate operates as an on/off 
switch to control the flow of the signal to be counted 
into the first decade counter. If your counter uses a 
negative enable signal, provisions have been made 
on the circuit board to use an extra NAND gate to in¬ 
vert the count-enable pulse. 

A 74S196 presettable decade counter is used to 
extend the guaranteed count frequency to 100 MHz. 
The typical frequency limit is 140 MHz. To disable the 
preset feature, all presettable data inputs must be 
held at a logic one, along with the Count/Load input. 
Binary-coded-decimal counting is provided by con¬ 
necting out Qa to Clock Input 2, and injecting the 
signal to be counted into Clock Input I. Counting oc¬ 
curs on the negative transitions of the count pulse. 
The reset (dear) pulse must also be negative, unlike 
that used for 7490 decade counters, so one NAND 
gate is used as an inverter. If your counter also uses a 
negative reset pulse, it is possible to directly drive the 
dear input, so long as the fanout of your clear line is 
not exceeded by the 74S196 requirements. Unlike a 
7490, the dear input of the Schottky chip is two 
standard Schottky loads (or 2.5 standard 7400 series 
loads). If your counter has a maximum of eight 
digits, you should not encounter any difficulty. 
However, don't try to drive the reset line with an L or 
LS series device because it wiff not be abfe to supply 
sufficient current. The 74S196's four binary-coded- 
decimal outputs (Qa through Qq) are connected to 
the respective inputs of the latch. 

Signetics Corporation manufactures a plug-in 
replacement for the 74S196 called the 82S90. This 
might be the easiest device to find for some people, 
but for me the difficulty of trying to locate a 74S196 


was second only to finding an 82S90. Neither device 
is stocked by most suppliers, but I have been advised 
by Active Electronic Sales that they can supply 
SN74S196N ICs at $3.45 each.* These are Texas 

^Active Electronic Sales Corporation, Box 1035, Framingham, 
Massachusetts 01701. They have a minimum order requirement of 
$10.00, plus a $1.00 postage and handling charge. 



fig. 2. Full-size printed circuit board for the 100 MHz counter 
stage. Component layout is shown in fig. 3. 
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fig, 3. Component layout for the 100-MHz counter. Bypass 
capacitor C2 is a 0.1 *iF or larger disc ceramic; C3 is a 47 
/iF, 10 volt, tantalum or electrolytic. 

Instruments devices with current date code devices, 
but since they are not normally stocked, delivery time 
is three weeks, 

construction and installation 

Circuit details and 1C pin-out diagrams are shown 
in fig. 1. The printed-circuit pattern and component 
placement information is given in fig. 2 and 3. The 


power supply lead should be a separate shielded 
cable (audio type is fine) connected directly at the 
power supply. Connect the shield to the common 
power supply ground point and attach the other end 
to common on the PC board. To prevent ground 
loops, do not ground the board where it is mounted. 

Disc or rectangular ceramic bypass capacitors are 
used liberally to discourage transients but their 
values are not critical — the larger the better. One 
large tantalum or electrolytic capacitor is used to 
eliminate low-frequency transients. Shielded cable 
may also be used to bring the Gate-Enable, Reset, 
Qa through Q D , Count Pulses In, and Count Pulses 
Out signals into and out of the board. Shielded cable 
is not really needed in practice, but it will reduce the 
amount of rf floating around the counter, and may 
prevent jamming of the input circuit. If shielding is 
used, ground the shield at the board and trim back 
the braid at the other end. 

modifying the input circuit 

Extending the range of the input circuit to 100 MHz 
is not absolutely necessary because a prescaler will 
extend the counting range anyway. However, direct 
counting to 100 MHz is easy to accomplish in 
counters which use the two most popular input 
circuits. 

One popular input circuit consists of a fet 
amplifier, often an RCA 40673, driving a Schmitt trig¬ 
ger; a typical circuit is shown in fig. 4. 1 Almost any 
dual-gate mosfet will operate well above 100 MHz, so 
no change is required there. If the Schmitt trigger is a 
7413, it can be replaced directly with a 74S13. 
Discrete Schmitt triggers built up from 7400 or 7404 
gates can usually be replaced with Schottky devices 
without changing any external resistors. 

Another popular counter input circuit first ap¬ 
peared in QS 72 during a review of the HUA Elec¬ 
tronics IBC-la frequency counter. This circuit (fig. 
5) has been widely duplicated over the years with 
varying success. Input sensitivity estimates have 
been reported from 10 to 300 mV, so a few sugges¬ 
tions are in order for anyone having difficulty with 
the HUA circuit. Problems stem from two sources: 
the extreme sensitivity of the unit, and the substitu- 



fig. 4. Counter input and shaper stage used in many homebrew frequency counters was originally used in a commercial instru¬ 
ment; it can be modified for use at 100 MHz as discussed in the text. 
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tion of one TTL sub-series for another (such as a 
74LS04 for the 7404). Sensitivity can be so great that 
leakage from other counter circuitry jams the input, 
establishing a threshold that must be exceeded to 
trigger the counter. The solution is to shield the en¬ 
tire input circuit in a minibox, using coax to bring the 
signal in, and shielded wire, bypassed on both ends 
with 0.1 /tF and 47 /tF capacitors, for the +5 volt sup¬ 
ply. The shield should be grounded at the power sup¬ 
ply and connected as the common return on the cir¬ 
cuit board. 



fig. 5. Popular counter input stage based on the 40673 mos- 
fet which can be modified for operation to 100 MHz as de- 
scribed in the text. 


The second problem concerns differing bias re¬ 
quirements between the standard and LS series. 
When substituting a 74LS04 for a 7404, it is impossi¬ 
ble to simply interchange one for the other without 
changing the external resistors. This problem is not 
as acute when replacing the 7404 with a 74S04, 
because the difference in input current between the 
Schottky and standard series is slight. Only one 
resistor seems to be at all critical, and this is the 560- 
ohm feedback resistor across the first hex inverter, A 
sure way of obtaining the most performance from 
your particular combination of devices is to optimize 
this resistor. Connect a 1000-ohm potentiometer in 
place of the 560-ohm resistor and adjust it for max¬ 
imum sensitivity. Using an ohmmeter, measure the 
resistance (after carefully removing the pot from the 
circuit) and replace it with a fixed value. 

conclusion 

For a total cost of less than $20 for all materials, in¬ 
cluding printed-circuit drafting and etching supplies, 
this circuit can put new life into an otherwise out¬ 
moded counter. The 74S196 will typically extend 
counting to 125 or even 140 MHz, which should ac¬ 
commodate the output of prescalers for many years 
to come. 
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Larsen... 

the <g@@D®@-£ antenna 
in town 
gives you the 

performance! 


Since the first Larsen Antenna was introduced some 
15 years ago, this basic fact has not changed: 

Larsen Mobile Antennas are designed and built 
to outperform. 

With the introduction of the Larsen exclusive Kulrod 
whip, this superior performance is a fact more 
than ever. 

We’re not going to confuse you with details on 
metallurgy, radiation resistance, plating systems and 
all that. Instead we suggest that you make this 
simple test: 

Take any antenna other than a Larsen... one with a 
regular unplated 17-7 PH stainless steel (.100/.050) 
tapered whip. Apply a good husky signal to it... 100 
watts, for, say, a full minute. Then, power off, feel 
the antenna. Careful! Burn blisters aren't pleasant. 

Next... try a Larsen Kulrod Antenna. Put it to the 
same test. 


Amazing isn’t it! 

That's our story. Heat means power... power that isn’t 
radiated ... power you shouldn’t throw away. With the 
Larsen Kulrod, power goes into communicating 
instead of heating the antenna. That’s why you can 
HEAR the difference. 


Larsen Antennas are available to fit all styles of 
mounts and to cover Amateur frequencies from 6 
meters through 450 MHz. Write for complete catalog 
and list of dealers nearest you. 



rsen Antennas 



tn Canada write to: 
Canadian Larsen 
Electronics. Ltd. 

1340 Clark Drive 
Vancouver, B.C. V5L 3K9 
Phone: 604/254-4936 


Kulrod is a Registered 
Trademark of Larsen 
Electronics. Inc. 


11611 N.E. 50th Ave. 
P.O, Box 1686 
Vancouver, WA 98663 
Phone: 206/573-2722 
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simple front-ends 


fora 500-MHz 
frequency counter 

Basic front-end design 
is stressed in this adaptation 
of the Intersil seven digit 
cmos frequency counter 

The advent of the Intersil CMOS counter chip pair, 
the ICM 7208 and 7207A, has resulted in many 
designs which take advantage of the low cost and 
simplicity these chips make possible. I wanted a 
complete, 500-MHz counter, but with no bells and 
whistles. Since most hams do not need more than 
100 Hz resolution at 500 MHz, the counter was re¬ 
stricted to seven digits. With most of the basic work 
already documented in Intersil application notes, the 
only real design problem was to fabricate a suitable 
front-end that interfaced between the prescaler and 
the CMOS integrated circuit. 

As an engineer I have fought many debugging 
wars, enough to know that sure things don't always 
work the way they are designed. Accordingly, I re¬ 
searched the literature for the tried and true. As a 
result, what follows is not entirely original, but it has 
the redeeming virtue that it works, 

50-MHz front end 

The front end is composed of Q1 through Q7, with 
a sensitivity of 300 mV at 30 MHz, falling to 1 volt at 


50 MHz (see fig. 1). Most of the credit for the design 
goes to Marvin Moss, W4UXJ, who adapted it from 
several other similar designs. 

As a single device, the fet used for Q1 does not 
give satisfactory performance. Therefore, Q2 is used 
to bootstrap the voltage at the source of Q1 to more 
closely equal the voltage at the gate of Q1. This also 
greatly reduces the effect of Ql's input capacitance 
at high frequencies, thus maintaining the input 
impedance with increasing frequency. Capacitor C2 
compensates for the small amount of rolloff that will 
never-the-less occur. R5 allows quiescent point 
adjustment for maximum sensitivity. Since the 
remainder of the front end is dc coupled, R5 also sets 
the operating point for the rest of the amplifier. 

Q3 has a fixed gain of approximately 6.8, the ratio 
of R7 to R8. R8 also raises the input impedance of 
this stage to minimize loading on Q1-Q2. C3 tends to 
raise the gain of Q3 to compensate for the rolloff in 
gain brought about by the output capacitance of Q3 
being in parallel with R7. 

Q5 and Q6 form a high-gain amplifier with hystere¬ 
sis. Basically, Q5 is an emitter follower driving the 
common base amplifier, Q6. The base of Q6 is held at 
approximately 6 volts by R12 and CR4. Because of 
the high voltage gain of the common base configura¬ 
tion, the signal alternately drives Q6 close to satura¬ 
tion and cutoff. However, R11 creates a small 
amount of positive feedback, or about a 0.6 volt hys¬ 
teresis. This is necessary to avoid extraneous counts 
on low-frequency signals. 

Transistor Q7 is used as an emitter follower to 
drive the TTL counter circuitry that follows. The low 
value of R14 is necessary, since TTL likes to see a low 
source impedance in the low state. A common-emit¬ 
ter stage might work here, but would require more 
components and would draw just as much current. 

By John H. Bordelon, K4JIU, 1132 Research 
Drive, Marietta, Georgia 30066 
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fig, 1, Schematic diagram of the complete frequency counter including the low-frequency (0 50 MHz) and high-frequency (50- 
500 MHz) preamplifiers. The displays have been wirewrapped into a set of sockets and are shown here as a multiplexed assem¬ 
bly. Other displays can be used but they must be common-cathode types. The crystal frequency is 5.242880 MHz (available from 
International Crystal). All resistors are % watt, 10 per cant tolerance. The 5 and 12 volt regulators are MC7805 and MC7812 ICs. 
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fig. 2. Foil pattern for the 500-MHz frequency counter. 


The 500-MHz prescaler uses the popular and readi¬ 
ly available Fairchild 11C90. This ECL device not only 
has a minimum count rate of 500 MHz, it directly 
drives TTL, and has built-in biasing networks to in¬ 
sure optimum sensitivity. It does not have the older 
95H90's reputation for being picky about supply 
voltage. 

The 2N5179 has got to be one of the most bang- 
for-the-buck transistors around. Reviewing articles 
for using it to drive 95H90s to 300 MHz led me to 
think it would almost certainly work well at 500 MHz, 
especially in view of its fj of over 1 GHz. Such is the 
case, and the sensitivity at 500 MHz is 200 mV RMS, 
and 25 mV at 50 MHz. A 0.3m (1 -foot) antenna yields 
solid counts on a 1-watt, 2-meter mobile 6.1m (20 
feet) away, The low-input impedance is not a handi¬ 
cap in most cases, and a virtue in some. LI, in com¬ 
bination with the 2N5179's output capacitance, 
serves as a low-Qresonant circuit, 

the complete counter 

Referring again to the schematic, I chose a very 
common 1C, the 74196, for the 50-MHz prescaler 
(U3). U2, a 74S00, routes the signals as directed by 
the range switch (S2). This also eliminates the need 


for any front-panel rf switching. Q9 drives the appro¬ 
priate display decimal point, under command of SI 
and S2, to provide a display that always reads in kHz. 
The CMOS counter will not count to its specified 
maximum frequency when driven by TTL; the output 
voltage swing of TTL is too low. U9 cures this prob¬ 
lem by providing a signal that swings from nearly 
ground to very near the supply voltage. Observant 
readers may notice that the signal goes through the 
50-MHz prescaler, even when the 5-MHz range is in 
use. I've applied the signal to the Qp data input; with 
the count/load control (pin 1) low, the Qg signal will 
follow the data input. When pin 1 is high, inputs on 
pin 8 are accepted and prescaled by 10. Taking 
advantage of the architecture of the 74196 in this 
way eliminated the need for any extra gates. 

Resistors R33 through R40 are current limiting re¬ 
sistors for the FND359 displays which I plugged into 
wire-wrap sockets. R26 through R32 are recom¬ 
mended by Intersil to preclude digit driver leakage 
from causing "ghosting" on the display. 

The power supply is conventional. CR17 allows 
use of external battery power and protects the bat¬ 
tery pack should ac be applied to the counter power 
supply. It should be noted that U8 supplies U4, U5, 
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and U9. Otherwise, U5 may be damaged by any volt¬ 
age difference between the two regulators. I de¬ 
signed my circuit board (fig. 2) to take care of this. 

construction 

A printed-circuit board seemed the only reason¬ 
able way to construct the counter.* Fig. 2 shows the 
layout of the board. The two front ends use'good 
high-frequency layout practices. Although two-sided 
boards are generally thought to be de rigueur for 
such situations, they are not always necessary. My 
counter does not talk to itself. One reason for this is 
the use of broad ground planes dividing and encir¬ 
cling some circuits. Note especially the layout of the 
"500-MHz preamp and prescaler. 

The chassis is homemade, black anodized alumi¬ 
num. Transfer letters were used for labeling, with 
clear spray enamel used to protect them. Enamel 
does not seem to cause smearing of the letters, but 
caution was exercised. 

There are no adjustments to the 500-MHz front 
end. In use, a no-count condition may just as likely 
be an overload as well as indication of not enough 
signal. 

The 50-MHz front end requires R5 to be adjusted 
for maximum sensitivity. The best way to adjust it is 
with the aid of a signal generator having a variable 
output attenuator. This way the input signal may be 
reduced in small steps, touching up the adjustment 
of R5, until maximum sensitivity is obtained. 

Adjustment is most critical at 50 MHz, so final 
alignment should be done there. Because my 74196 
was of questionable origin, the maximum count rate 
was just shy of 50 MHz. If operation at 50 MHz 
seems impossible, drop down in frequency and come 
up in small steps, touching up R5 each time. Don't 
forget that if the 74196 is not up to snuff, the 11C90 
will be handicapped as a result. Check the former be¬ 
fore blaming the latter. 

conclusion 

Two of these counters have been built and are op¬ 
erational. About twenty-two more are in various 
stages of construction around the southeastern 
United States. Minimum cost, exclusive of the cir¬ 
cuit board, is about $50, with a maximum cost of 
about $85. 

‘Etched, drilled, and plated circuit boards, of G-10 epoxy fiberglass, with 7 
pages of documentation, ore available lor $15, postpaid, from the author. 
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635V-1 Collins Preselector band pass Filters — They're back! 
2 to 3 MHz. 1 kHz steps, with copy of manual and rack and 
connector. $275.00 


RF Power Meter * identical to HP Model 430C 
- Read article April *77 HR Mag., Pg. 44 for 
use. Copies of article available on written re* 
quest. Our special purchase is your gain at 
$34.95 ea. Note: This is Gen‘1 Microwave. 
451. Bolometer/thermistor mount available 
with purchase. $45.00 


Audio Compressor AN/GSA-33 - 
Five identical plug-in compres¬ 
sor amps with power supply in 
19 inch rack, all solid state, 

600ii in & out, groat for auto 
patch and phono patch. Weighs 
less than 30 lbs. Built like a battleship. $34.95 

RECEIVERS 

Collins 651F-1, 2 to 30 MH 2 in 100 cycle steps, digital tuning, 
US8/LS8/ISB. Stability: 1 part in 10&. Completely remote 
controlled, with all racks, connectors, control head. $1400.00 

R-388/51J — Collins 0.54 to 31 MHz $375.00 

R-390A — 0.54 to 31 MHz, overhauled complete $595.00 

SPECIAL! R-390 with CV591 SSB Converter and outboard audio 
amp. All in neat 19" rack, Special! $500.00 

RACAL Model 6217A, 980 kHz, 32 MHz, All Solid State, lakes 
about 3 inches of rack space, digital tuning $1600.00 

LTV Gill Panoramic Recvr includes CRT display, 100-150 MHz 
with converters. Will make a fine spectrum analyzer. $150.00 

I a □ □ # 

Ij* ^ ^ .0 ^ TMR-5 with front end plug-ins to cover 
I ’• * 105-140 MHz and 200-260 MHz. $250.00 


CEI type 415, 60*250 MHz, all solid state, modular constr., xtal 
controlled, 4 channels. Incredible value. $85.00 

SR-13A, 2 to 30 MHz, good condition. $285.00 

TEST EQUIPMENT 

Frequency Counter, LTV Model G-195, all solid-state $195.00 

Tektronics 545, several to choose from, $175 to $375, de¬ 
pending upon condition; call or write. 

ANOTHER MICROWAVE GOODIE: 2.2 KMc Solid State Trans- 
ponder — includes circulator, balanced mixer, LO (SMA 
connectors alone worth the price). $34.95 

HP608D, 10*420 MHz. $425.00 

Crystal Detectors, HP-423A or equivalent. $25.00 

TRM-3 Signal/Sweep Generator with built-in display, 10 to 420 
MHz (actually contains HP-608A). $325.00 

TRANSMITTERS 

PAL-1K, one kilowatt output linear amplifier, 2-32 MHz con¬ 
tinuous, with all power supplies and manual; unit requires 
only 100-mW drive, uses 8295 final, vacuum-variable tuning, 
complete metering, A real buy . . . $550.00 

GPT-750 Transmitter mfd. by the Technical Material Corp., 2 
to 32 MHz. CW/USB/LSB/ISB, one KW to the antenna, 24 
hrs. a day if you’re so inclined — with documentation, fair 
condition, built like a battleship. $375.00 

Standard T/T pad mounted in 
M a sturdy steel case incl. 2 vol- 
CjCS 1I ume pots & 1 push button 

■T . rjoi a labeled “Stereo” - Also has 2 

phone jacks for headphones, 
microphone, etc. Will make a 
control head. $24.95 


T/T Decoder Board — This 
board was removed from a 
language lab remote control 
system. You draw the sche¬ 
matic (because there wasn’t 
one with the board). $34.95 


Inductuners, mfd by Mallory, 6 turn, 4 stage, P/N 446T001, 
Brand New. $25.00 ea. 

Wanted: Cables, Accessories. Test Set, etc. for RT400/ARC65, 
Especially Radio Set Control, C-1210/ARC-21. 

DISC-CAP, 19075 BRAEMORE RD. 

NORTH RIDGE, CA. 91326 213-360-3387 

Cal. Residents - add Slate Sales Tax. Unfortunately, Disc-Cap 
can only service U. S. customers. 
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precision temperature control 


for crystal ovens 

The National LM3911 
temperature-controller 1C 
is featured in a circuit 
for precision 
temperature measurement 

and control 
in commercially available 
crystal ovens 

Many amateur stations are equipped with fre¬ 
quency synthesizers and digital counters. These 
circuits require a highly stable frequency source. The 
most commonly used frequency standard uses the 
100-kHz quartz crystal. Such standards exhibit 
drift with changes in temperature. More recently, 
the trend has been toward the use of high-accuracy 
AT-cut crystals operating in the 4- to 10-MHz range. 
These crystals also exhibit some temperature drift. 
They must be used in a good crystal oven to obtain a 
stability of better than one part per million over 
extended periods. 


Crystal ovens fall into two categories: on-off (or 
bang-bang) and proportional control. In the former, 
a bimetallic strip makes and breaks the heater circuit. 
Most inexpensive ovens used by amateurs are of 
this type. Temperature variations frequently exceed 
9°F (5°C). These ovens are somewhat erratic in 
operation, especially the older units that have worn 
and pitted strip contacts. With proportional control, 
the heater current is continuously and automatically 
varied to maintain constant temperature. 

This article shows how the National Semiconduc- 




LM39IIN 


fig. 1. Block diagram of the LM3911N temperature control¬ 
ler. The pinout diagram is shown as a top view. 

tor LM3911N temperature controller 1C can be used 
for precision temperature measurement and control. 
This marvelous little device, selling for under $2.00, 
makes it possible to maintain oven temperatures to 
better than 0.18°F (0.1 °C). The LM3911N can be 
used to replace the thermostat in an existing oven or 

By Fred Schmidt, K4VA, 3848 Parkcrest 
Drive, N.E., Atlanta, Georgia 30319 
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can be incorporated into an easily and inexpensively 
built oven. 

The LM3911N* consists of an operational ampli¬ 
fier, zener, and a temperature sensor in an 8-pin 
plastic DIP. The block diagram, taken from the data 
booklet is shown in fig. 1. The sensor develops 10 
millivolts per degree Kelvin between the positive 
supply terminal on the op amp chip and its non¬ 
inverting input. 

on-off and proportional control 

Figs. 2 and 3, also from the device instruction 
booklet, show how the LM3911N can be used for 
simple on-off and proportional control respectively. 
In on-off control, the operational amplifier is used as 
'a comparator When the sensor temperature in¬ 
creases to the value at which the noninverting input 
voltage is equal to the inverting input voltage, the 
output switches from about 6 volts to a fraction of a 
volt. The output can be used to control oven heater 
current by means of a suitable power transistor. The 
voltage at the inverting input terminal determines the 
temperature at which the output switches. 

The proportional-control circuit (fig. 3) generates 
a square wave at the output terminal. The duty cycle 


'Available from Tri-Tek, Inc., 6522 North 43 Avenue, Glendale, 
Arizona 85301, Specifications and Applications Booklet, $.80 
(also. Radio Shack RS3911, Catalog 276-1706, $2.19). 



Installation of tha LM39111C in a commercial oven. 



fig. 2. Circuit for on-off temperature control. 

(ratio of OFF to ON time) is determined by the sensor 
temperature and the voltage at the inverting input 
terminal. Any departure of temperature from the 
desired value causes the duty cycle to change. This 
action is used to change the average heater current 
in such a way as to bring the temperature back 
toward the desired value. Proportioning bandwidth 
refers to the temperature range over which the out¬ 
put is a square wave. When the temperature is above 



1 AU. RESISTORS t/2 WATT COMPOSITION EXCEPT Rt AND ft 3 
WHICH SftOULD BE CARBON FILM OR WIRE WOUND FOR 
TEMPERATURE STABILITY R2 iS WIREWOUNO 

2 wa LUES OF m, R2 AND R3 ARE FOR F5C OVEN TEMPERATURE 

fig. 3. Circuit for proportional temperature control. 

the bandwidth the output will remain low, and when 
the temperature is below the bandwidth output will 
remain high. The square-wave frequency is deter¬ 
mined by the time constant R4C1. The frequency 
varies somewhat over the bandwidth and is max¬ 
imum at the center. 

The complete circuit for proportional control of an 
oven is shown in fig. 4. The 4N30 is a 6-pin dual in¬ 
line 1C containing a light-emitting diode, which is 
optically coupled to a photo-sensitive darlington 
transistor. It drives a power transistor. The oven 
heater is in the power-transistor collector circuit. 
During the ON intervals of the square wave, the 
power transistor is driven to saturation. During the 
OFF intervals it is cut off. 

The photo shows how the LM3911N is installed in 
an oven of the ON-OFF variety. The oven is a Bliley 
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TC0-1A surplus unit with a 6.3-volt, 0.85-A heater 
element. The thermostat was unsoldered and 
discarded. 

The LM3911N was cemented to the inverted-U 
copper strip, which is used to conduct heat from the 
heating element to the crystal. The LM39T1N die is 
on the base of the package. Therefore, it's important 
that the base be coupled as closely as possible to the 
heat source. 

Pins 4-8 are not used electrically and should be 
bent in such a way as to make contact with the cop¬ 
per strip to help conduct heat into the package. 
Pins 1-4 are connected to pins in the oven socket. 

testing 

Performance can be checked by connecting a 
voltmeter across the heating element When first 
turned on, the heater voltage will nearly equal the 
supply voltage. As the oven heats up, the heater 
voltage will go through several damped oscillations 
about a final value of about three volts. {The damped 
oscillation is caused by the thermal lag between the 
heating element and the copper heat conducting 
strip.) 

The maximum temperature overshoot is about 1 
degree C. Bandwidth control R9 should be set about 
two-thirds of the way down from the end connected 
to the supply line. R1 and R3 should be wirewound or 
metal-film resistors. {Composition resistors have a 
large temperature coefficient and would cause the 
oven temperature to change somewhat with changes 
in ambient temperature.) 

R1 and R3 values can be changed if it's desired to 
operate the oven at a temperature other than 75°C. 
The maximum operating temperature of the 
LM3911N is 85°C. 



Photo of can inside showing the placement of the LM3911 
ICs — one for temperature control and the other for tem¬ 
perature measurement. 


Temperature calibration can be performed by 
drilling a small hole in the metal cover just above the 
crystal socket and inserting a thermometer into the 



NOTES: 

I, ALL RESISTORS 1/2 rtwrr COMPOSITION. EXCEPT ftl AND R3. WHICH SHOO 10 HE 
METAL FILM OR WIREWOVNO. 

2 VALUES OF HI. R2 AND R3 ARE FOR OVEN TEMPERATURE OF 73 C 
3. *V SHOULD BE 5-6 VOtrS FOR 63 VOLT SURPLUS OVEN: 9 HZ VOLTS 
FOR HOME BREW OVEN. 

fig. 4. Complete circuit for a proportional temperature- 
control crystal oven. 


oven. The thermometer will take a minute or more to 
reach final temperature. 

homebrew oven 

If a surplus oven isn’t available you can make one 
easily and inexpensively. A homebrew oven offers 
several advantages: 

1. It can be made large enough to include the 
complete oscillator circuit for enhanced stability. 

2. There is room for an additional LM3911N for 
temperature measurement. 

3. It can be constructed with very close thermal 
coupling between the heating element and the 
controller to avoid temperature oscillations 
(hunting). 

The photo shows how an oven can be made with a 
surplus i-f transformer can. The unit measures 1-1/2 
by 2 by 3-1 /2 inches (38x51 x89mm). 

The heating element consists of no. 28 (0.3mm) 
enamelled copper wire wound directly onto the 
aluminum can. The wire should be close wound over 
a length of about 2-1/2 inches (64mm). After 
winding, check for short circuits to the can then 
paint with Red X Corona Dope (General Cement 
Catalog no. 50-2], or with Dipping Varnish (General 
Cement Catalog no. 56-2). 

Connections are brought out to two screws, 
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which are insulated from the can by fiber shoulder 
washers. The oscillator circuit is built onto a PC 
board, which is held in place by two metal brackets. 
At the top of the board is a ceramic trimmer capaci¬ 
tor for frequency adjustment. A hole in the top of the 
can allows screwdriver adjustment for frequency 
trimming. 

Two LM3911N chips are cemented to the inner 
surface of the can as shown in the photo. The 
second chip is used as an electronic thermometer. 
After assembly, the oven is insulated with two layers 
of styrofoam. A convenient source of this material is 
the 16-ounce (472ml) styrofoam drinking cup. 

In the unit shown, the cold resistance of the heater 
winding is about 6 ohms. The regulated supply for 
the heater should deliver between 9 and 12 volts. 
For a smaller-size can it may be necessary to use 
smaller wire for the heater. A cold resistance of 6 to 
8 ohms is about right. 

thermometer circuit 

The thermometer circuit is shown in fig. 5. Re¬ 
sistance values are for a 0-1 mA meter and a tem¬ 
perature range of 70° - 80°C (158-176°F). Other tem¬ 
perature and meter ranges can be obtained by 
changing the resistance values according to the 
equations in the appendix. It's not necessary to 
install a milliammeter permanently in the unit: a pair 
of terminal posts can be installed to allow tempera¬ 
ture to be monitored with your multimeter. 

Many AT cut crystals exhibit a turning point in the 
neighborhood of 60°C (140°F). Advantage should be 
taken of this by operating the oven at that tempera¬ 
ture. The turning point can be found by observing 
the crystal frequency as the oven warms up. If the 
frequency initially drops then starts to rise, adjust the 
oven temperature to obtain the minimum frequency. 
The oven temperature should be at least 5°C above 



The assembled oven in its styrofoam jacket. 


necuiATEo 



fig. 5. Circuit of the LM3911N IC as an electronic thermom¬ 
eter. 

maximum ambient in the equipment in which it will 
be installed. 

The performance of either oven leaves little to be 
desired. Temperature stability is reached in about 5 
minutes. Temperature variation is too small to be 
detected on the thermometer calibrated from 70°- 
80°C (158°-176°F). 
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appendix 

The resistances for the thermometer circuit are calculated by the 
following equations: 


_ (6.85)(0.01)(M) 

(1) 

' /„ (6.85- aoJr 0 ) 

n - 0.01 T n - l n lt, 

4 

(2) 

l! 

(3) 

P - 685 

4 0.001+1 M + I 0 

(4) 

li f =50K 

(5) 

K 6 = « 

Ft 7 = 500 oft ms 

(6) 


where 

AT ~ Meter temperature span (degrees C) 

J m = Meter full scale current (amperes! 

T () -5 + meter zero temperature (degrees K) 

t 0 = Current through Rj, R?, and R 3 at zero meter current 
(use 0,0001 amperes) 

Notes: 

1. D K=°C-f 273. 

2. Resistors should be metal film. 

3. If no thermometer is available for calibration set potentiometer 
to its midpoint. 

ham radio 
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satellite tracking — 


pointing and range 

with a 
pocket calculator 

How to use 
a pocket calculator 
to calculate 
antenna pointing angles 
and range 
for an earth-bound 
or satellite station 

A frequent question in long-distance radio commu¬ 
nications is where to point the beam. This article 
contains algorithms for RPN pocket calculators to 
calculate distances and headings between stations 
on the earth, and pointing angles and slant ranges to 
an earth satellite or the moon. 

earth stations 

Given the longitude Xi (west longitudes are +) 
and latitude 0i (north latitudes are +) of station 1 
(home) and the longitude X 2 and latitude 02 of station 
2; the algorithm below* calculates A, the initial 
heading or pointing angle (north reference clockwise 

’These algorithms are based on similar algorithms in my “Algorithms for 
the HP-45 and HP-35/' Center for Astrophysics Technica.l Report, 
Cambridge, Massachusetts, March 9, 1975; and in Appendix A.7 of 
Algorithms for RPN Calculators, to be published by John Wiley & Sons, 
New York. 


azimuth) from station 1 toward station 2, and D, the 
great-circle distance between stations. 

Alternatively, if X 2 and 0 2 are the coordinates of 
the sub-satellite point and h is the height of a satellite 
over the surface of the earth, then the algorithm also 
gives E, the elevation look angle and r, the slant 
range or straight-line distance from station 1 to the 
satellite. If E comes out negative, then the satellite is 
invisible below the horizon. 

On an HP-45 calculator, the longitudes and 
latitudes can be keyed in the format DD.MMSS 
(degrees, minutes, and seconds of arc): 

(<t> 2 : DD.MMSS) [G] {D.MS —} 1 [G] {— R} 

(X,: DD.MMSS) [G] {D.MS-} 

(X 2 : DD.MMSS) [G] {D.MS —} [ - ] Ix—y] 

[G] { —R} Ix—y] [ t ] [RI ][R I ] [ — P] 

Ix—y] 

( 0 v DD.MMSS) [G]{D.MS-} [-][*->] 

(Gl {— R} [R i ] Ix—y] [R11 [ — PI [x—y\ 

(if negative: 360 I + ]; see A in degrees) 

[R I ] lx—y] [ — P] Ix-y] 

At this point choose one of the following two 
options: 

A. 69.1 [x] (see D in miles). 

B. (h, miles) [f] 3958 [ + ] [G] {— R} 3958 
( - ] [x —y] [ — P] (see r in miles) [jc —y] 

(see £ in degrees). 

For an HP-21 calculator, the longitudes and 
latitudes should first be converted to decimal 
degrees. Select DEG mode, then: 

( 02 , degrees) [f ] 1 [B] { — R} 

(Xi, degrees) [I] 

(X 2 , degrees) [- ] lx— y] [B] { — R} [jc— 3 ?] It] 

[Ri] [Ri] lB] {^P} [x—y] 

( 0 V degrees) [-] \x-y] [B] { — R} [R I] lx— 3 ?] 

[R I ] IB] { — P} lx— y] (if negative: 360 
[ + ]; see^ in degrees) [Rl] Ix—y] 

[B] {—P} lx—y] 


By John A. Ball, Oak Hill Road, Harvard, 
Massachusetts 01451 (Mr. Ball is a radio 
astronomer at the Center for Astrophysics in 
Cambridge, Massachusetts) 
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At this point choose one of the following two 
options; 

A. 69.1 ( x J (see D in miles). 

B. (h, miles) [t] 3958 [STO] [ + ] [B] { — R} 

[RCL] [- J [x— 3 )] [B1 {— P} (see r in 
miles) [x — 3 ?] (see E in degrees). 

Fora Corvus-500 calculator; 

{02, degrees) [ENT] [SIN] \y-x\ [COS] 

(X 1f degrees) [ENT] 

(X 2 , degrees) 1-lLy-x] [INV] [G] {-POL} 
jc[ [ENT] [R1] [R1 ] [G] {-POL} 

[ 3 ? — x] 

(0!, degrees) [-] [y^x] [INV] [G] {-POL} 
[Rl] Ly-x] [Rl] [G] {-POL} [y~x] (if 
negative; 360 [ + ]; see A in degrees) [RI ] 
[y~x\ [G] { — POL} [ 3 ; — *] 

At this point choose one of the following two 
options; 

A. 69.1 [x] (see D in miles). 

B. ih, miles) [ENT] 3958 [ + ] [INV] [G] 

{-POL}3958 [-] [y~x] [G] {-POL} 

(see r in miles) ly — x] (see E in degrees). 

On some Corvus-500 calculators, IRl] is just [1), and 
Ly — x] is [x — y]. 

If you prefer to work in kilometers (km), change 
the constant 69.1 miles / 0 to 111.2 km/° (this is the 
length of 1 ° on the earth's surface) and change 3958 
miles to 6370 km in two places (this is the radius of 
the earth). Also change the units of Z>, h, and r. To 
work in decimal degrees on the HP 45, replace the 
first two appearances of [G] {D.MS—} by [I], and 
drop the last two [G] {D.MS—}. On an HP-25 
calculator, use the HP-45 algorithm but change [G] 
{D.MS-} to [g] {-H}, [G] {—R} to [f] {-R}, and 
[ —P] to [g] { —P}. This algorithm is approximate 
because it uses a spherical earth and E is not cor- 


note on notation 

Keystroke symbols in brackets (e.g., | + |) are printed on the top 
of the key, those in braces (e.g., { — R}) on the side of the key or on 
the land area above or below the key. |GI represents an unlabelled 
gold-colored key, IB) an unlabelled blue key. and [II stands for 
(ENTER11. The symbol is analagous to a musical repeat symbol 
and means loop back to the last preceding colon (:) not in paren 
theses. Parameters to be keyed or read and comments or optional 
sequences are in parentheses. 

The symbol DD.MMSS means degrees, minutes, and seconds of 
arc, with two digit locations for each. The decimal point after DD 
must be keyed. Any digits following SS will be taken for a decimal 
fraction of a second. Similarly HH MMSS means hours, minutes, 
and seconds of time. Use ICHS1 for negative numbers. For example 

5.420202 would mean - 5°42'02"02 with DD.MMSS or - 5 h 42 m 
02*02 with HH.MMSS. For details, see the instruction booklet with 
the calculator. 


rected for refraction (which can be as much as Y 2 0 ). 
Example. Xj = 71 °03' = 71°05, 0 t = 42°22 / =42°367 
(Boston), X 2 = 74°, 0 2 = 4O°42' ^40.°7 (New York 
City); get A~23A° (southwest by west), D=191 
miles away. If a satellite is 900 miles directly over 
New York City, then r = 925 miles and £ = 75° as 
seen from Boston. If X 2 = 70°40'= 70.°667, 
02 = -33° 25' = - 33.417° (Santiago de Chile on the 
west coast of South America); get A - 179°7 (slightly 
east of south) and D- 5237 miles from Boston, 

As an exercise, compare the distance from Los 
Angeles to London with the distance from Los 
Angeles to Rio de Janeiro. 

the moon and other 
celestial objects 

This algorithm, slightly modified, also gives 
pointing angles for the moon. Substitute the local 
sidereal time T for X 2/ the moon's right ascension a 
for X-j, and the moon's declination <5 for 0 2 . Multiply 
by 15 to change the units of a and T from hours to 
degrees. For the moon, h should be about 235,000 
miles, but an error of less than 1° in E comes from 
taking h = 00 . With these changes, the HP-45 
algorithm becomes; 

(5; DD.MMSS) [Gl {D.MS-} 1 (Gj { —R} 

(a: HH.MMSS) [G] {D.MS- } 

(T; HH.MMSS) IG] {D.MS-} [-] 15 [xl 
lx—>] [G] {—R} Ix—y] [I] [Rl] [Rl] l —P] 
lx— 31 ] 

(0-j; DD.MMSS) [G] {D.MS-} [-] lx~y] [G] 
{-R} [Rl] [x-y] [Rl] [-P] lx~y] (if 
negative; 360 [ + ], see A in degrees) [Rl] 

[ —P] U— y] (see E in degrees). 

For an HP-21 , a and T should first be converted to 
decimal hours, and <5 and 0 i to decimal degrees, 
then: 

( 6 , degrees) [I] 1 IB] { — R} 

(a, hours) [I ] 

(T, hours) [- ] 15 lx] lx-y) IB] { —R} lx— 31 ] 

[T] [R1] [Rl] IB] { — P} lx — 31 ] 

( 01 , degrees) [- ] [x— y] [B] { —R} [Rl] [x— 3 J 
[R11 [B] {- P} [x - 3 ;] (if negative: 360 
[ + ]; see ,4 in degrees) [Rl] [B] {—P} 

U— y] (see E in degrees). 

Fora Corvus 500: 

{b, degrees) [ENT] [SIN] l^-x] [COS] 

(a, hours) [ENT] 

(T, hours) [-115 [x] [ 3 ?—x] [INV] [G] 

{-POL} [y-x] [ENT] [Rl] [Rl] [G] 

{-POL} [ 3 >~x] 

( 0 1# degrees) [— ] [y~~x] [INV] [G] {-POL} 

[Rl] [ 3 ?—x] [Rl] [G] { — POL} [ 3 ?—x] (if 


february 1978 QJB 41 




HP-25 Program 
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fig. 1. HP-25 program to calculate antenna pointing angles 
for the moon or other celestial objects. 
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fig. 2. HP-25 program to calculate antenna pointing angles 
and range for earth satellites. 


negative: 360 [ + ]; see A in degrees) [R i ] 

[G] {^POL} [y~x] {see £ in degrees). 

This is a general pointing algorithm for any distant 
celestial object. The a and 6 of the moon and other 
objects are in The American Ephemeris and Nautical 
Almanac or A ENA . 1 

sidereal time 

If your shack is not equipped with a sidereal clock, 
the AENA shows how to calculate T, or on 
an HP-45: 

(Day-Number) [T] 24 [x] [I] [I] 

(GMT: HH.MMSS) [G] {D.MS-} [ + ] 

1.0027379 [x] [x~;y][-] 

(\y. DD.MMSS) [G] {D.MS —} 15 [-*-][ — ] 

(S, hours) [ + ] (if negative: 24 [ + ], if greater than 24: 
241-]) [G] {-D.MS} (see Tin HH.MMSS). 

Day-Number means day of the year, GMT is Green¬ 
wich mean time or universal time (UT), and S is from 
the table below. 


Year, AD 

S, hours 

1976 

6.5865 

1977 

6.6363 

1978 

6.6204 

1979 

6.6044 

1980 

6.5885 

1981 

6.6383 

1982 

6.6224 

1983 

6.6065 

1984 

6.5906 


S is the Greenwich sidereal time on January 0.0 of 
the indicated year, and is in \heAENA. For an HP-21, 
key GMT in decimal hours and delete the following: 
[G] {D.MS —}; key X ^ in decimal degrees and replace 
the following: [G3 {D.MS—} by [T]; and delete the 
final [G] {— D.MS} and see T in decimal hours. For a 
Corvus 500, follow the HP-21 scheme but replace [I] 
by [ENT] and [a — y] by ly—x J. The precision of this 
algorithm is about ± 1 second. A sidereal clock runs 
one day per year or 3 m 57 s per day faster than an or¬ 
dinary clock. 

Example. On 1976 December 25 (Day-Number = 
360) at GMT = 21 h , the moon was at a = 22 h 25 m 
37?564, 5= -5°21'33."33 (from the 1976 AENA , 
page 187). The local sidereal time at Boston was 
£ = 22 h 33 m 46 s , and the moon was visible at 
A = 182.°7 (almost south), and approximately £-42° 
(just under halfway from horizon to zenith). 

The program in fig. 1 combines the celestial 
pointing and sidereal-time algorithms for the HP-25. 

Key in the program, then initialize: 

{a: HH.MMSS) [g] { —H} 15 [x] [STO] 1 
{Aa, seconds/hour) [I] 240 [ + ] [STO] 2 
(<5: DD.MMSS) [g] {—H} [STO] 3 
(A<5, arcseconds/hour) [ f ] 3600 [ *** ] [STO] 4 
<0i: DD.MMSS) [g] {-H} [STO] 5 
(S, hours) [\] 15 [x] 

(\y, DD.MMSS) [g] {— H} [-115.04106864 
[STO] 6 [ -H 
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(Day-Number) [ T ] 24 [x] [ + ) [STO] 7 [f] {PRGM} 

Calculate: (GMT: HH.MMSS) [R/SJ (see E in 
degrees) [x~y\ (see A in degrees) :|. 

If A is negative, you may want to add 360°. For this 
program, a is the right ascension on the hour, Ac* is 
the change in a in one hour, 6 is the declination on 
the hour, and A& is the change in 6 in one hour. 
Don't forget minus signs [CHS] where needed. The 
rates Ac* and A6 are called first differences and are 
tabulated for the moon in the AENA . 

This program interpolates linearly through the 
hour; a and 5 should be for the preceding hour. For a 
planet such as Jupiter, tabulated daily rather than 
hourly in the AENA, change the [g] {FRAC} in lines 
03 and 15 both to [gl {NOP} and key c* and <5 for 0 h , 
The tabulated first differences in this case need to be 
divided by 24 to get the right units (per hour rather 
than per day). Jupiter is an interesting object for 
amateur radio astronomy. For a star with constant a 
and 6, set Ac* and A6 to zero. 

Example. Repeat the preceding test case on the 
moon but for GMT = 21 h 20 m . From the 1976 AENA, 
Ac* = 122?767 and A6 = 615."44. Get ,4 = 189.2° 
(A= - 170.78 + 360= 189.2° and £ = 41 .9°). 

satellites 

Given q, a satellite's period in minutes of time; i, 
the inclination in degrees of the satellite's orbit to the 
equator; r, the time since an ascending node (north¬ 
bound equator crossing) in minutes; and Xq, the 
longitude of the ascending node (r = 0) in degrees;* 
the HP-45 algorithm below 2 3 calculates X 2 and 0 2 f° r 
the satellite: 

(t, minutes) [ t ) [I] (q, minutes) [-H 360 [x] 

[I] [SIN] 

U, degrees) lx-~y] [G] { -*R} [x~ y\ [G] 

{SIN ~ ? } (see 4> 2 in degrees) 

[RiJ Ix-y] [COS] [ —PJ [Rl] [*~>]4[ + ] 
[-1 

^0, degrees) [x~y] [-] (see X 2 in degrees). 

This algorithm is approximate because it uses a cir¬ 
cular orbit; h is taken to be constant. 

For an HP-21, select DEG mode, change [G] to IB) 
and change [ —P] to [B] { —P}. For an HP-25, 
change [Gl to [gl or [f], [SIN1 to [f] {sin}, [COS] to 
[f] {cos}, and [ — P] to [g] {^P}. For a Corvus 500, 
change [?| to [ ENTI, lx~y] to ly~x\, [G] {SIN~ 1 } 


•The orbital elements of Oscar satellites are available from AMSAT, Post 
Office Box 27, Washington, D.C. 20044. For Oscar 7: q = 114.95 minutes, 
/ = 101.7 degrees, h = 908 miles, e = 0.001; but these numbers change slow 
ly with time. Also see the Satellabfe available from Ham Radio's Communi¬ 
cations Bookstore, Greenville, New Hampshire 03048. For other satellites, 
see Satellite News, 12 Barn Croft, Preston PR1 OSX, England. 




fig. 3. Azimuth, range, and elevation for Oscar 7 orbit 10590 
as seen from Boston. 


to [INV] [SIN], [ —P] to [G] {-POL}, and [G] {^R} 
to [INV] [G] { —POL}. These algorithms are also easy 
to convert for the HP-19, HP-27, HP-29, HP-46, 
HP-55, HP-65, HP-67, HP-91, HP-97, HP-9815, 
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summary of symbols 

Station 1 is normally home; station 2 is sometimes a subsatellite point. 


A heading (north reference clockwise azimuth) from station 1 

toward station 2 or toward a celestial object. A =0 is north, 
A- 90° is east, /# = 180° is south, and /f=270° is west. 
Negative A means counterclockwise, so A - - 90° is also 
west. 

c speed of light; c~ 11,177,000 miles/minute. 

D great-circle distance from station 1 to station 2. 

Day-Number day of the year (GMT) available on some desk calendars. 

E elevation look angle from station 1 toward a satellite or 

celestial object. E = 90° is straight up toward the zenith, E = 0 
is the horizon, and negative E means that the object is in¬ 
visible below the horizon. 

e eccentricity of a satellite's orbit; e = 0 is a circle. 

/ frequency. 

GMT Greenwich mean time or universal time (UT or UTC). 

Ephemeris time differs from GMT by about 48 seconds. 
h height of a satellite over the surface of the earth. 

h a the average h over an orbit. 

i inclination angle of a satellite's orbit to the equator, 

r slant range or straight-line distance from station 1 to a 

satellite. 

National Semiconductor 4640, APF Mark 55, and 
Omron 12-SR calculators. Converting for non-RPN 
calculators is more difficult. 

The program shown in fig. 3 combines the satellite 
and pointing algorithms for the HP-25. Key the pro¬ 
gram, then initialize: 

(Xo, degrees) [t] (Xi, degrees) [- ] 90 [ + ] [STO] 1 
(01, degrees) [STO] 2 ( q , minutes) [t] 1440 [-*-] 
[STO] 3 180 m U, degrees) [-] [STO] 4 3958 [STO] 
5 (h, miles) [ + ] [STO] 6 [f] {PRGM} 

Calculate: (r, minutes) [R/S] (see A in degrees) 

[Rl] (see r in miles) [Rl] (see E in 
degrees) :|. 

If A is negative, you may want to add 360°. The con¬ 
stant 1440 is the number of minutes in a day. 

Example. Oscar-7 orbit 10590 on March 10, 1977, 
r= 14 m (which corresponds to GMT = 00 h 08 m 
-f I4 m = 00 h 22 m ), q = 114^945, t=101.°7, Xo = 54?5, 
A = 908 miles; get 0 2 = 42.°71, X 2 = 69.°02, A=76°, 
r = 916 miles, and £=82°, almost overhead as seen 
from Boston. 

Fig. 2 shows A, r, and £ as a function of r for this 
orbit over Boston. For a pass almost overhead such 
as this, A is nearly constant except for a couple 
minutes around closest approach. The slope v of the 
r curve is the Doppler velocity (in miles per minute) 
and can be calculated by subtracting two;ys a minute 
apart. The largest possible v is 27r(/i + 3958 miles )/q 
or about 266 miles/minute for Oscar 7. Convert v to a 
Doppler frequency shift using A/= -fv/c, where /is 
the frequency, A/ is the shift in frequency, and c is 
the speed of light (c= 11,177,000 miles/minute). The 
Oscar-7 beacon at 145.975 MHz, for example, shifts 
as much as 0.00347 MHz and so appears somewhere 
between 145.972 and 145.978 MHz. 

When the satellite is approaching, v is negative. A/ 


5 Greenwich sidereal time on January 0.0 (tabulated in the 
article). 

T local sidereal time at station 1. 

v Doppler velocity of a satellite relative to station 1. 

a right ascension of a celestial object. 

6 declination of a celestial object. 

Af change in/due to a Doppler shift. 

Aa change in « per unit time (first difference). 

A<$ change in <5 per unit time (first difference). 

\ 0 longitude of the ascending node at r = 0 in a satellite’s orbit. 

West longitudes are positive (+), east longitudes are either 
negative (- ) or greater than 180°. 

X-l longitude of station 1. 

\ 2 longitude of station 2 or a subsatellite point. 

7T 3.1415926536. 

q period (time for one complete orbit) of a satellite. 

t time since an ascending node (northbound equator crossing) 

in a satellite's orbit. 

4>\ latitude of station 1. North latitudes are positive (+ ), south 

latitudes are negative (- ). 

<t >2 latitude of station 2 or a subsatellite point. 

is positive, and the beacon appears at a higher fre¬ 
quency; when the satellite is receding, v is positive, 
A/is negative, and the beacon appears at a lower fre¬ 
quency on the dial. If you are working through a 
repeater on a satellite, then two different Doppler 
shifts need to be calculated and added. 

Kepler's third law relates q and h a , the average h, 

<e, minutes) [I] [x] 8720351 [x] 3 [1/*] [G] {>*} 
3958 [ - ] (see ha in miles). 

The first number is Kepler's constant for the earth, 
8,720,351 miles 3 /minute 2 . With a circular orbit, h a 
and h are the same. For Oscar 7 with q = 114^945, 
get A a = 908 miles. 

accuracy 

These algorithms employ several approximations 
that cause inaccuracies in the answers. The earth's 
eccentricity causes an error up to 0.2 per cent (2 
miles in 1000 miles) in D. The eccentricity of a 
satellite orbit has two effects: first, h is not constant. 
The maximum variation in h is <?(3958 miles + h a ) 
where e is the eccentricity and h a is the average h . So 
if e = 0.01 and h a — 925 miles, then the variation in h is 
49 miles and h varies from 876 to 974 miles. 

Another effect of e is on the speed of the satellite, 
which can be as much as about eg /tv ahead or 
behind in the orbit compared to a circular orbit. If 
e = 0.01 and q = 115 minutes, then the satellite can be 
up to 0.37 minutes early or late. Also the "4" in the 
orbital algorithm, which converts r from minutes of 
time to degrees, should be 4/1.0027379 = 3.9890783 
because the earth's rotation speed is one degree per 
4 sidereal minutes. The error due to using 4 is 
noticeable only for large r. 

Finally, the orbital elements of earth satellites 
change slowly due to influences such as the sun and 
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moon, air resistance, and the uneven distribution of 
mass in the earth. For Oscar 7, the orbit regresses 
just about enough to cancel the error caused by 
using 4 minutes per degree; such orbits are called 
sun-synchronous. 

I wish to thank George Rybicki for showing me the 
spherical-trigonometry trick used in these algor¬ 
ithms; Dick Ellis, W5YCK, for helping research arti¬ 
cles on Oscar satellites; Tom Bates and Fritz Mans- 


velt-Beck for loaning me their calculators; and R.C. 
Vanderburgh for sending me copies of his programs. 
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appendix 

RPN portable calculators 


The table below lists all the available or recently available RPN 
portable calculators. The algorithms in this article can be easily 
converted to work on any calculator that has “yes" in the R~ P 
column in this table. Non-RPN calculators are not listed; they are 
awkward for this type of problem. 

The Corvus 500, the APF Mark 55, and the Omron 12 SR are in 
ternally identical, but the Corvus 500 has a belter keyboard and 
case. The instruction booklet with the Corvus 500 is very poor; if 
you have this calculator, you should also get the book Everything 
You've Always Wanted to Know About RPN but were Afraid to 
Pursue — Comprehensive Manual for Scientific Calculators 
available for $7.50 plus postage from T. K. Enterprises, 16611 
Hawthorne Boulevard, Lawndale, California 90260. This book 
does not live up to its name and is not as good as the instruction 
books with HP calculators, but is the best book available for the 
Corvus 500, APF Mark 55, and Omron 12-SR. 


For an HP calculator, you should get the appropriate HP ap¬ 
plications book Some dealers will throw these in with the 
calculator; otherwise they are about $10 from Hewlett Packard, 
19310 Pruneridge Avenue, Cupertino, California 95014. Some HP 
calculators have several such books. 

Generally speaking, HP calculators are better made and will 
probably last longer than the others in this table. Don't overlook 
the possibility of finding a used or surplus calculator of a model 
listed as no longer available. 


"Start extravagant, and you'll never finish. Get the cheap tool 
first, see if it feeds your life. If it does, then get a better one. Once 
you use it all the time, get the best. You can only grow into quali¬ 
ty. You can't buy it." 

- from The Last Whole Earth Catalog 


Table 1. List of portable calculators which use RPN architecture. 

number of 

number of 



manufacturer 

model 

stack 

of 

scientific 

notation 

storage 

registers 

program 

steps 

R —P 

D.MS 

Hewlett-Packard 

HP-19C 

4 

yes 

30 

98 

yes 

yes 

Hewlett-Packard 

HP-21 

4 

yes 

1 

0 

yes 

no 

Hewlett-Packard 

HP-22 

4 

yes 

10 + 5 

0 

no 

no 

Hewlett-Packard 

HP 25 

4 

yes 

8 

49 

yes 

yes 

Hewlett-Packard 

HP 25C 

4 

yes 

8 

49 

yes 

yes 

Hewlett-Packard 

HP-27 

4 

yes 

10 + 5 

0 

yes 

yes 

Hewlett-Packard 

HP 29C 

4 

yes 

30 

98 

yes 

yes 

Hewlett-Packard 

HP-35* 

4 

yes 

1 

0 

no 

no 

Hewlett-Packard 

HP-45* 

4 

yes 

9 

0 

yes 

yes 

Hewlett-Packard 

HP-55* 

4 

yes 

20 

49 

yes 

yes 

Hewlett-Packard 

HP-65* 

4 

yes 

9 

100 

yes 

yes 

Hewlett-Packard 

HP-67 

4 

yes 

26 

224 

yes 

yes 

Hewlett-Packard 

HP 70* 

4 

yes 

2 + 5 

0 

no 

no 

Hewlett-Packard 

HP-80 

4 

yes 

1 

0 

no 

no 

Hewlett-Packard 

HP 91 

4 

yes 

16 

0 

yes 

yes 

Hewlett-Packard 

HP-92 

4 

yes 

30 

0 

no 

no 

Hewlett-Packard 

HP-97 

4 

yes 

26 

224 

yes 

yes 

National Semiconductor 

Novus 4510 

3 

no 

1 

0 

no 

no 

National Semiconductor 

Novus PR4515/4615 

3 

no 

1 

100 

no 

no 

National Semiconductor 

Novus 4520 

4 

yes 

1 

0 

no 

no 

National Semiconductor 

Novus PR4525 

4 

yes 

1 

100 

no 

no 

National Semiconductor 

NS 4640 

4 

yes 

3 

0 

yes 

yes 

Corvus 

500 

4 

yes 

9 

0 

yes 

no 

APF 

Mark 55 

4 

yes 

9 

0 

yes 

no 

Omron 

12-SR 

4 

yes 

9 

0 

yes 

no 


*No longer available ham radio 


february 1978 US 45 




high-impedance preamp 


and pulse shaper 
for frequency counters 


Simple circuit for 
improving your counter 
from dc to 
over 60 MHz using 
readily available devices 


Many of the inexpensive frequency counters on 
today's market, as well as some of those built by 
homebrew enthusiasts, could use some improve¬ 
ment in the preamp and pulse-shaper circuit 
(sometimes called the trigger circuit). This is the cir¬ 
cuit that brings the input signal waveform to TTL 
level (3.5 volts peak-to-peak). Often counters poten¬ 
tially capable of counting to 40-50 MHz don't pro¬ 
duce best results because of an inefficient input cir¬ 
cuit. On the other hand, if the trigger works fine at 
high frequencies, it shows some limitation in squar¬ 
ing low-frequency signals. Kritter 1 solved this prob¬ 
lem by using two pulse shapers in his frequency 
counter. Although this approach is quite satisfac¬ 
tory, it can be impractical and expensive. 

The circuit we're going to examine can process 
any frequency between dc to over 60 MHz, providing 


at the output a perfect square wave at TTL level. 
Furthermore, it's not very expensive, because it uses 
transistors and ICs available at most discount outlets. 

circuit description 

The input circuit (fig. 1) is a balanced amplifier 
using two field-effect transistors. For dc stabililty, 
the stages are dc coupled. These fets must be 
selected for the same ID^.z The absolute ID SS value 
isn't critical but must be nearly equal for the two 
devices. 

The first stages are source followers, so the input 
impedance is extremely high. At low-input signal 
levels, when the two back-to-back protective diodes 
don't conduct, overload protection is provided only 
by the 2.2-meg polarization resistor. It would be 
possible to increase the input impedance even more 
by increasing this resistor value or by using bootstrap 
polarization. However, I felt that this value was more 
than adequate for amateur purposes. 

The input stage drives a 733 1C which, according 
to reference 3, is a differential video amplifier with a 



Top view of the counter preamp PC board showing com¬ 
ponent layout. 


bandwidth of over 100 MHz. The gain of this ampli¬ 
fier is selectable by proper connection of pins 3, 4, 
11, and 12 (the DIP package). 

Three different gain values are possible without 
adding external components: xIO, xlOO, and x400. 
The last has been chosen for this application. Even if, 
in this case, the amplifier bandwidth is reduced 

By Giuseppe Beltrami, I4YAF, Via Meloni 39, 
1-41012, Carpi, Italy 
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fig. 1. Input circuit for improving inexpensive counters. Circuit requires a dual-polarity supply that delivers at least 63 mA. 


slightly, it remains well over 50 MHz — more than 
sufficient for our use. 

A 2N709 switching transistor follows the preampli¬ 
fier and squares the signal. If you want to reach the 
maximum frequency that the pulse shaper can han¬ 
dle, this transistor is highly recommended. It's fast. 
Some attempts that have been made to use other 
types of transistors {for example, 2N914, 2N2368) for 
processing 60-MHz signals haven't been very satis¬ 
factory. So I highly recommend the 2N709 if you 
don't want problems. Of course, I haven't tried all 
the available switching transistors, so there are many 
substitution possibilities if you like to experiment. If 
you have some computer transistors, try them; you 
might obtain even better results. 

The last stage is quite conventional. It is a TTL 
translator using two sections of a high-speed quadru¬ 
ple NAND gate (type 74H00). For this application I've 
tried several ICs made by different manufacturers. 
Those that gave the best results were a Texas Instru¬ 
ments SN74H00 and a National Semiconductor 
DM74H00. I also tried some Schottky devices 
(74S00). All performed well, even at higher 
frequencies. 

The circuit requires a supply that delivers plus and 
minus 5 volts. Without an input signal, the input 
transistor drain current is 18 mA from the negative 


side and 45 mA from the positive side, which in¬ 
creases to 63 mA with a strong input signal. Tests 
showed that the circuit was not too sensitive to an 
unregulated supply, so the filtering doesn't have to 
be elaborate. Of course devices such as the 320- and 
340-series voltage regulator ICs can be used to solve 
a power-supply problem at a reasonable price. The 
only recommendation is to avoid any possibility of 
false counting by bypassing the positive supply as 
closely as possible to pin 14 of the TTL 1C. 

construction and alignment 

The prototype was constructed on a 3 x 1.5-inch 
(8.2x4cm) board {fig. 2). The component layout 
shown in fig. 2B is slightly different from that in the 
photo because of some improvements made after 
the photo was taken. The second trimmer resistor on 
the PC board was a former polarization control for 
the level translator, which was disconnected after 
some tests. 

The only alignment required for the circuit is the 
regulation of the trimmer pot, R1. With the counter 
connected at the output and a signal source (grid-dip 
meter or signal generator) at the input, adjust R1 for 
maximum sensitivity at the highest measurable fre¬ 
quency. With proper alignment, the input sensitivity 
must be better than 100 mV in the range from a few 



fig. 2. Circuit-board layout and component arrangement for the counter prearnp. 
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MHz to at least 40 MHz, decreasing to about 150 mV 
at the lower (DC) and upper limit (66 MHz in the 
prototype). 

counter improvements 

Some counters using 7400-series ICs may not 
cover frequencies higher than 30 MHz. It's now time 
to update them using faster ICs provided by modern 
technology. Substitute the input gate of the counter 
(it may be a 7400 or a 7410, perhaps a 7420) with the 
Schottky TTL equivalent: 74S00, 74S10, or 74S20. 
The substitution was direct and required no wiring 
change. Then substitute the first decade divider 
(7490) with the faster type 74196 or 74S196. Here the 
connections are different, so you must have a littfe 
patience and, following the schematic of fig. 3, 
make the modifications needed on the PC board. The 
74196 1C requires a reset pulse inverted with respect 
to that required by the 7490. If you have an unused 
NAND or inverter circuit in one of the other ICs, use it 
to invert the reset pulse; otherwise use one of the 
two NAND gates not used in the pulse-shaper circuit. 
With these simple modifications, your frequency 
counter can now display at least 50 or 60 MHz. Don't 
forget that some ICs are now available that permit 
scalers for GHz frequencies. With a pair of these ICs 



fig. 3. Pin layout for the 74196 decade divider, which may be 
used in your counter for faster response. Modifications 
shown must be made on the PC board. 

and your improved counter, it will be possible to 
make precise measurements well into the microwave 
region. 
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wide-range 

capacitance meter 


A portable 
test instrument 
that combines three modes 
of capacitance testing 
using just 
a few components 

Here's an instrument for the experimenter that 
combines three modes of capacitor testing into a 
portable unit, which uses readily available devices; 
two 555 timer ICs, a 2N5484 fet, and a CA3140 
operational amplifier. 

features 

With the instrument described you can apply a 
polarized voltage of a few volts to the capacitor 
under test, one side of which is grounded. A single 
unregulated 9-volt power supply is used. 
Capacitance readout is linear. 

Three testing modes are available: low capacitance 
(to 1 /xF), high capacitance (to 2500 /xF), and a 
logarithmic indication of the test-capacitor leakage 
current with up to 8 volts applied. Let's take a look at 
the circuit (fig. 1). 

low-capacitance measurement mode 
(to 1 nF) 

U1, an NE555, operates as a clock, which provides 
negative-going pulses at about 350 per second to 


trigger U2, also an NE555. This action unclamps the 
test capacitor, allowing it to charge through a 
switch-selected resistor, until it reaches half the sup¬ 
ply voltage. At this point U2 resets, discharging the 
capacitor through pin 7. During the charging period, 
U2 pin 3 is high (about 8 volts), and the duration of 
this high state is directly proportional to the test 
capacitance. 

The resulting rectangular waveform can be used to 
drive a 1 -mA meter directly through a 5k trimpot for a 
simplified circuit. In this instrument, the high signal is 
attenuated to 0.6 volt across silicon diode CR1 at the 
noninverting input of U3, a CA3140 op amp with mos 
input. U3 operates as a unity-gain buffer, which 
feeds the meter through calibrating trimpot R6. 
Meter deflection is proportional to the average value 
of the rectangular waveform output from U3 and is 
therefore proportional to the capacitance. 

Supply voltage is noncritical because: 

1. U1 clock frequency is, for practical purposes, in¬ 
dependent of voltage. 

2. The reset level of U2 pin 6 is at one-half the sup¬ 
ply voltage, which compensates for voltage-change 
effects on the charge rate of the test capacitor 
through the switched resistors. 

3. CR1 operates as a simple regulator, limiting the 
high signal input to U3 to 0.6 volt. 

With no test capacitor applied to the circuit, about 
30 pF of internal capacitance exists at U2 pins 6 and 7 
(plus strays). To prevent this capacitance from caus¬ 
ing a substantial residual reading on the lower 
ranges, a negative capacitance is used to cancel the 
internal capacitance. This unlikely device is simulated 
by C3, a 100-pF capacitor, which is connected not to 

By P. H. Mathleson, M.I.E. Australia, JAARS, 
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ground but to Q1/Q2 output, which has a small 
positive voltage gain and a low output impedance. 
The current through C2 is equal and opposite to that 
through the residual 30-pF capacitance. 

To calibrate, use a known accurate capacitor giv¬ 
ing a high deflection on the 0.01 or 0.1 /xF ranges. 
First adjust negative-capacitance trimpot R1 so that 
the source of Q1 is at the top end of R1. Then 
calibrate by adjusting R6. There may be a small 
residual zero error caused by the minimum pulse 
width from U2, which can be offset by the addition 
of R7, a 470 k in my instrument. Now switch to the 
100-pF range with a known capacitor of 10-20 pF 
connected and adjust negative cap trimpot R1 until 
the meter reads the correct value, showing that the 
strays have been cancelled. The readings are then 
accurate to a few pF. 

high-capacitance measurement mode 
(to 2500 mF) 

This mode uses a single-shot method. U1 is not re¬ 
quired. When +9 volts is switched on, U2 is triggered 
by the momentary low on pins 2 and 4 caused by the 
uncharged capacitor, C2. As in the previous mode, a 
high of 0.6 volts is applied to the noninverting input 
of U3 until the capacitor under test is charged to half 
the supply voltage. During this period, U3 behaves as 
an accurate integrator using low-leakage capacitor 
C4 in the feedback loop. At the end of the high input 
period, U3 output voltage will be proportional to the 
duration of that period and therefore to the test 
capacitance. 


Accurate high-value capacitors are difficult to find, 
so calibration using trimpot R5 is best done with 
values around 1 jxF. Leakage resistance of the test 
capacitor extends the charging time, causing a false 
high reading. 

After the integrating period the meter should re¬ 
main stationary while the reading is taken. If drift is a 
problem (assuming feedback capacitor C4 is not 
leaky) it may be minimized by correcting the offset in 
the U3 input stage. Try a 10k resistor R3 from U3 pin 
1 or 5 to ground and adjust for minimum drift. 

leakage mode 

This mode produces a logarithmic indication of the 
test capacitor leakage current with up to 8 volts ap¬ 
plied. The lower end of the capacitor is disconnected 
from the supply minus, and the leakage current now 
flows through limiting resistor R8 and diode CR1. 
The voltage across CR1 bears an approximately loga¬ 
rithmic relationship to the current flowing through it. 
U3 is again used as a unity-gain buffer, and trimpot 
R4 is set to produce full-scale deflection with a short 
circuit across the test terminals. U1, U2, and the neg¬ 
ative capacitance amplifier are disconnected from 
the negative supply line. 

Electrolytic capacitors that have remained unused 
for some time can be reformed in the leakage test 
mode before their capacitance is measured. 

The logarithmic readout can be interpreted by 
observing the readings obtained with known 
resistors across the test terminals, ranging from a 
few kilohms to hundreds of megohms. 



fig. 1. The three-mode capacitor tester. Circuit features linear readout and common devices. Author s original was built on perf 
board but with a little ingenuity an etched board could be used. See table 7 for switch configurations and positions. 
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table 1. Switch arrangement for the portable capacitance 
meter. 

switch configuration position 

51 3 pole. 3-posHion, A (low-capacitance mode) 

2 section B (high capacitance mode) 

C (leakage mode) 

mode A modeB modeC 

52 1 -pole. 5-position /iF /iF 

A 0,0001 0.25 

B 0,001 2.5 

C 0.01 25.0 

D 0.1 250.0 

E 1.0 2500.0 leakage 

53 SPST (test) 


The capacitance ranges are in steps of 1:10. In¬ 
termediate ranges are most economically obtained as 
follows. In mode A, (table 1) switching to a larger 
clock timing capacitor. Cl, will permit larger 
capacitances to be read on scale. In mode B, switch 
resistor R2 to a higher value, which slows the in¬ 
tegrating rate and thus a/lows a greater full-scale 
capacitance reading. Ten-thousand pf is probably a 
practical limit because of leakage. 

Use accurately scaled values for the switched 
range resistors connected to S2 for best accuracy. 

construction notes 

The CA3140 op amp was chosen because of its 
very high input impedance and because both inputs 
and the output can be swung down to the negative 
supply line, eliminating the need for a separate 
negative supply. The positive supply may be varied 
from +6 to +12 volts with little effect on calibration. 
Current drain is 20-30 mA for capacitance meas¬ 
urements and a few mA for leakage measurements. 

The original circuit was built on matrix board with 
the layout approximately following this schematic. 
Because fast rise times are involved, several 0.01 pF 
bypass capacitors are included on the board, and 
leads should be kept short and neat. The op amp is 
zener protected — keep a shorting ring around the 
pins while soldering! If a shorting-type wafer switch 
is used for SI, insert a 470-ohm current-limiting 
resistor in series with U2 pin 3. 

The test points can be alligator clips on short flexi¬ 
ble leads fed through grommets in the front panel. 
Take care to minimize stray capacitance to ground 
from the plus test point. 

Finally, never apply reversed power-supply voltage 
to the circuit unless you want to buy three new ICs. 
A reverse-biased 1-amp diode across the 9-volt sup¬ 
ply will provide protection. 
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solid-state vhf-uhv 

transmit/receive switch 


New PIN diode device 
provides good isolation 
and low vswr 
at frequencies 
up to 1000 MHz 


Microwave Associates recently introduced a 
solid-state T/R switch for vhf-uhf applications. The 
device, designated the MA8334, makes use of PIN 
diodes in a hybrid rf circuit which is small and easy to 
use. This spdt switch is rated at 50 watts CW and has 
a nominal 50-ohm impedance. Frequency of opera¬ 
tion is from 20 to 1000 MHz. Specifications list 
typical insertion loss at 0.2 dB with 1.2:1 vswr from 
20 to 500 MHz. 

After evaluating the MA8334 on the test bench, I 
decided to replace the conventional relays in a solid- 
state 2-meter transverter I had recently built. The cir¬ 
cuit of fig. 1 was used. To operate a switch path, 
approximately 50 mA forward bias is applied; 
removal of the bias releases the switch path. 
Capacitors Cl and C2 provide isolation of the dc bias 
and the rf source feeding the switch. These 
capacitors should have low rf loss and be able to han¬ 
dle the power used. I used button micas in my 
design. The inductance of the rf choke is not critical, 
and anything around 3 /aH should work satisfactorily. 
Capacitors C3 and C4 are feedthrough bypass types. 
The 220-ohm resistors provide the correct bias cur¬ 
rent when using a 12-volt power supply; their values 


will have to be adjusted accordingly if another supply 
voltage is used. 

Operation of the MA8334 has been completely sat¬ 
isfactory. With the circuit of fig. 1, the measured 
insertion loss was 0.25 dB, and the swr is 1.23:1 
when operated at 50 ohms. Isolation between ports 
has not been measured, but from observation I 
would judge it to be at least the 37 dB specified by 
the manufacturer. 

To conclude, this device provides interesting pos¬ 
sibilities for vhf-uhf switching at power levels up to 



XMTR (50 OHMS) 


+12 V0C 
SW CONTROL 

RCVR (50 OHMS) 


+(2 VDC 
SW CONTROL 


fig. 1. Circuit diagram of a solid-state T/R switch for 144 
MHz. The MA8334 can be used at other frequencies up to 
1000 MHz by proper choice of circuit constants. The lead 
marked with an asterisk is identified by a diagonally cut 
end; the other two leads may be used interchangeably 
for either transmitter or receiver. 


50 watts CW. With proper component selection, the 
switch should perform well on 432 MHz. When com¬ 
pared with conventional switches, the MA8334's 
compact size, rugged construction, and reliability 
give it a definite advantage. The present single¬ 
quantity cost is $19.00, but with increased produc¬ 
tion the price is expected to drop significantly. It may 
be purchased through any dealer handling Micro- 
wave Associates products. 

ham radio 

By Tom Reddeck, W4NHH, Route 9, Box 
515, Greensboro, North Carolina 27409 
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digital scanner 

for 2-meter 


Complete 
construction details 
plus other unusual ideas 
for integrating 
a digital scanner 
with a 2-meter synthesizer 


After operating a synthesizer, you begin to realize 
the number of 2-meter repeater channels that exist 
and also how long it takes to turn the switches 
through all channels. The digital scanner presented 
in this article was designed to permit easy, hands-off, 
monitoring of the 2-meter fm band. It can also serve 
as a good indicator of 2-meter band conditions by 
listening for repeaters outside your local area. 

The features incorporated in the scanner were 
based on several months of on-the-air operation of a 
prototype in an area heavily populated with 
repeaters. It scans all 2-meter repeater input and out¬ 
put frequencies between 146.01 MHz and 147.99 
MHz, in 30 kHz steps; all 67 frequencies are scanned 
in about 6 to 8 seconds. The frequency is also read 
out directly by five, 7-segment LED displays. 


synthesizers 

Operating features include three modes of scanning, 
A, B, and C. Mode A scans until a signal is received, 
at which time the scanner stops, listens for about 3 
seconds, and then continues. This mode allows rapid 
scanning of all channels to determine activity. Mode 
B scans until a signal is received and waits until the 
signal is gone before continuing the scan. Mode C is 
the same as Mode B except that a 3-second delay oc- 



fig. 1. Functional block diagram of the digital scanner. 


curs before continuing the scan. Mode C allows 
monitoring of repeaters that require the repeater car¬ 
rier to drop between transmissions. To prevent the 
scanner from locking up on a very active repeater, a 
timer is incorporated to ensure that the scanner does 
not stay on any frequency more than 3 minutes. 

A latch function is provided to permit locking a 
synthesizer receiver to the scanner's receive frequen¬ 
cy by command. If the synthesizer has automatic 
transmit offset capability, this feature can be used to 
good advantage. In my case, I've wired the function 
to a momentary type toggle switch but it's readily 
adaptable to a push-to-talk (PTT) mike switch. Wire 

By Marion D. Kitchens, K4GOK, 7100 
Mercury Avenue, Haymarket, Virginia 22069 
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fig. 2. Timing diagram of the scanner. The divide-by-three circuit sets the channel spacing at 30 kHz. 


the latch function to the PTT line and when a QSO is 
to be joined, just push the mike button and the syn¬ 
thesizer is on frequency. The scanner is latched or 
locked on this receive/transmit frequency, even 
when the PTT is released. Scanning will continue 
when manually commanded; the continue command 
will cause the scanner to run continuously, even 
though a signal may be present, until the command 
is removed. If the scanner has stopped on an 
undesired frequency, a quick tap of the continue 
switch will move the scanner one or two channels up 
frequency to where it will resume scanning, 

circuit description 

The circuit diagram of the scanner is shown in fig. 
1. A 555 timer is used as an oscillator to drive three 
7490 decade counters. The BCD outputs of the 


counters are applied to three 7475 latches. The 
oscillator output is also applied to another 7490, con¬ 
nected as a divide-by-three circuit, which provides a 
strobe to the latches on every third count. A time 
delay is provided by a 74)21 one-shot multivibrator to 
insure that the inputs to the latches have settled. 

The basic timing diagram is shown in fig, 2 that in¬ 
dicates the signal relationship between the oscillator, 
the first decade counter, the divide-by-three counter, 
and the one-shot delay circuit. The output from the 
7475s is a BCD output occurring in steps of three; 1, 
4, 7, 10, 13, etc. The latch outputs are also applied to 
7446 BCD to seven-segment decoders that drive the 
displays, and to the synthesizer inputs in place of the 
frequency control switches. This section of the scan¬ 
ner is standard for TTL counting and display circuits. 

Two things are sufficiently different, however, that 


SQUELCH 



INHIBIT 

OSCILLATOR 


fig, 3. Functional diagram of the 3-minute and 3-second timers. They control the time that the oscillator runs and when it is 
inhibited. 
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the 7490 counters and the control timers. The 180-ohm 

f Of o - 1 

resistors can be used as interconnections between the 

main board and display boards. dpdt- center-off 


MOMENTARY ON — OFF 
MOMENTARY ON 


they should be explained. First, the GLB type syn¬ 
thesizers do not utilize a complete BCD signal from 
the frequency switch; a portion of the BCD signal is 
hard wired within the synthesizer while the remaining 
signal lines are controlled by the frequency switches. 
Table 1 shows the BCD inputs required at the syn¬ 
thesizer divider chain to produce the frequencies in¬ 
dicated. Examination of the table shows that some of 
the data does not change for frequencies between 
146 and 147.99 MHz. For example, to scan from 
146.01 MHz to 147.99 MHz requires only the ap 


table 1. Required BCD information for the synthesizer input. 


frequency 
column 

146.01 
146.04 
146.07 
147.00 
147.03 
147.06 

147.99 0 1 1 1 1 


bed data 

100 kHz 10 kHz 

f g h i j k I 

0 0 0 0 0 0 1 

0 0 0 0 1 0 0 

0 0 0 0 1 11 

0 0 0 0 0 0 0 

0 0 0 0 0 1 1 

0 0 0 0 1 1 0 

0 0 1 1 0 0 1 


MHz 

a b c d e 

0 110 0 
0 110 0 
0 110 0 
0 1110 
0 1110 
0 1110 


propriate change between BCD 6 and BCD 7. The 
7490 decade counter supplying the MHz data then 
has to supply the 0 and 1 count data of column d for 
the MHz BCD data as shown in table 1. The 2 count 
of this decade counter then represents 148.00 MHz 
and is used to reset all three 7490 decade counters 
and the 7490 divide-by-three circuit. 

The second major difference is the manner in 
which the divide-by-three counter is reset and its 
resulting operation. Outputs B and D of U6 are OR- 
wired via the two diodes to the input of the 74121. 
The A and B outputs of U6 are used to reset this 
counter. The resulting circuit then functions 
according to table 2. The 148-MHz reset signal from 
the third decade counter (US) presets the divide-by- 
three circuit to count nine. Upon receipt of the first 
pulse from the oscillator, the circuit goes to count 10, 
or zero since no carry circuit is used. At count zero 
the output goes low and the 74121 sends a signal to 
latch the 7475s. The correct BCD data for 146.01 
MHz is now stored in the latches. 

The fourth pulse from the oscillator causes outputs 
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10 MHz 


A and B of U6 to be high and the 7490 resets itself to 
zero. At this point, the output from the diode OR cir¬ 
cuit goes low and strobes the latches. The 7475s now 
have BCD data for 146.04 MHz stored in them. 

Three more pulses from the oscillator will again 
trigger the 74121 and the 7475s, providing BCD data 
for 146.07 MHz. The sequence continues for fre¬ 
quencies in 0.03 MHz steps until 148.00 MHz is 
reached, whereupon the divide-by-three circuit is 
reset to nine and the sequence starts over. 

Two timing circuits are used to provide the three 
operating modes described earlier. One 555 timer 
provides a 3-second delay and another timer provides 
about 3-minutes delay. A receiver squelch circuit is 
sensed by the 339 voltage comparator whose output 
controls the 3-second timer. Both true and inverted 
outputs are obtained from the 339. Fig. 3 shows a 
partial schematic of the timer circuitry. With the dpdt 
switch in position A, pins 2 and 4 of U2 are con¬ 


nected to the voltage comparator. An output pulse 
will be generated if the pins receive a positive going 
signal from the comparator. The duration of the 
pulse from U2 is determined by the values of R t and 
C t . The output pulse will terminate after this time 
even though the input is still present. If the input 
signal is less than the R t C t determined pulse dura- 


table 2. Outputs from the 
operation. 

inputs 

7490 showing the divide 

7490 

outputs 

d c b a 

by-three 

circuit 

output 

Reset to 9 


1 

0 

0 

1 

1 

Oscillator input count 

1 

0 

0 

0 

0 

0 


2 

0 

0 

0 

1 

0 


3 

0 

0 

1 

0 

1 


4 

0 

0 

0 

0 

0 


5 

0 

0 

0 

1 

0 


6 

0 

0 

1 

0 

1 


7 

0 

0 

0 

0 

0 


february 1978 SB 59 











> 

< 

Ql 

Q 



fig. 5. Full-size layout of the printed- 
circuit boards. 


tion, the output will terminate with the input. The 
output from the timer is used to inhibit the oscillator; 
this causes the scanner to stop on the frequency that 
opened the transceiver squelch. In this mode the 
scanner stops only for a duration determined by R t 
and C t , in this case 3 seconds (or less if the signal is 
present for less than 3 seconds). 

With the dpdt switch in position B, the inverted 
squelch signal is applied through the 1-meg resistor 
to only pin 2 of the 555. In this mode, the 555 output 
follows the squelch signal, without delays, as long as 
the squelch signal is longer than 3 seconds. The 555 
output exists for at least 3 seconds even though the 
squelch input may be shorter. This is the mode used 
when it is not desired to wait for a return call after a 
repeater drops. 

One section of the 339 voltage comparer is used as 
an amplifier and connected across the timing 
capacitor of U2. When the dpdt switch is in position 
C, the amplifier has an input and becomes active. A 
signal from the squelch drives the amplifier output to 
ground potential, thereby maintaining Cj in a 
discharged state until the squelch is present, and for 
a period afterwards that is determined by C t and R t . 
The receiver listens as long as the squelch is open 
and then for an additional period, 3 seconds in this 
case, waiting for a return call. This mode is used with 
repeaters that require a repeater carrier drop between 
transmissions. The timing circuits used in the scan¬ 


ner were based on reference 1 and the data in the 
Signetics data books. 2 

The 3-minute timer is used to prevent the scanner 
from locking up indefinitely on very active repeaters. 
The 3-minute 555 timer (U3) senses the output from 
the 3-second timer, as shown in fig. 4. It operates 
just as the 3-second timer does when in mode A. A 



Close-up view of the scanner portion of the synthesizer 
showing the operating controls. 
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The main circuit board has bean split into two separate por¬ 
tions with the display board connected by the 180-ohm 
current-limiting resistors. 


positive-going signal at its input {pins 2 and 4 tied 
together} causes initiation of its 3-minute output 
pulse. The 3-minute timer's output is terminated 
when the input is removed or after 3 minutes, 
whichever is less. The output of the 3-minute timer is 
applied to one input of a 2-input NAND (U4B) gate to 
control passing or inhabiting of the 3-second timer 
output, which is connected to the second input of 


the NAND gate. The output from the NAND gate (pin 
6) controls the scanner oscillator. The squelch input 
to the amplifiers is inhibited by a second NAND gate 
(U4A) when the 3-minute timer has expired and the 
3-second timer's output still exists, thereby resetting 
both timers. 

construction 

Construction of the scanner is rather straight¬ 
forward with use of the printed circuit board. A full- 
size circuit-board layout and parts placement 
diagram are shown in figs. 5 and 6, respectively. The 
circuit board can be built as a single unit, or can be 
cut and assembled into a compact unit as shown in 
the photographs. Since 1C sockets usually cost more 
than the ICs themselves, soldering directly to the cir¬ 
cuit board is recommended. 

The circuit board should be built and tested in sec¬ 
tions. The recommended sequence is to install the 
squelch amplifier, timers, and latch/continue chain, 
and then follow with the 555 oscillator, divide-by- 
three counter, and one-shot chain. A 1-meg pot 
should be temporarily installed in place of R x . This 
pot will later be adjusted to suit the builder's 
transceiver and then replaced with a fixed-value 
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fig. 7. Scanner wiring to synthesizer. The control switches must be disabled when the scanner is in use. 


resistor. At this point in construction, a 30-Hz signal 
should be observed at the oscillator (U5, pin 3) and a 
10-Hz signal at the output from the one shot (U7, pin 
6). The oscillator should also respond to squelch in¬ 
put signals. The 7490 counters and the 7475 latches 
can now be installed. Pin 14 of the 7475s must be 
removed from the package. The pin was removed to 
facilitate circuit board layout; jumpers or. the foil side 
of the board connect pins 4 and 13 of the latches 
and between pins 3 and 9 of U10. Check that the 



fig. 8. Control switching for the BCD lines in the synthe¬ 
sizer The normal switches on the synthesizer are auto¬ 
matically inhibited when using the scanner. 


7490s are counting down and data is being trans¬ 
mitted through the latches. Install the decoders and 
verify the correct information exists at the outputs. 

The seven-segment LED displays are mounted on a 
small, separate printed-circuit board. Note that the 
10-MHz display (the number 4) is mounted inverted. 
The display circuit board will accommodate most of 
the SLA-1, MAN 7, or 707 displays with a common 
anode. Be sure to install the jumper wires on the foil 
side of this circuit board. The displays should first be 
mounted to the circuit board, then make the connec¬ 
tions between the display circuit board and the main 
circuit board. The main circuit board can be cut near 
the 7476s and the 180-ohm resistors used to mount 
the display board to the main circuit board. Make 
these connections to suit your particular installation. 

The control switches should now be wired and the 
completed scanner checked out before connection 
to the synthesizer. Use a regulated 5-volt power sup¬ 
ply capable of providing about 750 mA. An indepen¬ 
dent LM309K or similar regulator, supplying power 
only to the scanner, is recommended. 

The scanner outputs from the 7475s are wired to 
the synthesizer as shown in fig. 7. The synthesizer 
BCD transmit, BCD receive, and scanner outputs are 
OR wired through the diodes to the synthesizer 
programmable divider. When the scanner is in use, 
neither the synthesizer BCD transmit or receive 
diodes can have voltage applied; their anodes must 
be either open or grounded. Fig. 8 shows the circuit 
used in my homebrew 2-meter TTL synthesizer. 

Another method is to replace the synthesizer 
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receive select switch (used for selecting between the 
two sets of BCD switches) with a double-throw, 
center-off switch. This switch must be in the off 
position when the scanner is in use. An alternative to 
both of the above methods is to set the BCD switches 
for a// zero outputs, usually 144.00 MHz. The squelch 
input to the 339 comparator (U1) should be con¬ 
nected, with shielded cable, to a point in the 
transceiver where the voltage goes high when the 
squelch opens. 

Power can be applied to all portions of the scanner 
and correct operation of the control switches, 
display, etc. should be verified. The 1-meg pot tem¬ 
porarily installed in place of R x should initially be set 
at its maximum resistance. It should then be adjusted 
for the maximum scan rate, as dictated by the lock¬ 
up time of the external synthesizer. After satisfactory 
operation is obtained, the pot should be replaced by 
the next largest, fixed value resistor. A 470k resistor 
can be used for R x with most transceivers and syn¬ 
thesizers if maximum scan rate is not of particular 
importance. 

circuit variations and additions 

A number of practical and interesting circuit and 
functional variations are possible. This section will 
present several variations and additions that have 
occurred to me. Some have been tried, while others 
are only ideas that you may want to develop to suit 
your own particular needs. 

One variation is to have the digital display indicate 
both the scanner frequency and the synthesizer BCD 
switch frequency. This can be accomplished by 
taking the BCD inputs to the 7446 seven-segment 
decoders from the synthesizer at the programmable 
divider inputs. The display will indicate the scan fre¬ 
quency when the scanner is in operation; when off, 
the display will indicate the synthesizer receive fre¬ 
quency when receiving and the transmit frequency 
when transmitting. Pull-down resistors may have to 
be added at the 7446 inputs; the 7446s and displays 
must, of course, have power when the scanner is off. 

Scanning in 10-kHz steps can be obtained by in¬ 
hibiting or bypassing the divide-by-three circuit. This 
feature will provide nearly continuous coverage of 
the 2-meter band. 

Fig. 9 shows simple circuit changes that will 
eliminate scanning of the 147-MHz repeater input fre¬ 
quencies. This change will reduce the scan time by 
about 2 seconds. No comparably simple way was 
found to eliminate scanning of the 146-MHz repeater 
input frequencies. 

Other variations include elimination of the scan 
mode control switch and the latch/continue switch. 
The scanner will be in mode B (does not wait for a 


return call) if the mode switch is simply omitted. 
Connecting a jumper between points 102 and 105 
results in mode C operation (wait for a return call). 
The latch/continue function is useful and its elimina¬ 
tion is not recommended unless minimization of 
pane) space is desired. 

Those builders needing the absolute minimum 
panel space could eliminate the control switches and 
use 0.1-inch (2.5mm) high displays. Only the 100 kHz 
and 10 kHz digits need displays. A discrete LED could 
be used to indicate 147 MHz. The synthesizer 



fig. 9. Circuit changes to prevent the counters from cover¬ 
ing the 147-MHz repeater receive frequencies. 


ON/OFF switch could be a center-off dpdt switch 
supplying power only to the synthesizer when in one 
on position, and power to the synthesizer and scan¬ 
ner when in the other on position. 

Another addition that could lead to some in¬ 
teresting possibilities is an automatic transmit fre¬ 
quency offset feature. Digital subtraction of 600 kHz 
could be provided for 146 MHz repeater frequencies 
and 600 kHz addition provided for 147 MHz repeater 
frequencies. A center-off, double-throw switch, 
marked REPEAT-SIMPLEX-INVERT could be used. The 
latch/continue control could then be used to place 
the synthesizer on frequency and latch it there. The 
bulky BCD transmit and receive switches could be 
eliminated, and a very compact, highly functional 
synthesizer/scanner could be built. 

These variations and additions are presented to 
encourage building and experimenting among 
amateurs. I hope that others will build upon and add 
to these efforts, and eventually present the results 
for the benefit of all amateurs. 

references 
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modifying the 

Collins 51J receiver 


for ssb reception 

If you’re lucky enough 
to have one of the 
51J-series receivers, 
here’s an easy way 
to update it 
for single-sideband reception 

One of the most popular surplus receivers is the 
Collins 51J series, available in limited quantities 
through MARS and some surplus stores. Designed in 
the mid 1950s, the stability, readout accuracy, and 
general excellence of this receiver literally revolu¬ 
tionized receiver design, setting the trend for most of 
the modern ssb receivers and transceivers. The 
immediate fallout from the 51J design was the well- 
known Collins 75A series of amateur-band only 
receivers, followed by the present S-line. 

The many virtues of the 51J series receivers do not 
include good ssb reception. An important modifica¬ 
tion is the inclusion of a product detector and alter 
ation of the automatic gain-control loop to accom¬ 
modate ssb signals. This article covers these 
modifications as well as other minor changes that 
make the 51J into a first-class receiver suitable for 


amateur service, including general-coverage 
operation. 

Five models of the 51J receiver are available. The 
51J-1 is quite rare; probably the quantity made was 
small. The 51J-2 and 51J-3 are fairly common on the 
surplus market; differences between the receivers 
are minor. The military R-388/URR is similar to the 
51 J-3. The 51J-4 was the latest production model 
and incorporates mechanical filters in the i-f system. 
A choice of three filters may be made with a panel 
switch. 

At one time Collins made an adapter (Collins part 
number 354A-1) for the 51 J-2 and 51 J-3 that would 
modify the receivers for inclusion of crystal filters. 
The adapter is no longer in production. 

The first job for the owner of a 51J is to align it cor¬ 
rectly and test all the tubes. Complete alignment 
information is included in the Collins receiver manual 
and also in the military technical manual, Radio 
Receiver R-388/URR, TM-11-854, sometimes obtain¬ 
able through MARS or surplus dealers. 

receiver sensitivity 

A common fault in most 51J receivers I've inspected 
is that overall gain is low and the receiver seems dead 
above about 15 MHz. Investigation has shown that 
receiver gain is reduced because of an uncommonly 
high bias voltage applied to the rf tubes. Bias is ob¬ 
tained from a voltage divider in the negative side of 
the high-voltage power supply (fig. 1). Normal bias 
voltage is -1.4 volts and, in the receivers tested, has 
usually run from -1.6 to -3.0 volts. This high 

By William I. Orr, W6SAI, EIMAC, 301 In 
dustrial Way, San Carlos, California 94070 
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negative voltage lowers the gain of the rf stages, 
leaving the receiver lifeless. Bias voltage is developed 
across resistor R149, which is 820 ohms, 1/2 watt. In 
many receivers, this resistor looks to be overheated 
or measures abnormally high in resistance. The cure 
is to remove R149 (which is located on a terminal 
strip on the inside wall of the receiver, near the line 
cord) and replace it with a 2-watt resistor of the pro¬ 
per resistance, which will develop a voltage drop of 
1.4 volts across it. You'll find the value will run be¬ 
tween 700 and 1000 ohms, depending upon your 
receiver. 

receiver PTO 

On occasion a 51J may be picked up for a song 
because the PTO (permeability tuned oscillator) 
"doesn't work.” The usual cause of malfunction is a 
collection of matchstick capacitors in the PTO (C005, 
C006 and C008), which tend to short circuit after a 
few years of service. These are 0.01 -/xF, 400-volt 
capacitors of a design no longer made. Replacing 
these capacitors with 0.01-^F, 600-volt disc ceramic 
capacitors will usually restore the PTO to operation. 1 

the new product detector 

Once the 51J has been aligned and is operational, 
the ssb modification may be added. The circuitry to 


FROM 
DETECTOR 
VHOA 
PIN 6 



fig. 1. Age and bias control portion of the 51J receiver. R149 
establishes control-bias level. For a negative control vol¬ 
tage V110B and V111A operate below ground. Age time 
constant is determined by R144 and C250B. External cath- 
ode-to grid circuit (V111A) should be below 2 megohms 
after modification to prevent stray "gas current" in the 
12AU7 from blocking the age action. Audio amplifier bias 
is obtained from the negative source across R166. 



fig. 2. Original 51J BFO circuit. A 6BE6 tube is substituted 
for the original 6BA6 (V114) to provide a product detector. 
Tube is turned off by switch S112, which short circuits the 
screen voltage to ground. (See reference 2 for more details 
on the tube substitution.) 

be modified is shown in figs. 2, 3, and 4. The major 
alteration is in the beat-frequency oscillator (fig. 2), 
which is changed to perform as a product detector. 
To make this change, the receiver panel may have to 
be removed, as a new beat oscillator switch (S112) 
may be required. A 6BE6* is substituted for the 6BA6 
BFO tube, and various circuit changes are made 
beneath the chassis. The final circuitry, after 
modification, is shown in fig. 4. 

The first step is to start work on the BFO tube 
socket (XV114). Most Collins 51 Js are wired with 
high-quality wire having a thin plastic coating, which 
can be easily damaged by a soldering iron. I suggest, 
therefore, that you use a small iron with a long, nar¬ 
row point and proceed carefully so that you don't in¬ 
advertently burn any insulation on adjacent wires. 
Referring to fig. 2, remove the following com¬ 
ponents; R161 (33k), R160 (100k), R162 (2.2k), C218 
(0.01 /xF) and C219 (0.01 /xF). 

Next, capacitor C206 (5 pF) must be carefully 
disconnected from XV114 pin 5 and reconnected to 
pin 7. A 10k, 1/2-watt resistor is then connected be¬ 
tween pin 7 and the adjacent ground lug. XV114 pin 
2 is ungrounded and reconnected to the BFO 
transformer pin 5 (center pin) through the 220-ohm 
resistor and 0.01 /xF combination. 

The next step is to solder the 0.05-/xF disc ceramic 
capacitors in place. One capacitor connects between 
pin 6 and the nearby socket ground post. The other, 
in the plate circuit, is attached to an existing terminal 
stud, which is screwed to the bolt holding the main 
filter capacitor socket. The 10k, 1-watt resistor is 
connected between the high-voltage terminal (pin 5 
of C217B socket) and the terminal stud. The 47k, 
1/2-watt resistor is placed between the stud and pin 
5 of socket XV114. 

*For additional information on the use of the 6BE6 product 
detector, see reference 2. 
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The final modifications at this point are to place 
the 0.1 filament bypass capacitor on the socket 
and revise the audio and age circuitry. 

audio-stage mods 

The remainder of the modified circuitry is shown in 
fig. 4. The plate circuit filter components (two 470- 
pF capacitors and a 47k, 1/2-watt resistor) are 
mounted on a two-terminal strip placed under one 
bolt of coaxial socket J104 (marked if output). The 
0.05 fif coupling capacitor is connected between this 
assembly and XV114 pin 5. 

The 51J panel must now be removed to get at 
selector switch S112 (BFO OFF-ON) (fig. 5). If not, 
the switch will have to be replaced with the proper 
type (dpdt). The A section shorts the 6BE6 screen 
supply for am service. The B section switches the 
audio section of the receiver from the product detec¬ 
tor to the diode detector, through limiter tube 
VI12A. The audio takeoff point is XVI12A pin 3. 

To make the interconnections, three coax cables 
must be run from switch S112 to the rear of the 
receiver. For ease of wiring, the small-diameter RG- 
179/U is suggested. The outer braids of the three 
cables are grounded to the switch assembly on the 
panel. The cables are dressed into position and run to 
the respective termination points, at which place the 
shields are again grounded. 

age mods 

To complete this step, capacitor C205A-B-C 
should be temporarily unbolted from the chassis and 
moved out of the way. 

The age loop in the receiver is designed to adjust 
the rf and i-f gain automatically for a-m signals. It 
must be modified for ssb reception. Pappenfus et afi 
recommends an attack time of about 0.002 second 
and a release time of 0.2 to 2 seconds. This time con¬ 
stant can be closely approximated within the limita¬ 



fig. 4. Revised product detector and age circuit. Caps are 
ceramic except for the time-constant cap. which is Mylar 
(see text). BFO injection, measured at pin 1 XV114 socket, 
should not be more than 10V rms. Oscillator voltage can be 
set by varying the 22k, 2W screen resistor. Signal injection 
level is set by the value of the resistance between XV114 
pin 7 to ground. 

tions imposed by the 51J circuitry. The age circuit is 
shown in fig. 1. The age time constant, as the 
receiver stands, is about 0.06 second, determined by 
capacitor C205B and resistor R144. 

It's theoretically possible to increase the time con¬ 
stant by increasing R144; however, there's an upper 
limit to the value of this resistance, as pointed out by 
my friend and colleague, W6PO, who reminded me 
that oxide cathode tubes such as the 12AU7 are 
restricted as to the maximum value of grid resis¬ 
tance, which should run less than two megohms. 

The reason for this restriction is that a combination 



fig. 3. Detector and i-f output amplifier schematic. V110A is connected as a diode detector. Audio is recovered across R151. 
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of the Edison effect and the migration of oxide from 
the cathode to the grid as the tube ages can lead to 
grid emission. An electron flow caused by grid emis¬ 
sion (even if only a microampere or so) can seriously 
disrupt the bias level when the grid resistor is an 
unreasonably high value. One microampere, for ex¬ 
ample, flowing through a 2-megohm resistor pro¬ 
duces a 2-volt drop, enough to alter the operating 
characteristics of the 12AU7 age amplifier tube. The 
flow of grid current can block the age line, rendering 
the receiver inoperative. W6PO recommended that 
not more than 2 megohms, and preferably less, be 
used in the age time constant circuit. 

To achieve the desired results capacitor C205B 
(0.1 fiF), which is part of the timing circuit, must be 
increased to at least 1 pF. The use of a low leakage, 
Mylar capacitor at this point is recommended. The 
capacitor can be placed directly from the center ter¬ 
minal of C205B to an adjacent ground lug. The 
resistive portion of the timing circuit is made up of a 
germanium diode and two resistors. The attack time 
is set by the 2.2k, 1 /2-watt resistor and the release 
time by the 1 megohm, 1/2-watt resistor. The 1N270 
diode disconnects the attack resistor during the 
discharge portion of the age cycle. This tiny network 
is made up and then placed between pin 3 of socket 
XVI10B and the adjacent terminal of capacitor 
C205B (fig. 4). 

testing 

After the wiring is checked, the receiver should be 
tested on a-m to make sure that all original circuits 
are working. When the BFO switch is turned on, the 
BFO may be adjusted for good ssb reception. Once 
satisfied the receiver is working properly, you can 
check out ssb operation. 

The first step is to check for BFO harmonics. With 
the antenna off, tune the receiver to 1 MHz, 1.5 
MHz, and 2 MHz. The BFO harmonics should be 
heard weakly at the lower frequency and should be in 
the receiver noise level above 3 MHz. If the har¬ 
monics are loud enough to be troublesome, the BFO 
level should be reduced by increasing the value of the 
22k, 2-watt screen resistor on the 6BE6. Once the 
BFO harmonics have been reduced to your satisfac¬ 
tion (about 2 or less divisions on the S meter at 2 
MHz), you can check the product detector for signal 
overload. 

With the constants shown, the signal from the 
product detector will be somewhat less than that 
from the a-m detector. The receiver has ample audio 
gain, so this presents no difficulty. You should be 
able to tune in a needle-banging ssb signal and 
receive it crisp and clean. If audio distortion shows 
up as a growl on speech, this indicates that the pro¬ 
duct detector is being driven too hard by the i-f 
signal. The remedy is to reduce the value of the 10k, 


1/2-watt resistor in the rf input leg of the 6BE6 
XV114 pin 7. In some cases, this resistor value will be 
as low as 1.2k for low intermodulation distortion. 

The 51J receivers vary a bit from one production 
run to another, and changes in harness layout affect 
the oscillator level injection, oscillator harmonics, 
and intermodulation distortion. However, the values 

ON* 1 »OFF IN* ♦ OUT 


FROM 



fig, 5. Many 51Js can be wired in this fashion for proper 
switching. If S112 and S116 are single-pole switches, they 
must be replaced with double-pole, 2-position, shorting 
switches. Note that section B of S116 is used only as a tie 
point for C209. 

given in the schematic are representative and are a 
good place to start from. 

parting thoughts 

One baffling 51J receiver, after modification, 
overloaded on even the weakest ssb signal. A 
painstaking check revealed that some previous 
owner, anxious of wringing every decibel of gain out 
of the receiver, had changed the detector tap on 
transformer T105 from pin 6 to pin 4 (fig. 3). This 
upset the gain level of the receiver so that overload 
was inevitable. Changing the modification back to 
the original circuitry cured the trouble. 

The modified 51J, especially if equipped with 
mechanical filters and a reduction tuning knob, is the 
equal of the best of today's ssb receivers. How many 
items of equipment, designed in the mid-1950s can 
equal that? 
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discrete 
operational amplifier 

active filters 


The functions of 
the hybrid active filter 
can be replaced 
by using individual 
operational amplifiers — 
the quad op amp 
now permits a 
package-by-package 
replacement 

Two recent excellent articles have described the 
construction of active filter circuits for CW and ssb 
receiving applications, using the Kinetic Technology 
type FX-60 hybrid, integrated circuit. 1 ' 2 As men¬ 
tioned in K6SDX's article, 2 the KTI FX-60 '"Univer¬ 
sal Active Filter" is a basic building block, incor¬ 
porating three micro-power op-amps with internal 
chip resistors and capacitors forming multi-loop 
negative feedback transfer functions. By the addi¬ 
tion of external resistors and/or capacitors, the 
nominal center frequency may be changed, and the 
outputs modified to simulate a variety of classic filter 
characteristics. 

However, the FX-60 is not always easy to come by 
since it is a "cull" or production reject of the com¬ 
mercial series FS-60. The FS-60 rejects have one or 
more tolerances out of limits, but are perfectly ac¬ 


table 1. Comparison of multiple op amp integrated circuits. 


manufacturer 

type 

number of 
op amps 

supply 

voltage 

RCA 

CA3401E 

four 

single { + ) 

Motorola 

MC3301P 

four 

single { +) 

National 

LM3900N 

four 

single { + ) 

National 

LM-324 

four 

single ( 4-) 

RCA 

CA3060E 

three 

dual {+ & - 

National 

LM148 

four 

dual { + & - 


Note: The CA3401E, MC3301P, and LM39G0N are pin-for-pin compatible. 


ceptable for experimental and amateur applications; 
they carry the designation FX-60. The FX-60 is only 
available directly from the manufacturer, the supply 
is limited due to a small rejection rate, and the com¬ 
mercial grade FS-60, at a five times higher price, is 
proportionately less attractive for amateur projects. 

Fortunately, there are now a number of inexpen¬ 
sive, multiple op amp ICs which can be used to 
adequately simulate the basic functions of the FX-60. 
The multiple op amps can be substituted in most of 
the circuits for which the FX-60 is specified. A partial 
list of suitable ICs for this purpose is shown in 
table 1. 

Single supply voltage types require only a positive 
supply in the range of 5 to 25 volts, and have a built- 
in center-signal reference. Dual supply types more 
commonly require both a positive and negative vol¬ 
tage with respect to ground. Some may be found at 
bargain prices at surplus supply houses. 

While all of the ICs listed in table 1 are suitable 
for active filter applications, I chose the LM324 for 
further consideration. Though not classified as 
"micropower," it has relatively low power drain 
(approximately 700 j/A/amp), low internal noise 
(allowing use in low-level signal circuits), incorpo¬ 
rates four independent op amps, and requires only a 
single positive supply voltage. 

basic universal 
active filter 

Fig. 1 illustrates the basic circuit of the FX-60 with 
its internal negative feedback loops, and connections 
for the DIP configuration (viewed from the bottom). 
The internal resistor and capacitors (R1A/R2A and 
C1A/C2A) set the nominal bandpass output center 
frequency of 230 Hz and also the cutoff frequency 
( f c ) of the lowpass and highpass outputs. This fre¬ 
quency (230 Hz) can be increased by connecting ex¬ 
ternal shunt resistors, R1B/R2B, across pins 1 and 2, 
and pins 10 and 12. The external resistors are always 
of equal value for a specific frequency above 230 Hz, 
and can be calculated from the formula 
p __ 455 x 10* 

fc 

where f c is the desired frequency above 230 Hz. If 

By Peter A. Lovelock, K6JM, 1330 California 
Avenue, Santa Monica, California 90403 
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R1B/R2B are ganged variable units, the filter outputs 
can be made tunable. 

For nominal center frequencies below 230 Hz, ex¬ 
ternal capacitors C1B/C2B are connected across 
pins 2 and 12, and pins 7 and 10. These capacitors 
should also be of equal value to establish the desired 
center frequency below 230 Hz. In addition, the ex¬ 
ternal resistors can be used, in conjunction with the 
external capacitors, to tune the filter outputs above 
the reduced nominal frequency. 

External resistor R4, either fixed or variable, is con¬ 
nected between pin 8 and ground to trim the nominal 
Q and gain of the FX-60, in conjunction with R3, 
the external input resistor. Pin 14 is normally the 
signal input, with pin 6 used for special applications. 

The basic circuit of the FX-60, which is called the 
"Bi-Quad Active Filter," can be adequately dupli¬ 
cated, for amateur applications, with an LM324 as 
shown in fig. 2. Since the LM324 has pin connec¬ 
tions to each of the four independent internal op 
amps, the frequency-determining resistors and 
capacitors are combined into single components, 
R1/R2 and C1/C2. The Q is varied by appropriate 
values of a single resistor R3; increasing the value of 
R3 increases Q and vice versa. Since width of the 
bandpass output is related to Q, R3 can be adjusted 
experimentally for the desired bandpass character¬ 
istic. 



fig. 1. The internal configuration of the KTI FX-60 hybrid ac¬ 
tive filter. External resistors or capacitors can be added to 
either raise or lower the center frequency. 
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fig. 2. A basic bi-quad active filter using the individual op 
amps of an LM324IA). The equivalent pin numbers of an 
FX-60 show the LM324 can be used to replace the hybrid ac¬ 
tive filter. B shows the pin outs for the LM324. 

Comparison of figs. 1 and 2 show how the latter 
circuit, using the LM324, can be substituted for the 
FX-60 in previous articles. If the same resistance/ 
capacitance (100k and 0.001 pf) are used in the 
LM324 circuit, the same approximate nominal center 
frequency of the FX-60 (230 Hz) will result. For direct 
substitution, the user may want to configure R3 in 
fig. 2 into the three resistor combination used in 
fig. 1. 

In the Bi-Quad duplicated circuit, only three of the 
four available op amps are used. The fourth op amp 
may be used as an output amplifier in place of the 
741 device required in some circuits, 2 or for summing 
the highpass and lowpass outputs. 

Fig-3 shows the complete circuit of an active filter 
using the LM324, with appropriate biasing for a sin¬ 
gle supply voltage of +5 to +25 Vdc. The R1/R2 
value (150k) establishes f c at 1000 Hz, and the value 
of R3 (10 meg) for a Q of 50. Values of R1/R2 for 
other bandpass center and f c frequencies can be 
calculated from the formula 

15x10? 

fc 

The resistors should have a 1 per cent tolerance, but 
5 or 10 per cent tolerance may be used, with some 
variation in resultant f c . Variations of R1/R2, for 
values of C1/C2 other than 0.001 pcf, are beyond the 
scope of this article; in general, the bandpass and 
f c can be determined for values of R/C when R = X c . 
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fig. 4. Schematic diagram of a tunable active filter. The highpass and lowpass outputs have been summed in the fourth op amp 
to provide a notch output. The potentiometers must have a reverse log taper. 


A fully tunable active filter, covering the range of 
300 Hz to 3000 Hz is shown in fig. 4. In addition to 
the previous highpass, bandpass, and lowpass out¬ 
puts, the fourth op amp (U4) is used to sum the high- 
pass/lowpass outputs which, being 180 degrees out 
of phase, result in a tunable notch at the output of 
U4. The tuning potentiometers are ganged, reverse 
log taper, 500k carbon, 2 watt units. Although exact 
tracking between the potentiometers is not critical, 
high quality components are recommended to mini¬ 
mize noise and frequency jumps, A notch of -35 
dB can be attained using fixed components with 5 
per cent tolerance. This circuit is similar to that used 
for audio notching in the new Atlas 350-XL trans¬ 
ceiver, and is most useful for nulling out unwanted 
CW signals or broadcast hetrodynes in the 3.8 and 7 
MHz bands. The low internal noise of the LM324 
permits inserting this circuit between the product de¬ 
tector and first audio amplifier stages of a receiver. 

Resistor R3 establishes the Q. for a notch width of 
200 Hz at the - 3 dB points. While the notch may be 



fig. 3. A practical fixed-frequency active filter using the 
UVI324. The center frequency is 1 kHz, with a Q of 50. 


narrowed by increasing the value of R3, tuning for 
maximum notch depth becomes increasingly diffi¬ 
cult; 200 Hz is about optimum, for ease of adjust¬ 
ment. The notch output has unity gain with respect 
to the input signal, and any variations due to com¬ 
ponent tolerances can be adjusted for by trimming 
the value of the 100k resistor between pins 13 and 14 
of U4. 

This tunable active filter is generally useful for 
amateur receiver applications since the choice of 
high, low, bandpass, or notch outputs may be 
switched. It should be noted, however, that the 
highpass, lowpass, and bandpass outputs have gain 
with respect to the input. A resistive attenuator 
(minimum 1 megohm) coupled through a 0.1 fxF 
capacitor to each of these outputs, is required to ad¬ 
just the levels for unity gain. 

An alternate, fixed-frequency notch filter, using 
only three op amps, is shown in fig. 5. Other than re¬ 
duction of components, this circuit has no inherent 
advantage, but lends itself to triple op amp ICs. 
Not easily adaptable to tuning, this circuit is useful 
for discrete frequency notching. 

general considerations 

Reasonable care must be taken when laying out 
any circuit that uses multiple outputs and feedback 
loops. The LM324 is particularly well suited to mini¬ 
mizing stray coupling, since the output terminal of 
each op amp is located at the four corners of the DIP 
1C. Stray coupling between the input and output of 
the separate op amps must be avoided to prevent in¬ 
stability or performance degradation. This is particu¬ 
larly Important In the notch filter circuits where stray 
coupling may limit the attainable notch depth. 

If you wish to use one of the suggested devices 
other than the LM324, for a filter, I recommend that 
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fig. 5. A fixed frequency notch circuit can be formed by 
" using three sections of an LM324. This arrangement does 
not lend itself well to adjustable notch frequencies. The 
center frequency for this circuit is 3 kHz. 


you consult the manufacturer's specifications re- 
garding supply voltages. For single-supply voltage 
types, the biasing requirements can be uniquely 



fig. 6. A basic fixed frequency active filter that uses the 
compatible CA3401E, MC3301P, and LM3900N. The center 
frequency is 1 kHz. The 1 megohm resistor in the non¬ 
inverting lead is used to limit the input current. 


different. As an example, fig. 6 shows a fixed fre¬ 
quency filter using the CA3401E, MC3301P, or 
LM3900. These pin-compatible devices employ an 
internal "current mirror" transistor for the single 
polarity supply. Compared with the previous circuits, 
you can see that these devices require a different 
biasing arrangement, including high-value series 
resistors for the non-inverting inputs to limit bias 
current to between 10 and 100 pA. 

references 

1. Ken Holludy , K6HCP, “Tunable Audio Filter for Week signal Communi¬ 
cations\“ ham radio, November, 1975. page 28. 

2. M. A. Chapman, K6SDZ, "Audio Filters for Improving SSB and CW Re¬ 
ception,” ham radio. November, 1976, page 18. 
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Quality for an Economy Price 
Solid State Construction 

Linear Switch (FM/SSB) 

Broad Band 



Model Input Output Typical Frequency Price 
702 10W-20W S0W-90W 10Wln/70Wout 143-149MH* $149.00 

702B 1W- SW 60W-80W 1Wjn/70Woul 143~149MHz $179.00 

Now gel TPL COMMUNICATIONS quality and 
reliability at an economy price. The solid state construe* 
Hon, leaturmg magnetically coupled transistors and a 
Moating ground, gives you an electronically protected 
amplifier that should last and last. 

The Linear Bias Switch allows you to operate on either 
FM or SSB. The 702 and 702B are exceptionally well 
suited for 2-meter SSB. Typical power output levels as 
high as 100W PEP can be achieved with the proper drive. 

The broad band frequency range means that your 
amplifier is immediately ready to use. No tuning is 
required for the entire 2-meler band and adjacent MARS 
channels on TPL’s new S&ono-Line. 

See these great new additions to the TPL COM¬ 
MUNICATIONS product line at your favorite radio dealer. 

Cali or write tor prices and infor¬ 
mation on TPL's complete line of 
amateur and commercial amplifiers. 

COMMUNICATIONS INC. 

1324 W. 135TM ST., GARDENA, CA 90247-(213) 538-9814 

Canada: A.C.Slmmandi & Sons Ltd.. 285 Yarkland 8|vd., WUIawdate, OnrortaM2J 1S8 
Export : EMEC Inc., 2350 South 30th Avenue, Hallondole. Flo. 33009 


omni-j 

ANTENNAS 

MODEL OJA-146 


TWO METER AMATEUR BAND 146-148MHZ 

» NO GROUND PLANE REQUIRED 

* USE FIXED, MOBILE, OR PORTABLE 

* SdB GAIN OVER ISOTROPIC IN MOST MOBILE 
APPLICATIONS 

* OVERALL LENGTH: LESS THAN 64 INCHES 

* COLLAPSIBLE TO 22 INCHES. MAY BE PACKED 
IN SUITCASE FOR THOSE OUT-OF-TOWN TRIPS 

* STEEL WHIP AND ADAPTER INCLUDED FOR 
MOBILE AND FIXED APPLICATIONS 


VSWR: LESS THAN 1.2:1 


PRICE $29.95 


UPS Prepaid 


220 MHz —$27.95 450 MHz —$22.95 

MADISON 

ELECTRONICS SUPPLY, INC. 

1508 MCKINNEY HOUSTON, TEXAS 77002 
713/658 0268 Nites 713/497-5683 
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high voltage fuses in 
linear amplifiers 

The addition of two short pieces of 
wire to many linear amplifiers will pro¬ 
tect expensive components from 
damage in case of an arc-over or 
short in the high voltage circuit. Most 
high-voltage power supplies are 
fused in the primary circuit only, and 
a failure in the amplifier can destroy 
the rectifier string, grid, and plate 
current meters long before the 
primary fuse can open. 

The partial circuit shown in fig. 1 is 
a typical grounded-grid amplifier with 
the plate meter in the negative lead of 
the power supply. Note that the 
negative side of the power supply is 


not directly grounded. The ground 
path goes through both the grid and 
plate meters. If capacitor C2 shorts 
out, the short circuit current will go 
through both meters and, if the filter 
capacitor, Cl, is large, this current 
can have an instantaneous peak of 
hundreds of amperes. Such a failure 
will surely destroy the meters and will 
very likely destroy the rectifier string. 
The meter coils will be vaporized and, 
if the meters are sealed, the glass 
faceplates may blow out. 

The solution is to add high voltage 
fuses FI and F2. Each fuse consists 
of a short piece of no. 40 AWG 
(0.08mm) copper wire. This wire has 
a fusing current of 1.75 amperes, 
high enough that it should never 


open up under normal circum¬ 
stances, but low enough that it will 
blow in a hurry should a short or arc- 
over occur. Low voltage glass fuses 
must not be substituted in this appli¬ 
cation; they will explode when the in¬ 
ternal element vaporizes. They'll also 
take longer to open up fully as the va¬ 
porized element will sustain an arc 
until the glass breaks and allows it to 
dissipate. This delay, while probably 
no more than a few milliseconds, 
may be long enough to damage the 
meters. 

If resistors R1 and R2 are not pre¬ 
sent, they should also be added. 
Their purpose is to keep the negative 
lead of the power supply from going 
to a high negative potential with 
respect to ground should either of the 
meters or F2 open. They have no ef¬ 
fect on normal circuit operation since 
they are in parallel with the meters, 
whose resistance is a fraction of 
an ohm. 

In my homebrew 4-1000A linear, 
these fuse wires have blown twice 
due to arc-overs in the amplifier. On 
both occasions, they prevented 
damage to the power supply and 
meters, responding fast enough that 
the primary fuses did not blow at all. 
In seven years of heavy use, they 
have never failed during normal 
operation. I call that cheap insurance. 

John Becker, K9MM 



fig. 1. High voftage fuse circuit for iinear amp/ifier power suppiies. Care should be exer¬ 
cised during the installation of the two fuses. FI and F2. FI is in the actual high voltage 
path. 
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fig. 2. Schematic diagram of the source 
follower connecting the NE567 decoder 
and the transmitter. The tone is available, 
for the transmitter, when the CALL button 
is pushed. 

dual-function 
integrated circuit 

The article "private-call system for 
vhf fm," ham radio, September, 
1977, required a separate tone oscil¬ 
lator be used by the initiating station. 
In reality, the NE567 tone decoder is 
actually already oscillating at the re¬ 
quired frequency. Fig. 2 shows a 
method of using this 1C for both origi¬ 
nating the tone, and decoding it upon 
reception. 

Cal Sondgeroth, W92TK 


integrated-circuit 

oscillator 

Many keyer circuits have appeared 
in amateur radio publications 
(W7BBX, ham radio, April, 1976; 
WA5KPG, QST, January, 1976). 
Most use transistors for the oscillator 
or clock. When using ICs for the 
keyer, why not go all the way? A 
keyed 1C oscillator is shown in fig. 3. 
The clock will start when the key is 
closed and can be held until the dot, 
dash, or space is completed. The 
trick is to use a 74L04. If you use a 
regular TTL 1C, you will get micro¬ 
second pulses, instead of milli¬ 
second. Diodes CR1 and CR2 pre¬ 
vent the first pulse from being dif¬ 
ferent than the next; the 250pF 


msmmi 



fig. 3. Schematic diagram of the keyer oscillator. U1 is an SN7400, while U2 is an SN74L04. 
The diodes on the input of U2A form an OR gate that controls the oscillator. These inputs 
can be used to keep the oscillator running, providing the self-completing feature. The 
time constant, as determined by Cl and R1, is 4 mS; this is the width of the clock pulse. 
The values for C2, R2, and R3 give a pulse repetition time of 50 to 95 mS, which equates to 
approximately 12 to 24 words per minute. For higher speeds, C2 and R2 can be reduced. 


capacitor on the output is necessary 
to prevent noise spikes from falsely 
triggering the keyer circuits. 

J.T. Miller, WB6VZW 

wire-wound 
potentiometer repair 

Exact replacement units for those 
expensive wire-wound pots are often 
difficult to find. This factor makes 
repair of the defective control at¬ 
tractive. 

The winding is repaired by bridging 
the opening with a small strip of thin- 


METAi 


fig. 4. The open winding of a wire-wound 
potentiometer can be repaired by inserting 
a small metal strip between the winding 
and the outer insulation. 



sheet metal as shown in fig. 4. One 
possible material is the metal from a 
tin can. Cut the strip slightly shorter 
than the element width , and wider 
than the break in the winding. Curve 
the metal strip to conform with the 
shape of the resistance element. 

With power off, remove the rear 
cover to expose the wire resistance 
element. The opening in the winding 
is often evident by discoloration from 
overheating. Otherwise, it may be 
located by activating the equipment 
and adjusting the control knob to the 
setting where abnormal noise or 
other faulty performance occurs. The 
defect is now located directly under 
the movable wiper contact. Near the 
break, gently pry the resistance ele¬ 
ment away from the outer insulation 
using a thin screwdriver or knife 
point. This will permit starting the 
bridging strip into the opening. Now, 
press the strip behind the resistance 
element so that it does not interfere 
with free operation of the slider, or 
cover replacement. 

Gene Brizendine, W4ATE 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 126. 


Heath Self-Instruction 
Microprocessor course 



Heath Company has introduced 
its ET-3400/EE-3401 microprocessor 
learning system. The EE-3401 self- 
instructional course employs Heath's 
individualized learning techniques to 
instruct the student in microproces¬ 
sor operation, interfacing, and pro¬ 
gramming. The accompanying hard¬ 
ware and software experiments pro¬ 
vide valuable hands-on experience 
via the ET-3400 microprocessor 
trainer. 

Instructional materials in micro¬ 
processor operation and design, ap¬ 
plications, machine language pro¬ 
gramming, hardware, I/O interfac¬ 
ing, and much more, are all featured 
in the EE-3401 microprocessor 
course. The ET-3400 trainer features 
the popular 6800 microprocessor, 
256 bytes of RAM (expandable to 
512 bytes), a Ik ROM monitor, and 
6-digit hexadecimal display and key¬ 
board. Breadboarding sockets permit 
fast construction of experiments and 
special prototype circuits. 

For further information on the 


EE-3401 microprocessor course and 
ET-3400 microprocessor trainer, 
mail-order priced at $89.95 and 
$189.95 respectively, write for a free 
catalog to Heath Company, Depart¬ 
ment 350-460, Benton Harbor, Mich¬ 
igan 49022. 


multi-family high-speed 
logic probe 



Continental Specialties Corpora¬ 
tion has announced the addition of 
the multi-family, high-speed Logic 
Probe 3 to its expanding, popular line 
of prototyping and test equipment. A 
more advanced version of the com¬ 
pany's popular Logic Probe 7, the 
LP-3 provides precise indications of 
static and dynamic circuit conditions. 

Drawing power from the circuit 
under test, the LP-3 offers pulse de¬ 
tection, pulse stretching and latching 
Imemory) capabilities, for an instant 
readout of logic levels; positive and 
negative transitions or pulse symme¬ 
try. The LP-3 also provides positive 
indication of one-shot and low-rep¬ 
rate events via its latching function. 
Even though the LP-3 is highly ac¬ 
curate (within 0.15V or less), it re¬ 
quires no calibration or other ad¬ 
justments. 

Incorporating special circuitry de¬ 
signed for use with high-speed logic, 
the LP-3 allows detection of pulses as 
short as 10 nanoseconds. In the 
PULSE mode, a built-in pulse stretch¬ 
er causes the PULSE LED to blink at a 
10 Hz rate, indicating pulse transi¬ 
tions. Two level-detector LED's, HI 
(logic 1) and LO (logic 0) indicate log¬ 


ic levels present in the circuit. At high 
frequencies, the LP-3 will also indi¬ 
cate whether signals are symmetrical. 
Pulse trains with duty cycles of less 
than 30 per cent will activate the LO 
LED and PULSE LED, while duty 
cycles of 70 per cent or more will acti¬ 
vate the HI LED, in addition to the 
PULSE LED. The LP-3's high input im¬ 
pedance (500k), which is constant in 
all logic states, prevents circuit load¬ 
ing problems in both TTL/DTL and 
CMOS ranges. 

The LP-3 also features a plug-in 
connector system for additional ver¬ 
satility. The plastic housing is equip¬ 
ped with phone jack connector, 
which accepts the unit's standard 36 
inch (91cm) clip-leads. The front of 
the LP-3 accommodates plug-in, in¬ 
terchangeable tips, including a 
straight needle probe, alligator clip, 
quick-attaching insulated clip, as well 
as a ground lead. At $69.95, it also 
represents a major cost breakthrough 
in high-speed digital testing. The ver¬ 
satile LP-3 is a compact, 5.8 x 1.0 x 
0.7 inch (147x25x18mm), portable, 
easy-to-use instrument for all types of 
design, testing, and troubleshooting 
applications. 

For more information, contact 
Continental Specialties Corporation, 
44 Kendall Street, Box 1942, New 
Haven, Connecticut 06509. 


quartz technology 
manual 



A new Quartz Technology Manual 
has just been released by Sentry 
Manufacturing Company, a leader in 
quartz-crystal frequency control for 
quality communications and time- 
base standards. The 150-page man- 
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ual takes the mystery out of under¬ 
standing and using quartz crystals. It 
also includes the most complete 
military-specification summary ever 
published, to simplify military-equip¬ 
ment design. 

This handy Sentry reference helps 
you specify what you need for your 
commercial two-way, Marine, air¬ 
craft, public service, ham-radio, and 
monitor equipment. For those CB en¬ 
thusiasts who want a 40-channel 
set, the manual includes a compre¬ 
hensive compilation of frequency 
charts for 23-channel rigs so you can 
tell what crystals you need to convert 
it to 40-channel use. Also, the manual 
includes a section on how to under¬ 
stand and use quartz digital clocks. 

The first printing is only 20,000 
copies. Send a check or money order 
today for $2.95 (includes postage and 
handling) to be sure of receiving a 
first-edition copy. Write to Sentry 
Manufacturing Company, Jim Ben¬ 
nett, Sales Manager, Crystal Park, 
Chickasha, Oklahoma 73018. 


morse to video 
converter 


R-X Noise Bridge 




• Learn the truth about your antenna. 

• Find its resonant frequency. 

• Adjust it to your operating frequency quickly 
and easily. 

If there Is one place In your station where you cannot risk uncertain results 
It is in your antenna. 

The Palomar Engineers R-X Noise Bridge tells you if your antenna is 
resonant or not and, if it is not, whether It is too long or too short. All this 
in one measurement reading. And it works just as well with 
ham-band-only receivers as with general coverage equipment because it 
gives perfect null readings even when the antenna is not resonant. It gives 
resistance and reactance readings on dipoles, inverted Vees, quads, 
beams multiband trap dipoles and verticals. No station is complete 
without this up-to-date instrument. 

Why work in the dark? Your SWR meter or your resistance noise bridge 
tells you only half the story. Get the instrument that really works, the 
Palomar Engineers R-X Noise Bridge. Use it to check your antennas froml 
to 100 MHz. And use it in your shack to adjust resonant frequencies of 
both series and parallel tuned circuits. Works better than a dip meter and 
costs a lot less. Send for our free brochure. 

The price is $49.95 and we deliver postpaid anywhere in the U.S. and 
Canada. California residents add sales tax. 

Italy write I2VTT, P.O. Box 37. 22063 Cantu. Elsewhere send $52.00 
(U.S.) for air parcel post delivery worldwide. 

Fully guaranteed by the originator of the R-X Noise Bridge. ORDER 
YOURS NOW! 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 
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™ Mini 
Counter 


NOW . . . 

• CoititiiiMe'v PORTABLE 
vvtti N. Gael 

• OySUH Ovtfn A'.'.lif 



General Purpose Low Cosl Counter Without the Sacrifice of Basic Performance 

"Check the features we have that some other low cost counters don't have." 


• AN Metal C-ab I not • Sensitivity < 10 MV •Complotolv Auto Docimo! Point 

• 8 Digit .4" LE D Display • 115V or 12V Operation • Selectiblo Gate Timoi {1 soc & .1 soc) 

• Input Cable Included •Push Button Controls I •Statu of the Art LSI Circuitry 

• 12V Input Jock • Gate Light - •Crystal Time Bose (1 ppm after cal.l 

7208K GOO MH 2 Kit . S149.95 7208A Assembled $199 95 

OPTIONS 

01) Portable w/Ni Cad Battery (Built in Chargor) .$39.95 rsan 

02) Crystal Oven 11 ppm 0 to C0°C) S37 95 03) Handla . . . $5.00 JgJ 

Jllal DAVIS ELECTRONICS 636 Sheridan Or.. Tonawanda, NY 141S0 716/874*6848 


THIS YEAR ... 

GET ON TOP WITH ALPHA 



A GREATOPERATLNG YEAR & STARTING RIGHTNOW. 
SUNSPOTS ARE UP - CONDITIONS SHOULD BE THE BEST IN YEARS . 
THOUSANDS OF ENTHUSIASTIC NEW AMATEURS ARE ON THE BANDS. 
HAMMING WILL BE TERRIFIC - 
BUTCOMPETITION WILL BE ROUGH/ 


WHEN QRM RAGES AND THE PILE-UPS DEEPEN, 

WOULDN'T YOU LIKE TO HAVE... 

■ ALL THE ROCK-CRUSHING POWER YOUR LICENSE ALLOWS - on all modes - with no need 
to 'baby' your linear, no duty cycle or time limit at all? 

■ INSTANT 8ANDCHANGE 'NO-TUNE-UP' all the way from 10 through 80 meters, with the 
exclusive ALPHA 374? 

■ COVERAGE ALL THE WAY DOWN TO 160 METERS with the smooth-tuning, extra-rugged 
ALPHA 76 powerhouse? 

■ CRISP, PENETRATING “TALK POWER" — as much as 10 dB extra to 'punch through' when 
the going gets really tough, with the ALPHA/VOMAX split band speech processor? It's as 
effective as the best rf processor, lower in distortion, and very easy to use with any rig! 

■ ThfE PROTECTION OF A FACTORY WARRANTY THAT RUNS A FULL 18 MONTHS - six 
times as long as competitive units? IETO tries to build every ALPHA to last forever. . . and 
we're making progress: not one single case of ALPHA 76, 77D, or 374 power transformer 
failure has ever been reported!) 

■ THE PURE PLEASURE OF OWNING ALPHA? 


ALPHA: 


SURE YOU CAN BUY A CHEAPER LINEAR 
BUT IS THAT REALLY WHAT YOU WANT? 


START ENJOYING THE ALPHA EDGE NOW. Call or visit your nearest ALPHA/ETO dealer, or 
ETO direct, right away, and you can have prompt delivery of your new ALPHA linear amplifier 
and ALPHA/VOMAX processor. While you're at h, ask for illustrated literature describing all 
ALPHA products in detail, as well as a copy of 'Everything You Always Wanted to Know About 
(Comparing) Linears. . . But Didn't Know Whom to Ask. " 


t* 


EHRHORN TECHNOLOGICAL OPERATIONS. INC. 
BOX 708, CANON CITY, CO 81212 (303) 275-1613 


of displays. When the screen is full, 
automatic scrolling shifts all lines up 
one line causing the top line to be 
stored on the second page, allowing 
new characters to be written on the 
bottom line. The recall feature allows 
you to look at the second page while 
still copying incoming code on the 
first page. The unit will copy letters, 
numbers, punctuations, and five spe¬ 
cial characters for a total of 51 de¬ 
coded Morse characters. 

Automatic and manual speed 
tracking are provided to accommo¬ 
date wide variations in the Morse 
code signal. A 4-pole active filter pro¬ 
vides a 200-Hz bandwidth for excel¬ 
lent QRM rejection. A practice input 
is also provided, for a straight key or 
keyer output, to allow the user to 
practice sending while displaying 
what is sent on the display. This fea¬ 
ture is very helpful in learning the 
Morse code and increasing your 
sending and receiving speed. 

The unit is housed in an attractive 
3 x 10 x 10 inch (7.6x25x25cm) case 
with a gray wrinkle finish cover and a 
brushed aluminum front panel. The 
MVD-1000 Morse Video Display is 
priced at only $350.00 postpaid, from 
DGM Electronics, 787 Briar Lane, 
Beloit, Wisconsin 53511. 

electronic equipment 
and kits catalog 

A new 36-page factory mail-order 
catalog of electronic equipment and 
kits is now available from Caringella 
Electronics, Incorporated. Many 
hard-to-find products, all manufac¬ 
tured by Caringella Electronics, are 
listed in the catalog. Among the 
many unique items found in the cata¬ 
log are a WWV standard-time receiv¬ 
er, panel-mount digital clocks with 
and without BCD outputs and day- 
of-year calendar, giant digital wall 
clock, audio compressors, and elec¬ 
tronic security alarms. 

More than just an ordinary catalog, 
the format has been designed to take 
the guesswork out of buying! Each 

















product is completely described with 
all technical specifications, a photo¬ 
graph, application information, sche¬ 
matic diagram, and a complete de¬ 
scription of how each unit works. 

The new free 36-page factory 
mail-order catalog may be obtained 
from the factory by writing to Car- 
ingella Electronics, Incorporated, 
Post Office Box 727, Upland, Cali¬ 
fornia 91786. 


Kenwood TS-520S 
Transceiver 



Trio-Kenwood has recently intro¬ 
duced the new TS-520S hf trans¬ 
ceiver. It retains the field-proven 
characteristics of the popular TS- 
520, and incorporates many of the 
ideas, comments, and suggestions 
for improvement from amateurs 
worldwide. 

The first major difference to be 
seen in the TS-520S is its full-band 
coverage, including 160 meters. Of 
course, transverters for 6 and 2 
meters can also be used with the 
TS-520S. Provisions for attaching a 
digital display (model DG-5) have 
been included on the back panel. The 
DG-5 contains 6 digits which dis¬ 
play your operating frequency while 
you transmit and receive. 

Other new features of the TS- 
520S include an rf attenuator; new, 
improved speech processor; vernier 
tuning for final plate control; and a 
new monoscale analog dial. The TS- 
520S is completely self-contained 
with a built-in ac power supply. The 
addition of the DS-1A dc to dc con¬ 
verter (optional) permits mobile op¬ 
eration of the TS-520S. The trans¬ 
ceiver also has two convenient RCA- 
type phono jacks on the rear panel, 


TONE ENCODER PAD modelttp-03 
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$ 54.95 

| POSTPAID 

IN U.S.A. 

' TEXAS RESIDENTS 
ADD 5% SALES TAX 
CHECK OR M.O. 

SEE UP-COMING AO FOR NEW 
AUTOMATIC UNIT: ATD-70 
2 NUMBERS, FIELD PROGRAM¬ 
MABLE. $79.95 

SATISFACTION 

GUARANTEED 


• DIGITRAN® Keyboard 

• Output Level Set Pot 

• Crystal Controlled-Digitally 
Synthesized Tones 

• Strapping for Hi-Low Z Output 

• Internal 5 V. Regulator 
Supply Voltage Range 7 to 24 V. 

• RFI Suppression 

• Velcro and Case Included 

• Size 2.80 - 2.00 - 0.60 Inches 


More Details? CHECK-OFF Page 126 


february 1978 WM 83 
















Operators using tDrafy and Qtenu'ood! 

Superior 8-Pole CW Selectivity for • 

R-4, TR-4C, TR-4 Cw AlWPWJlW* 


Finally I Superior 8-Pole CW Selectivity for 
Drake TR-4, TR-4C, TR-4 Cw ^ 
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At Lastl Superior 8-Pole CW Selectivity for W*Ct(0U: 
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rrS **““ M " 1 ” 5 ,B “ *“ * *“ ^ specially- treated high- Q crystals. 

600 Hz 6-Pole First-1 F Filter for Drake R-4C Sh€rwood €ngtn€ering Inc. 


350 H# 4j 135 Mi) «| - u*,. 850 
lurawu yti-boc e-icw »m*. * 
»i U).ai CK 350/11 *100 to) 
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125 Hz 8*Pole Second-iF Filter for Drake R-4C 


Kiodti ptiMlI 4C cr -lM/N *1i6 00 


Dept. A 

1268 South Ogdon St. 

Denver, Colo. 80210 
(303) 722-2257 

Money back II not satisfied 
Dealer Inquiries Welcome ws* 


QUALITY KENWOOD TRANSCEIVERS 
... from KLAUS RADIO 


The TS-820S is the rig that is 
the talk of the Ham Bands. Too 
many built-in features to list here. 
What a rig and only $1048.00 ppd. 
in U.S.A. Many accessories are 
also available to increase your 
operating pleasure and station 
versatility. 



TS-700S 

2M TRANSCEIVER 


160-10M TRANSCEIVER 

Super 2-meter operating capability 
is yours with this ultimate design. 
Operates all modes: SSB (upper 
& lower). FM. AM and CW. 4 MHz 
coverage (144 to 148 MHz). The 
combination of this unit's many 
exciting features with the quality 
& reliability that is Inherent in 
Kenwood equipment is yours for 
only $679.00 ppd. in U.S.A. 


Guess which transceiver has made 
the Kenwood name near and dear 
to Amateur operators, probably 
more than any other piece of 
equipment? That's right, the TS- 
520$. Reliability is the name of 
this rig in capital letters. 80 thru 
10 meters with many, many built- 
in features for only $649.00 ppd, 
in U.S.A. 



TR-7400A 

2M MOBILE TRANSCEIVER 


TS-520S 
80-10M TRANSCEIVER 

This brand new mobile transceiver 
(TR-7400A) with the astonishing 
price tag Is causing quite a com¬ 
motion. Two meters with 25W or 
10W output (selectable), digital 
read-out, 144 through 148 MHz 
and 800 channels are some of the 
features that make this such a 
great buy at $399.00 ppd. in U.S.A. 


Send SASE NOW for detailed info on these systems as well as on many other fine 
lines. Or, better still, visit our store Monday thru Friday from 8:00 a.m. thru 5:00 p.m. 
The Amateurs at Klaus Radio are here to assist you in the selection of the optimum 
unit to fullflll your needs, 

KIAIH RADIO Inc 

8400 N. Pioneer Parkway, Peoria, IL 61614 
Jim Plack W9NWE — Phone 309-691-4840 
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labeled Phone Patch In and Phone 
Patch Out , for quick, easy, hookup 
of almost any phone patch. For CW 
buffs, the CW-520 500-Hz filter can 
be easily installed and will provide 
improved selectivity on CW. 

In addition to the DG-5 and CW- 
520, other accessories such as an ex¬ 
ternal vfo (VFO-520S) and external 
speaker (SP-520) are also available to 
make a complete station which any 
amateur would be proud to own. 
These and other Kenwood Products 
are available from authorized Trio- 
Kenwood dealers throughout the 
United States. For a list of authorized 
dealers and more information on the 
TS-520S, write Trio-Kenwood Com¬ 
munications, Inc., 1111 West Walnut 
Street, Compton, California 90220. 

The Low and Medium 
Frequency Radio 
Scrapbook 

The frequencies below the 160- 
meter amateur band were the cradle 
of amateur radio until hams were 
exiled to the "useless” short waves. 
A number of experimenters are prob¬ 
ing the world between 10 kHz and 
1600 kHz. Here, through a little- 
known provision of FCC regulations, 
experimenters are permitted to 
operate unlicensed transmitters. 
Operation is presently limited to a 
power of only one watt and antennas 
smaller than ten feet (3 meters) but 
that is adequate for radio com¬ 
munications out to several hundred 
miles when conditions are good. 

The transmitting restrictions only 
increase the challenge and fascina¬ 
tion of these all-but-ignored frequen¬ 
cies. Low-frequency experimenters 
have rediscovered the thrill of the 
earliest days of our hobby when 
transoceanic DX was a pipe dream, 
and real-life DX records were well 
under 100 miles. 

Ken Cornell, W2IMB, has put a 
time machine between two covers. 
His book describes loose couplers, 
honeycomb coils, absorption wave- 
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meters, and classic loop designs — all 
of which were mainstays of the wire¬ 
less pioneers and still serve effectively 
today. On the other hand, Cornell in¬ 
cludes 1C and modern filter tech¬ 
nologies in the endless quest for 
transmitter efficiency and the con¬ 
quest of the plague of all low- 
frequencies — man-made noise. 

The book includes dozens of sim¬ 
ple circuits and diagrams for elec¬ 
tronic and mechanical station com¬ 
ponents — most using readily avail¬ 
able parts. Indeed, some experimen¬ 
ters might label W2IMB's vacuum 
tube circuits as technological 
dinosaurs, but they are time-tested, 
flexible, forgiving, amateur favorites. 
An objective look also reveals that ef¬ 
ficient low-frequency vacuum tubes 
are plentiful and inexpensive. In an 
age of black boxes and 1C chips, who 
can deny the nitty-gritty, hands-on 
learning opportunities of basic, dis¬ 
crete-component construction? Cor¬ 
nell does include many solid-state cir¬ 
cuits, but the emphasis is clearly on 
proven tube techniques. 

This is an informal experimenter's 
scrapbook with a unique format. It is 
pre-punched so you can conveniently 
keep it in a standard three-ring binder 
along with your own collection of 
notes, catalogs, and article clippings. 
The book has no fancy printing or 
polished professional prose; but it is a 
straightforward collection of one 
man's views, tips, experiences, and 
suggestions gleaned from years of 
actual on-the-air experimentation. 

Of particular interest are the 
author's chapters on converting low- 
cost military surplus equipment; con¬ 
struction of receiver converters for 
the most popular 160- to 190-kHz 
band, excerpts from the relevant FCC 
regulations, and perhaps most useful 
of all, comprehensive details on the 
design and winding of low-frequency 
coils. 

Soft cover, 110 pages, $6.95 
postpaid from Ham Radio's Com¬ 
munications Bookstore, Greenville, 
New Hampshire 03048. Order catalog 
number HR-LF. 



INTRODUCES THE 
VERSATILE 
NEW i 



HR-312 


jp More Channels...at the flip of a switch 

Unlock the unique mode switch and 12 channels 
become 144 


p More Sensitivity, Less Interference. 

.25 W Sensitivity plus 75 db adjacent channel 
selectivity and 70 db image rejection 



More Power Out 

35 watts nominal with a minimum of 30 watts 
across the band 


... for a lot less 



Of 

■enCXi ELECTRONICS, INC. 


$ 269 °° 

Amateur Net 

7707 Records Street 
Indianapolis, Indiana 46226 




THE FM LEADER 

2 METER Sl aw 220 MHz SMB 
6 METER 440 MHz ictB 
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a second look 

:=gH by Jim Fisk 


How time flies ... it doesn't seem possible that it has been ten years since I put the final touches on the 
first issue of ham radio and sent it off to the printer. If you recall that very first issue, you'll remember that 
the cover featured a five-band ssb exciter designed by KHJKX. It was an all vacuum tube layout, but ten 
years ago few hams were thinking in terms of solid-state station equipment, and the K1UKX exciter was as 
up to date as anything then in print. 

To commemorate our tenth anniversary we're featuring a fully-synthesized high-frequency transceiver 
that reflects the current state of the art. A comparison of these two rigs graphically demonstrates the 
tremendous technological advances that have been made in the past few years. In 1968 there were a few 
rf small-signal transistors on the market, but practically none for rf power, and low-cost MOSFETs and in¬ 
tegrated circuits were still a few years away. Less than half the active amateurs were still using a-m, but it 
was far from being a thing of the past, and the boom in portable vhf-fm equipment and repeaters was still 
far in the future. How things have changed! 

You can still hear a few a-m stations on 75 and 160 (and a few on the vhf bands), but nearly everybody 
is now on sideband. In 1968 transceivers were starting to become popular but separate receivers and trans¬ 
mitters were still in widespread use. There were a few pioneers operating converted commercial fm gear 
on two meters but there were, perhaps, only a dozen repeaters in the entire country! Today there are hun¬ 
dreds of two-meter repeaters and the vhf wastelands of the late 1960s are crowded with signa/s. 

Amateur radio in 1968 was attracting so few new members it was barely holding its own — in recent 
months it has shown more growth than ever in its history. Some oldtimers complain about the interference 
that comes with a larger amateur population, but only through larger numbers can we hope to attract the 
attention of manufacturers who will build equipment that incorporates the latest technological advances. 
Economics being what they are, you can't have one without the other — manufacturers aren't going to 
spend money developing state-of art equipment for a dwindling number of consumers. 

As amateur radio has changed during the past decade, so has ham radio. Although we weren't always 
the first to present the latest advancement in amateur radio state of the art, more often than not you read 
about it first in the pages of ham radio. As you read through this special 10th anniversary issue, you'll no¬ 
tice that we have reprinted a few articles from past issues which have long-term amateur interest. Those 
issues are long out of print, but since we receive so many requests for these particular articles, we thought 
it would be appropriate to reprint them for the benefit of readers who don't have a complete library of back 
issues. 

Amateur radio, by its nature, is a very diversified hobby. Each ham follows his own special interests 
whether it's home construction, vhf-fm, RTTY, moonbounce, slow-scan television, or any of a multitude 
of others. If you don't see a technical or construction article that covers your particular plane of interest, 
it's because no one has taken the time to write it. If you have some ideas for station accessories or other 
amateur equipment that you think others would be interested in. I'd like to hear about it; even if you don't 
have the time to develop the project yourself, perhaps I can plant the idea with an author who will bring it 
to fruition. 

To paraphrase the closing paragraph of my editorial in the first edition of ham radio, we will not stand on 
our laurels, nor will we stand still. We will always be looking for ways to improve because amateur radio is 
a dynamic hobby, always on the move. As the equipment, techniques, and challenges of amateur radio 
change, so will we. We'll constantly try to make ham radio more useful to you as well as more interesting 
and stimulating. We will never become complacent — we will always try to make ham radio better. It has 
always been our goal to keep our readers informed of advances in electronic technology, and we will con¬ 
tinue to do so in the future, but we will also make a bigger effort to present more simple projects that you 
can duplicate in your home workshop. Viewed from here, that's a bigger challenge for the decade ahead 
than it was for the decade past. 

Jim Fisk, W1HR 

editor-in-chief 
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the <g@@D®s^ antenna 
in town 
gives you the 

performance! 


Since the first Larsen Antenna was introduced some 
15 years ago, this basic fact has not changed: 

Larsen Mobile Antennas are designed and built 
to outperform. 

With the introduction of the Larsen exclusive Kulrod 
whip, this superior performance Is a fact more 
than ever. 

We’re not going to confuse you with details on 
metallurgy, radiation resistance, plating systems and 
all that. Instead we suggest that you make this 
simple test: 

Take any antenna other than a Larsen ... one with a 
regular unplated 17*7 PH stainless steel (.100/.050) 
tapered whip. Apply a good husky signal to it... 100 
watts, for, say, a full minute. Then, power off. feel 
the antenna. Careful! Burn blisters aren’t pleasant. 

Next... try a Larsen Kulrod Antenna. Put it to the 
same test. 

Amazing isn’t it! 

That’s our story. Heat means power... power that isn’t 
radiated ... power you shouldn’t throw away. With the 
Larsen Kulrod, power goes into communicating 
instead of heating the antenna. That’s why you can 
HEAR the difference. 


Larsen Antennas are available to fit all styles of 
mounts and to cover Amateur frequencies from 6 
meters through 450 MHz. Write for complete catalog 
and list of dealers nearest you. 



rsen 


Antennas 



11611 N.E. 50th Ave. 
P.0 Box 1686 
Vancouver, WA 98663 
Phone: 206/573-2722 


In Canada write to: 
Canadian Larsen 
Electronics, Ltd. 

1340 Clark Drive 
Vancouver, B.C. V5L 3K9 
Phone: 604/254-4936 


* Kulrod is a Registered 
Trademark of Larsen 
Electronics, Inc. 



Ten years! Jt sounds like a long time, but here at 
ham radio magazine 1968 seems like just yesterday. 
Here we were starting up a fourth major amateur 
radio magazine in a field which many people felt 
could not even properly support the three that were 
already being published. 

Ham radio was started with the strong conviction 
that a magazine featuring innovation and excellence 
far in excess of anything previously offered to the 
Amateur would be able to make a vital contribution 
to Amateur Radio while also insuring itself reason¬ 
able success as a business venture. 

The contributions of the past ten years have now 
become very real. It was ham radio that really got 
amateurs thinking in terms of solid-state designs and 
began to put the vacuum tube into its proper per¬ 
spective. 

It was ham radio that first brought modern graph¬ 
ics to the ham publishing field and showed everyone 
just how good looking and easy to read an amateur 
magazine can really be. 

It took ham radio to prove that it doesn't take a 
heavy dose of political in fighting and sensationalism 
for an independent publisher to succeed in Amateur 
Radio. People everywhere welcomed the fresh posi¬ 
tive outlook they found within our pages; soon the 
doubters realized that ham radio was here to stay and 
flourish. 

For all of our accomplishments, by far the most im¬ 
portant part of the magazine story has been you, our 
reader, and the outstanding loyalty you have given 
us over the last ten years. Your overwhelming re¬ 
sponse in the form of subscription orders soon put us 
at the lead of the independents and attracted the vital 
advertising support that was needed to put the whole 
operation on a sound financial footing. It has been 
your continuing support, encouragement, sugges¬ 
tions, and even a rap on the knuckles when neces¬ 
sary, that has helped us to steer our way and come 
up with a better magazine and improved service 
for you. 

There are many many more great ideas floating 
around here in Greenville, and we are looking for¬ 
ward to putting many of them into action in the 
months ahead. With your help we can promise you 
that the next ten years at ham radio will be every bit 
as dramatic and exciting as the last ten have been, 
and in 1988 we should have an even greater story 
to tell. 

Skip Tenney, W1NLB 
publisher 
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AN AMATEUR'S RIGHT to a tower will reach the U.S. Supreme Court for the first time 
as a result of a long-standing battle by a West Coast Amateur with the City of Cerritos, 
California. An appeal challenging the Constitutionality of a municipal zoning ordi¬ 
nance regulating antenna height was filed with the Court in January. 

In An Earlier Action the California Appellate had found the city's antenna limit Con- 
stitutional, and that court's decision was appealed to the California Supreme Court which 
refused to hear the appeal. 

Since This New Appeal challenges the Constitutionality of an ordinance, the U.S. 

Sup reme Court must near the case. It may make the Court’s fall session, in which case it 
could be heard yet this year. Thanks Personal Communications Foundation. 

FORMER FCC COMMISSIONER Glen Robinson looks like President Carter’s choice to head 
the U.S. negotiating team at the World Administrative Radio Conference in Switzerland 
next year. Robinson is presently on the faculty at the University of Virginia but was 
well respected for his contributions and expertise during his term on the Commission. 

However, An Item in the current issue of Broadcasting raises the question of his qual¬ 
ifications for leading the U.S. effort at an international conference, an area in which 
he's had no experience. What effect, if any, his appointment will have on the Amateur 
Radio WARC position remains to be seen. 

That Next WARC Advisory Committee on Amateur Radio meeting is now scheduled for March 
29 in Washington, provided the next FCC Notice of Inquiry is out in time. 

" WHISKEY CLUB" LEADER Jesse Runyan, of El Dorado, Kansas, also known as "34W-1" has 
had his Technician Class Amateur License WB0RIN suspended for the remainder of its term 
for his illegal activities. He's also been ordered to show cause why both WB0RIN and 
his CB license should not be revoked. 

THE ENVIRONMENTAL PROTECTION Agency may be in Amateur Radio's future — the Senate 
Govennimental Affairs Committee recommended giving the EPA authority over radiation 
hazards, including RF. 

FCC LICENSE FEES will probably eventually be reinstated, while at the same time many 
licensees will be in line for a refund on previously paid fees. The reason for this 
seeming paradox is that the Commission is supposed to develop and institute an appro¬ 
priate fee schedule, but will then have to refund the difference between what previous 
applicants actually paid and what "appropriate" fees should have been when fees were in 
effect during the 1970-1976 period. 

FCC Docket Numbers will be much more descriptive from now on with a new numbering 
systemthat became effective January 1. The new numbers start with two letters indicat¬ 
ing FCC bureaus ("SS" for Safety and Special Services, "BC" for Broadcast and so on), 

"78" to show it originated this year, plus the serial number of the Docket in that year. 
Thus this year's first Safety and Special Services Docket could be "SS Docket No. 78-4," 
showing that it’s the fourth Commission Docket of 1978. 

Restrictions On 220-MHz operation by Amateurs near the White Sands Missile Test Cen- 
ter have Been lifted by the FCC. The ban had prohibited Amateur use of 220 in parts of 
west Texas and New Mexico during weekday working hours to prevent possible interference 
with missile range communications. 

AMSAT NOW HAS a full time Administrative Assistant who'll relieve President Perry 
Klein at the telephone, handle membership applications, and maintain the mailing list. 
She'll also be taking over bookkeeping and other task areas that were previously han¬ 
dled by AMSAT volunteers. 

OSCAR 7 Will Be Operating Only on Mode B until further notice due to a battery over- 
temperature problem. Over charging is the problem, and since Mode B draws more current, 
the satellite will be kept In that mode until it leaves the period of maximum sunlight. 
Expectations are that the condition will last for about a month, and though it may switch 
itself back into Mode A for brief periods the command stations will return it to Mode B 
as quickly as possible. 

Enough Solar Cell and battery cell donations have been received to take care of the 
first Phase III satellite. 

4U1ITU In Geneva , Switzerland, will soon be on the satellite with a permanent station, 
according to Reg ion 1 IARU News . 

W9BRD IS RETIRING as QST DX Column editor with the March issue. Rod, who's done an 
outstanding job in his 3Q"years with "How's DX," is turning the reins over to WlW. 
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general-coverage 

high-frequency transceiver 


with digital readout 

Design of a 
ssb/CW transceiver with 
exceptional performance 
which features 
synthesized 
frequency control 
from 1.5 to 30 MHz 


The high-performance ssb/CW transceiver de¬ 
scribed in this article is unusual in that it provides 
coverage of the entire high-frequency spectrum from 
1.5 to 30 MHz. Although the present amateur bands 
represent only about 12 per cent of this spectrum 
space, amateur activities such as MARS require addi¬ 
tional frequency coverage. In addition, it's uncertain 
whether the amateur bands in the 1980s will be the 
same as they are now, or whether they will be ex¬ 
panded or reduced. Regardless of the outcome of 
the World Administrative Radio Conference of 1979, 
this transceiver will provide exceptional performance 
on any of the high-frequency amateur bands — both 
now and in the future. 

In addition to its unusually wide frequency cover¬ 
age, this transceiver includes features which are not 
available in commercial amateur equipment such as 
the built-in antenna tuner and ac power supply, nicad 
battery pack, and charger. The transceiver is com¬ 
pletely portable and is equivalent to the latest military 

By Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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table 1. Operating specifications for the general-coverage high-frequencv transceiver. 


Frequency range 1.5 to30 MHz 

Frequency accuracy 100 Hz 

Operating modes CW and ssb 

receiver 

Sensitivity 0.3 jtV for 10 dB S + N/N 

Image suppression greater than 80 dB 

l-f feedthrough greater than 80 dB 

Intermodulation distortion 2nd order: better than 65 dB (in¬ 
dependent of level! 

3rd order: better than 60 dB (2 
times 0 dBm input level! 

l-f bandwidths 500 Hz and 2.3 kHz 

l-f shape factor 1:2 (CW!; 1:17 (ssb! 

First i-f 41MHz 

Second i-f 9 MHz 

AGC operation Response: 2 milliseconds 

Attack time: 075 second 
Hold time: 100 ms decay 

Threshold: 0.2 pV 

AGC characteristics Less than 6 dB audio change for rf 

inputs 0.2 jtV to 1 volt 


transmitter 

Output power 20 watts 

3rd order IMD - 33 dB with respect to PEP output 

Harmonic radiation - 65 dB 

Non-harmonic spurious - 70 dB 

Other features RF speech processing and ALC 

Built-in antenna tuner matches 12 
to 200 ohms at all phase angles 
Split frequency operation, any 
separation 

Built-in power supply and nicad 
battery pack 

digital synthesizer 

Increments 1 kHz (100 Hz resolution with 

VCXO! 

Switching speed 6 milliseconds 

Synthesizer control thumbwheel switch or optical shaft 

encoder 

Memory for independent transmit/receive 

frequencies 


manpack designs such as the Hughes Aircraft 
PRC104, Tadiran PRC174, or AEG-Telefunken 
S6861. A complete list of specifications is shown in 
table 1; a block diagram of the transceiver is shown 
in fig. 1. 

general description 

In the receive mode the signal from the antenna is 
fed into the receiver through the antenna tuner, di¬ 


rectional coupler, and filters to the PIN diode attenu¬ 
ator. There are a total of seven lowpass filters and 
three highpass filters — the correct filter is selected 
by digital logic which is controlled by the frequency 
synthesizer. From the PIN diode attenuator the input 
signal passes through a 32-MHz lowpass filter to a 
high-level SRA3H double-balanced mixer ( + 17 dBm 
local oscillator drive). The 41~MHz output signal from 
the mixer is amplified 10 dB in a push-pull amplifier 



fig. 1. Block diagram of the high-frequency transceiver. The unit features a frequency synthesizer with memory, and built-in 
power supply and antenna tuner. Complete specifications are listed in table 1. 
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fig. 3. Photograph of the ALC board showing the directional 
coupler (lower right) and the potentiometer adjustments. 


which uses two CP643 power fets. The push-pull am¬ 
plifier provides an ideal wideband termination for the 
double-balanced mixer and compensates for losses 
through the following 41-MHz crystal filter; the crys¬ 
tal filter has a 3.5 kHz bandwidth with a shape factor 
of 1:2 16 to 60 dB). The very low noise cascode am¬ 
plifier following the crystal filter provides low noise 
and proper filter termination. 

The amplified 41 -MHz signal is down converted to 
9 MHz with an SRA1 double-balanced mixer. An at¬ 


tenuator between the cascode amplifier and mixer is 
adjusted for as little gain as necessary to maintain 
good overload performance. The output of the dou¬ 
ble-balanced mixer drives one of three crystal filters 
through a diplexer. The 9-MHz i-f amplifier has 60 dB 
gain and drives an active double-balanced mixer for 
CW/ssb operation. 

The age is provided by an audio age generator. 
The audio power stage produces 2 watts of output 
power. For CW operation an active audio filter is 
available for greater selectivity and improved signal- 
to-noise ratio. 

Transmitting mode. In the transmitting mode a dy¬ 
namic microphone with 200 ohms impedance is re¬ 
quired to drive the dynamic speech compressor. The 
compressor provides constant output level into the 
double-balanced mixer which produces the double¬ 
sideband signal. This signal is amplified by a 2N918 
stage before being converted into ssb by one of two 
crystal filters. A dc offset is used to produce the CW 
carrier signal. 

At the output of the 9-MHz crystal filter the ssb 
signal is up converted to 41 MHz in the SRA1 double- 
balanced mixer and amplified in a two-stage amplifi¬ 
er. The 41-MHz signal is fed through a crystal filter, 
and by proper selection of the ALC attack/decay 
time rf speech processing is accomplished; the har- 



fig. 2. Schematic diagram of the ALC board which includes the directional coupler. In the tune position the rf power amplifier 
provides a constant two watts output for antenna tuning. 
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monies and spurious sidebands generated by the 
processing are kept under control by the 41-MHz 
crystal filter. 

Following the 32-MHz lowpass filter the transmit 
signal is amplified to 20 milliwatts to drive the push- 
pull 20-watt rf power amplifier. The synthesizer auto¬ 
matically selects the proper lowpass filter (one out of 
seven) and the rf power is fed through the directional 
coupler and antenna tuning unit to the antenna. 

CW operation. In CW operation the 1-kHz signal 
which is required as a reference for the synthesizer 
(derived from the 9-MHz temperature-compensated 
crystal oscillator ITCXOI) is converted into a 1 kHz 
sine wave and fed into the audio amplifier as a side- 
tone. A dc voltage is used to offset the double- 
balanced mixer to generate the 9-MHz carrier (de¬ 
rived from the 9-MHz TCXO) which is passed 
through the 9-MHz crystal CW filter. The rest of the 
CW signal processing is identical to that used for 
single sideband. 

circuit description 

The quasi-continuous antenna tuning unit has 


fig. 5. Rf input board showing the double-balanced mixer to 
the right and the lowpass filter for the synthesizer signal 
along the top edge of the board. 

been previously describedT2 and will provide a good 
match to a 6-meter (20 foot) whip at 1.25 MHz. The 
tapped inductors in the tuner are built with ferrite pot 
cores with an air gap; the tuning capacitors are sub¬ 




fig. 4. Schematic of the rf board with the input highpass-lowpass filter, FIN diode attenuator, and high-level transmit-receive 
mixer. The SL611 and 2N5109 at top center amplify the transmit signal. 
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miniature mica units which are switch selected from 
the front panel (knobs labelled L and C in the photo¬ 
graph of the transceiver). At the input of the antenna 
tuner is a 4:1 transformer which uses two 50-ohm 
coaxial cables wound on a 2.5cm (1 inch) ferrite 
toroid (TC9 material from Indiana General). 

A schematic of the ALC board is shown in fig. 2. 
This board also includes the directional coupler and 
speech processor level adjustments. A photograph 
of the completed board is shown in fig. 3. Several 
new principles are used in this circuit; the voltages 
generated by forward and reflected power are com¬ 
bined and used for two purposes: 

1. Forward power peaks generate the ALC action. 
The first 741 1C in the circuit acts as a threshold am¬ 
plifier while the second 741 is connected as a Miiler 
integrator with fast attack and slow decay time. This 
is an ideal circuit for rf speech processing (clipping 
with a duration of a few milliseconds). 

2. This circuit also detects reflected power and pro¬ 
tects the power amplifier stage at full output while 
generating a constant output power of 2 watts in the 


resistor, 100-ohm adjustable resistor, and the 0.22 
inductor are for frequency compensation. 

As was mentioned in the general description of the 
transceiver, the bank of seven lowpass filters is ad¬ 
dressed by the frequency synthesizer; the proper fil¬ 
ter is selected by miniature relays packaged in T05 
cans made by Teledyne (winding information for the 
lowpass filters is available upon request from ham 
radio). 

A set of optional highpass input filters is recom¬ 
mended to improve the second-order intermodula¬ 
tion distortion products (e.g., 8 MHz+ 6 MHz =14 
MHz, 8 MHz-6 MHz = 2 MHz). One highpass filter 
has a cutoff frequency of 7 MHz while the other has a 
cutoff at 10 MHz. When listening to the amateur 20- 
meter band at night, the combination of 8 MHz+ 6 
MHz is totally suppressed by the second highpass fil¬ 
ter; when listening to the 7-MHz band the combina¬ 
tion of 3.5 MHz+ 3.5 MHz is suppressed by the first 
highpass filter. 

At frequencies below 7 MHz no additional high- 
pass filter is required because the receiver input is 
provided with a 1.5 MHz highpass filter which is in 
the circuit at all times and eliminates problems with 


tune position for optimum adjustment of the antenna 



TELEDYNE 
7320-12 
BOTTOM VIEW 


fig. 6. 41-MHz i f and crystal-filter board. The overall gain of this stage is approximately 2 dB in the receive mode. The 9-MHz 
crystal filters are selected by miniature Teledyne relays which are housed in T05 cans. 
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fig. 8. Schematic of the 3*MHz i f and age board. At the top are the two SL612 i f amplifier stages, followed by the SL640 product 
detector, 741 audio preamp, and LM38G audio power amplifier, The circuit on the bottom generates the age; see text for age op 
eration. 


strong broadcast stations (this filler can be retuned 
to 1.6 MHz if local conditions require it). 

receiver input 

A schematic of the receiver input section is shown 



fig. 7- 41-MHz i-f and crystal-filter board. The 41-MHz crys¬ 
tal filter, and the two 9-MHz sideband filters, were specially 
made for the author by Toyocom in Japan. The 9 MHz CW 
filter is the latest design from KVG in West Germany, 


in fig. 4; a photograph of the input section circuit 
board is shown in fig. 5, I have previously described 
many of the performance filters in this circuit (see 
references 3 and 4). Following 1.5/1.6-MHz highpass 
filter the received signal passes through a three PIN 
diode attenuator which has almost constant input 
and output impedance. The age voltage derived from 
the audio age generator feeds the dc amplifier for the 
PIN diode attenuator. The 100k resistor permits ad 
justment of the age level which should be set fora 3 
to 5 /xV input signal. The available age range 
is 60 dB. 

The 32 MHz lowpass filter and the high level 
double-balanced mixer following the attenuator are 
used in both the receive and transmit modes. In the 
transmit mode the 41 MHz input signal from the 
crystal filter is converted to the desired operating fre¬ 
quency in the high-level double-balanced mixer. The 
series combination of the 47 ohm resistor and the 
6.8-pF capacitor provides adequate termination for 
the mixer in the transmit mode to keep the third 
order IMD products below the distortion level of the 
output rf amplifier; the 32 MHz lowpass filter elimi¬ 
nates all unwanted harmonics. 
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fig. 10. Photograph of the 50-MHz VCXO. 


In the receive mode the push-pull fet amplifier pro¬ 
vides the necessary wideband termination for the 
mixer and amplifies the received signal by about 
10 dB. In the transmit mode this circuit is bypassed 
by switching diodes. 


The 2N5109 stage amplifies the output from the 
frequency synthesizer and delivers 4 17 dBm of 
local-oscillator drive through a lowpass filter of ellipti¬ 
cal design. The2N5109 requires an input rf drive level 
of 300 mV. 

Also on this board is an SL611 preamplifier 1C and 
2N5109 driver which boosts the 9-MHz transmit sig¬ 
nal from the low-level mixer up to 1 volt. The SL611 
also accepts the ALC voltage. 

41-MHz i-f 

Fig. 6 is the schematic of the first i-f board; a pho¬ 
tograph of the board is shown in fig. 7. In the receive 
mode the signal from the 41-MHz crystal filter passes 
through a 1:4 step-up transformer which provides 
the necessary termination for the filter. The fet cas- 
code circuit is a very low noise, unconditionally 
stable amplifier which feeds the SRA1 double- 
balanced mixer. The 4- 7 dBm oscillator injection re¬ 
quired by the mixer is provided by the TCXO. 



fig. 9. Schematic of the voltage-controlled crystal oscillator or VCXO. This circuit provides outputs in 100 Hz incre¬ 
ments from 50.000 to 50.009 MHz. is stable and trouble free. 
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fig. 11. Schematic of the 41 to 71 MHz frequency synthesizer used in the general coverage ssb/CW transceiver. Three VCOs are 
required: 41-50 MHz, 50 60 MHz, and 70-71 MHz. Input is either from thumbwheel switches or an optical shaft encoder. 
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fig. 12. Photograph of the 41 to 71 MHz frequency synthe* 
sizer. 


In the transmit mode the 9-MHz signal is filtered 
through one of three crystal filters, converted to 41 
MHz by the SRA1 double-balanced mixer, amplified 
by the SL611 and 2N918, and passed on to the 41- 
MHz crystal filter. The 9-MHz crystal filters are 
selected by an arrangement of two miniature relays. 


The 41-MHz crystal filter, and the two 9-MH2 ssb 
filters, were made especially for me by Toyocom in 
Japan; the 9-MHz CW filter is the latest design from 
KVG in West Germany. 

9-MHz i-f 

The circuit of the main i-f/agc board is shown in 
fig. 8; a photograph of the unit is shown in fig. 9. In 
the receive mode the 9-MHz i-f input signal from the 
crystal filters is amplified by two Plessey SL612 i-f 
amplifier ICs and detected in the SL640 active pro¬ 
duct detector. The bfo signal is derived from the fre¬ 
quency synthesizer. At the output of the product de¬ 
tector the audio signal is amplified by the 741 opera¬ 
tional amplifier and LM380 audio power amplifier. 
The audio signal from the product detector is also fed 
through the age section (lower part of the schema¬ 
tic), amplified, and split into two channels. The 
2N2907 at the output of the upper 741 amplifier is an 
audio detector; the following 2N2222 is a dc amplifier 
which charges the 1 capacitor. 

The audio at the output of the lower 741 amplifier 


regulator 
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is also detected and provides a negative voltage 
through the 2N4416 fet. The combination of the 0.1 
/xF capacitor and the 6.8 megohm resistor determines 
the age hold time, while the 100k resistor in the drain 
circuit of the 2N4416, and the 1 capacitor, set the 
decay time. The 3N169 source follower provides the 
age for the two SL612 i-f amplifiers and the PIN 
diode attenuator. (For more information on the oper¬ 
ation of the various stages, see reference 5.) 

In the transmit mode the audio from the micro¬ 
phone is fed into the SL622 which acts as a dynamic 
speech compressor and drives the SL640 double-bal¬ 
anced mixer 1C. The 2N918 amplifier provides the 
necessary rf signal level for the up-conversion follow¬ 
ing the 9-MHz crystal filters. 

crystal oscillator 

Fig. 10 shows the schematic of the voltage-con¬ 
trolled crystal oscillator (VCXO) used in the trans¬ 
ceiver; a photograph of the unit is shown in fig. 11 . 
While analyzing frequency synthesis circuits for the 
transceiver, it was determined that it was not feasible 
to build a single-loop 100-Hz synthesizer because of 


CMOS 



fig. 13. Schematic of the main dc control board. Included 
are the automatic lowpass filter selection circuits, right; 
transmit-receive control for CW operation, left; a 12 Vdc 
regulator; and 7-second display timer (see text). 



fig. 14. Photograph of the 9-MHz i-f and age board. The age 
circuitry is to the right, the i-f amplifier to the left. 


the lack of loop gain. To do this would have required 
the use of very expensive diodes and coarse steering 
or presetting of the VCO to build a stable and low 
noise loop. Since this could not be done economi¬ 
cally, the last digit (100 Hz) is achieved by pulling a 
50-MHz crystal by the relatively small amount of 900 
Hz, in 100-Hz increments from 50.0009 MHz down to 
50.0000 MHz. The overall frequency stability of the 
transceiver is determined by this circuit, so the tem¬ 
perature coefficient of the 22 pF and 39 pF capacitors 
in the 2N918 oscillator circuit must be very carefully 
chosen. Since each crystal may require a different 
temperature coefficient capacitor for compensation, 
this is best determined by experiment. 

To properly adjust the ten potentiometers in the 
VCXO requires the use of a good frequency counter. 
First enter 9 in BCD code at the input and set the 
0.7 /tH inductor and 100k potentiometer so the out¬ 
put is at 50.0009 MHz. Then enter 8 in BCD code and 
adjust the appropriate 100k pot for 50.0008 MHz. 
Continue in this fashion until all ten potentiometers 
have been set. If you run out of pulling range with 
the potentiometers, increase the size of the inductor 
and try again. Other than the adjustment procedure, 
which should give no problems if you use a counter, 
this oscillator is very simple and well behaved. 

frequency synthesizer 

The single-loop frequency synthesizer shown in 
fig. 12 covers the range from 41 to 71 MHz in 1 kHz 
increments; a photograph of the synthesizer board is 
shown in fig. 13. Three VCOs are used in this circuit, 
each covering 10 MHz. The output from the VCOs is 
fed into a high isolation amplifier and two indepen¬ 
dent drivers. One driver feeds the 2N5109 amplifier 
on the receiver board (fig. 4), while the other amplifi¬ 
er drives the SP8690B swallow counter which is used 
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with the 74LS20 and 74LS90 to form the 100/101 
synchronous counter. A more complete description 
of synthesizer operation, and the CD4046E phase 
detector, is contained in references 6 and 7. 

A schematic of the 9-MHz reference oscillator is 
not shown; the TCXO I used in the transceiver was 
manufactured by McCoy.* The output of the TCXO 
feeds a divider chain which delivers the 1 kHz 
reference; the output of the TCXO is also used as the 
bfo. For CW reception a 9.001 MHz bfo signal is re¬ 
quired; this is provided by a separate crystal oscillator 
circuit. 

rf power amplifier 

The 20-watt rf power amplifier used in the trans- 

’ McCoy part number MC 163x2 070W 9 MHz. manufactured by McCoy. 



T1 1:7 transformer. 1/7 turns of no. 26 AWG 10.4mm) enameled enameled wire, 2-1/2 twists per cm (6 twists per inch), on In 

on Indiana General F625 9-TC9 toroidal core. diana General F624 19 Q1 toroidal core. 

T2 2:1 transformer balun. 8 turns, 2 twisted pairs, no. 31 AWG T4 1:4 transformer balun. Windings A and B: 5 turns, 2 twisted 

(0.22mm) emameled wire; 5 turns, 2 twisted pairs, no. 31 pairs, no. 26 AWG (0.4mm) enameled wire; winding C: 8 

AWG (0.22mm) emameled wire; all windings 5 twists per cm lurns, 2 twisted pairs, no. 26 AWG (0.4mml enamaled wire; all 

(12 twists per inch) on Indiana General F624-19-01 toroidal windings 3-1/2 twists per cm (9 twists per inch); wound on In 

core. diana General F617-8 Q1 toroidal core. 

fig. 15. The 20-watt rf power amplifier in the high-frequency transceiver uses a BLY87A driver and push pull BLY89As, The 741 op 
amp and 2N2102 provide constant dc bias; the 1N4448 is a temperature sensing device and should be mounted near the final pow¬ 
er transistors. 



fig. 16. 20-watt rf power stage; the input is to the left, output 
to the right. 
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ceiver is shown in fig. 14; a photograph of the as¬ 
sembly is shown in fig. 15. In this circuit the BLY87A 
driver transistor uses both voltage and transformer 
feedback to maintain flat gain and constant input im¬ 
pedance over the entire operating frequency range. 
Transistor Q3 in the push-pull final amplifier has an 
input stabilizing network consisting of R9 and RIO in 
series, and R12 in parallel for the rf path (R7 and R8 
in series, R11 in parallel, make up the stabilizing net¬ 
work for transistor Q2). The voltage for the push-pull 
transistors is supplied through transformer T3; trans¬ 
former T4 combines both phases and provides a 
single-ended 50-ohm output. 

To maintain constant dc bias over a wide tempera¬ 
ture range, a high-gain loop using a 741 operational 
amplifier is used along with a high-current 2N2102 
transistor. The 1N4448 diode, which is the tempera¬ 
ture sensing device, should be mounted very close to 
transistors Q2 and Q3. 

control functions 

The main dc control board for the transceiver is 
shown in fig. 16. The information from the thumb 
wheel switches on the front panel of the transceiver 
is fed in parallel to both this board and the 41-71 MHz 



Photograph of an optical shaft encoder and its slotted en¬ 
coding disc. The 180 slots are chemically etched in the disc. 
The disc is 1-5/8" (41 mm) in diameter. 


synthesizer board (fig. 12). In addition to controlling 
lowpass filter selection, this board includes a 12-volt 
regulator, transmit-receive control for CW operation, 
and circuitry for the optical shaft encoder. 

The optical shaft encoder generates two quadra¬ 
ture square waves or pulses which are a function of 
shaft rotation — the waveforms are generated by a 



fig. 17. Tuner control logic provides for a digital readout of zero when the synthesizer is tuned to 41 MHz. Outputs to the right, 
labelled T and R, are connected to the lower and middle tuner boards (figs. 18 and 19). 
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slotted disc which interrupts the light path between 
two LEDs and two photo-detectors. The output from 
the shaft encoder is used to control the frequency 
synthesizer; since the shaft encoder used in this 
transceiver has 180 slots, the synthesizer tunes 18 
kHz per complete dial revolution. For a more descrip¬ 
tive discussion of optical shaft encoders, see ref¬ 
erence 8. 

The two outputs from the shaft encoder are ap¬ 
plied to the inputs of two 2N2222 transistors. The 
outputs — labeled phase 1 (01} and phase 2 102} are 
used to feed the corresponding inputs labeled slew in 
0 / and slew in 4>2 in fig. 17. 

The dc control board also includes a seven-second 
display timer so that whenever the frequency is 
changed and the display is not turned on, the LEDs 
will turn on for seven seconds to display the final fre¬ 
quency. 

Since the thumbwheel switch and the LED display 
must show the digit zero when the synthesizer is set 
to 41 MHz, this is accomplished by the logic circuitry 

* The optical shaft encoder used in the transceiver was manufactured by Dr. 
Johannes Hortlenhain GMfJH in West Germany, it is available from their 
United States sales representative. 


Internal construction of the optical shaft encoder. The 
LED light source is under the half-moon shaped shield on 
the left-hand side of the unit (right}. 

shown in fig. 17. The outputs labeled R and T in fig. 
17 are connected to the lower and middle tuner 
boards (fig. 18 and 19, respectively}. These two 
boards have the necessary memory and display logic 
for the Hewlett-Packard 5082-7300 LED dot displays. 



Vfcc 


fig. 18. Middle tuner board with memories and decoding for the frequency synthesizer (100 Hz, 1 kHz, and 10 kHz digits}. 
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Printed-circuit board for the middle tuner; other tuner 
board is similar. 

The inputs from the thumbwheel switches to the 
memory are labeled 1A through ID for the 100 Hz 
digit, 2A to 2D for the 1 kHz digit, and on to 6A 
through 6D for the 10 MHz digit. 

summary 

This transceiver was built more than a year ago, 
and since then it has been taken on a number of 


vacation trips, where it performed superbly, without 
difficulty, every time. The dual memory makes it 
ideal for DX operation because it allows for split fre¬ 
quency operation {receive and transmit can even be 
on separate amateur bands, if desired). The built-in 
power supply and nicad battery pack permit com¬ 
pletely portable operation {this is the reason power 
input was limited to 20 watts); and the antenna tuner 
allows the use of a short whip or random wire 
antenna. 
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fig. 19. Lower tuner board with memories and decoders for the frequency synthesizer (100 kHz. 1 MHz, and 10 MHz digits). 
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a new approach to 

weak-signal communications 


A new technique 
for obtaining solid copy 
during poor 
signal-to-noise 
conditions 

For years, serious amateurs have been constantly 
improving their station capability. This is particularly 
true at vhf and uhf where noise figures have been 
honed to within a fraction of external noise, transmit¬ 
ter power and efficiency have been pushed to the 
limit, and antenna size now truly boggles the mind. 
We are now faced with the inevitable question of 
where does our next improvement come from, or are 
we at the end of the line for weak-signal work? This 
article will examine some of these questions and con¬ 
sider a possible approach which has not been previ¬ 
ously applied to amateur work. 

after the rf stage 

In attempting to improve weak-signal capability 
the portion of the amateur station which has proba¬ 
bly seen the least improvement, and possibly been 
the least understood, is that which follows the rf 
stages of the receiver. Let's start there. 

Assume you are trying to copy a weak signal and 
can't quite hack it. What do you do? The most com- 

*lf receiver bandwidth were the only filtering in the act, this would be per¬ 
fectly true. The human ear provides considerable additional filtering, how 
ever, so the effective bandwidth is substantially narrower than that of the 
receiver alone. When you further narrow receiver bandwidth, you are trying 
to pick up an improvement you largely already have. 


mon idea is to narrow the selectivity to reduce the 
amount of noise coming through with the signal. 
This is perfectly valid and if you reduce the band¬ 
width by a factor of ten, you might expect to pick up 
10 dB in signal to noise. Unfortunately, this is not the 
case — the improvement is considerably less.* There 
is some improvement, nevertheless, so the next 
question is how far can you go with this approach? Is 
there some limit, or can you continue to narrow 
bandwidth indefinitely and get as much weak-signal 
improvement as you desire? 

bandwidth limits 

There appear to be three possible limits when you 
narrow bandwidth to extreme values. The first is a 
practical limit that is set by the available state of the 
art (the matter of equipment stability and accuracy). 
It would be folly to design an i-f filter with a band¬ 
width of 2 Hz if the rest of the receiver (and the trans¬ 
mitter) couldn't set and maintain frequencies within 
that bandwidth! 

The second limitation is built into the particular 
propagation mode you are using. In effect, propaga¬ 
tion variations "modulate" the signal; in some cases 
propagation can cause a signal to have greater band¬ 
width than the narrow filter you are using. High-fre¬ 
quency signals are usually narrower than 2 Hz, but 
tropo scatter may easily be wider, and aurora is 
sometimes many hundreds of Hz wide. 

The third limitation involves keying speed. If you 
narrow your filter far enough, you must also reduce 
keying speeds so that all the signal components will 
pass through the filter bandwidth. (Yes, CW has a 
frequency spectrum just like the newer, fancier 
models!) A good rule-of-thumb is that the keying 
speed in words per minute should be equal to the 
filter bandwidth in Hz. This also gives the best signal- 
to-noise ratio. If you were to narrow the filter any 
more (to cut out more noise) you would also begin to 
cut out signal components. If you increase band- 

By Walter F. Bain, W4LTU, Route 2, Box 286, 
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width, you let in more noise for the same amount of 
signal. 

Therefore, if you want to go down to bandwidths 
of 1 or 2 Hz to pick up the signal-to-noise improve¬ 
ment, you must go to some pretty slow keying 
speeds. This should not be considered a genuine 
limitation, however, for amateurs who want a con¬ 
tact badly enough will go to outlandish lengths; a 
typical vhf meteor scatter contact may average only 
a few words per hour! 

These, then, are the limitations to improving 
signal-to-noise ratios by bandwidth narrowing tech¬ 
niques. Since there is not a sizeable improvement 
available before these limitations show up, where do 
we go from here? 

a closer look 

First, are we attacking the right problem? Let's 
closely examine just what happens when the signai- 
to-noise ratio is not adequate. Assume that band¬ 
width and keying rate have been optimized; the de¬ 
tected waveform {without noise) would look much 
like that of fig. 1A where the characters are fully 
rounded by the filter. For ease in handling let's 
square-up this detected wave to get back to a 
square-wave corresponding to the original keying 
waveform, fig. IB. For the discussion that follows, it 
is essential that the signal be in binary form, corre¬ 
sponding either to key-up or to key-down. 

I am also going to dispense with the idea that the 
signal is made up of dots and dashes. Instead, I will 
define it in terms of the shortest element it contains, 
which is called a bit * A dot happens to be one bit, a 
dash is made up of three bits. The space between the 
dot and dash is also one bit although it happens to be 
a key-up bit. Normal spacing between letters is three 
bits (key-up). This may be somewhat different from 
the way you usually look at International Morse, but 
it allows each element to be treated separately. 

Now let's get back to the effects of not having 
adequate signal to noise. As the signal-to-noise ratio 
is decreased, some of the bits are in error; that is, 
they are reversed from what they should be, indicat¬ 
ing key-up when they should indicate key-down, or 
vice versa {see fig. 2). Note that the bits can't come 

‘This shortest element is basic because it sets the bandwidth of the opti 
mum filter. 
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fig. 2. Effect of a single error on the Morse letter V; error in 
various positions. 


out with in-between values if the squaring-up was 
done correctly — only key-up or key-down. 

Where, and how often do these errors appear 
when the signal-to-noise ratio gets too low? The er¬ 
rors are statistical in nature so we can state only the 
probability of error, or what per cent of a large sam- 
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fig. 1. Detected waveform of the Morse letter V, optimized bandwidth (A). At (B) is the same waveform after being squared up. 
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pie of bits will be in error. This probability of error 
(Bit-Error Rate or BER) increases as the signal-to- 
noise ratio decreases, and it is possible to draw 
curves of BER vs signal-to-noise ratio as shown in 
fig 3 Is this an actual measure of our weak-signal 
limitation rather than just signal to noise? Not quite; 
there's one more thing to be considered. 

Assume the BER is 1 in 100 (a group of 100 re¬ 
ceived bits is likely to contain 1 bit error). This sounds 
pretty good, but remember that 100 bits make up 
about 8 letters or characters in International Morse. 



fig. 3. Bit error rate (BER) vs signal-to noise ratio, 
fading signal. 
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fig. 4. Received Morse letter with a single error. 


tion: "How can we improve CER for the same signal- 
to-noise ratio?" 

Fig. 4 shows a Morse character which has been 
mangled by a single error. Amateurs have always 
been skillful at salvaging and improvising, so let's see 
what can be done with this rather badly damaged 
character. Let's first eliminate any characters which 
it could not have been. 

1. It can't be the letter Z because it differs from the 
garbled letter in bits 4, 6, and 8 (the character has 
only one error, and it can't be in three places at 
once). 

2. It can't be the letter X either, as X differs at bits 
4, 8, and 10. 

3. Neither can it be a mangled 0 because of differ¬ 
ences at bits 4, 6, 8, and 10. It would require four 
errors to change an 0 into the character of fig. 4. 

4. It can't be any of the shorter letters such as U, 
R, D, W, G, K, V, F, L, B, M, H, A, N, S, I, T, or 
E, as the 3-bit spaces on either side of the letter 
accurately define its length. It can't be any of the 
longer letters, J, Y, or Q for the same reason. (The 
effect of errors on the spaces will be discussed 
later.) 

Even though the letter was mangled, there was 
enough left of it that we were able to eliminate 24 let¬ 
ters which it could not have been! The only two re- 
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Therefore, this one bad bit, wherever it may fall, is 
likely to foul up one whole character out of 8. This 
means that the Character-Error Rate (CER) is 1 in 8, 
which is not so good! Now we have arrived at a basic 
measure of weak-signal performance; the signal-to- 
noise ratio determines the BER, and the BER in turn 
sets the CER. It is the CER that actually limits our 
ability to communicate. 

a new approach 

Now that we have struggled through optimum 
bandwidth, bits, BER, and CER, are we any closer to 
a solution to the original question of how to further 
improve weak-signal capability? Perhaps. Instead of 
the perpetual struggle to improve signal-to-noise 
ratio, we now have a new handle on the problem and 
can wrestle with CER instead. Let's ask a new ques- 
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fig. 5. Received 7-bit Morse character with a single error 
Itop), compared with 7-bit letters it could be. 
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maining letters are P or C; it could be a P with an er¬ 
ror at bit 2, or a C with an error at bit 4. 

What did this exercise accomplish? Instead of the 
letter being a total loss, enough has been recovered 
to narrow the choice down to one of only two letters. 
This is an improvement from about 4 per cent to 50 
percent. 

a possible solution 

This looks promising, even if we only partially 
recover copy which would otherwise be lost. And 
nothing has been done to improve the signal-to-noise 
ratio! But was this just a fluke? Is it possible to pull 
this off with other letters? Let's try another example 
and see. 

Assume you receive the character shown in fig. 5. 
The error rate is such that the average is one error per 
character. The 3-bit spaces are intact so this is a 7-bit 
character; shown below it are the 7-bit characters it 
might be: 

1. It can't be a U which differs in three sep¬ 
arate bits. 

2. It can't be an M either; this differs in two bits, 
too much to be caused by a single error. 

3. H doesn't fill the bill — it differs in two spots. 

4. D and R differ in only one position from our uni¬ 
dentified character and this can result from the 
single error. 

So once again it has been possible to take a mangled 
Morse character and narrow it down to only two pos¬ 
sibilities; in this case it is either a D or an R. 

Do all International Morse characters have this 
capability? Let's check out a character like H. Fig. 6 
shows that an error in just one bit will not only garble 
the character, but will actually transform it into some 
other character which then appears flawless. This is 
particularly insidious, as there is noway to determine 
by simple examination that an error is present, much 
less correct it. (The occurrence of errors is statistical, 
so although an error may be probable, it is not guar¬ 
anteed!) The letter H is so bad in this respect that a 
single error almost anywhere transforms it into an¬ 
other character(s) which appears valid (an error on 
bits 3 or 5 makes it look like two perfect letters, El 
or IE). 


fig. 6. One effect of a single error on the Morse letter H. 
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fig. 7. Possible ambiguity resulting from a single error when 
the Morse characters differ in only 2 bits. 


Therefore, it appears that not all Morse characters 
can be narrowed down to a few possibilities after suf¬ 
fering an error. Is there some way of measuring or 
evaluating the ability of a character to do this? If you 
look at fig. 5 and fig. 6 you see that the "good" 
characters had a fair number of bits which differed 
from the bits in the corresponding positions in the 
other characters. The "bad" characters such as H 
have the fewest number of corresponding bits which 
are different. This is logical, for if a large number of 
bits differ, then a single error in any position cannot 
overcome the overall difference. If only a few bits dif¬ 
fer, then an error is more likely to cause a change 
that cannot be resolved. It is this difference which al¬ 
lows us to narrow down the number of possibilities 
as to what the character actually was before the er¬ 
ror, The greater the number of differing bits, the 
more distinctive the character is. 

Just how much difference is necessary to survive 
the effect of a single error? Since a single error can 
reduce the difference by only a single bit, you might 
think that one additional bit-difference would suffice 
to identify the character. Unfortunately, the one er¬ 
ror could just have easily hit the other character on 
the other difference bit to yield the same mangled 
character — you would never know the difference. 
Perhaps an example would clarify this. The charac¬ 
ters A and N differ in two bits, 2 and 4. If you receive 
an unknown character as shown in the center of fig. 
7 you have no way of knowing whether it is an A with 
an error in the second bit, or an N with an error in the 
fourth bit. Therefore it is actually necessary for the 
Morse character to have differences in at least three 
bits to be sure of correcting a single error. 

This provides the basis for a method of measuring 
the ability of a Morse character to resist an error. It 
must differ from other characters in at least three 
corresponding bits. Let's go through the Morse al¬ 
phabet and pick out the error-resisting characters. 
We must compare each character only with those of 
equal length, since it has been assumed for now that 
character spacing is error-free. 
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1. The three unit spacers appear intact; this defines character 
length and makes it easier to cfecypher the garbled message. 

2. Unless there is more than one error in the first character, this 
can only be a K or a G. Since K is not used in ERMA it must be a G. 

3. The second letter is a perfect Z, but Z is not an ERMA character. 
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It might be a P with four errors, or an O with 1 error. The chances 
of 4 errors per character are much less than 1 error per character, 
so it must be an 0. 

4. The third tetter couid be an L or a V with two errors, but since 
neither of these is an ERMA character, this can only be a W, 
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fig. 8. Short message showing the value of the Error Reducing Morse Afphabet IERMA). The signal to noise ratio is so poor the 
copy averages 1 bit error per character. The correct copy is GOW. 


It turns out that there is a unique alphabet of 
eleven Morse characters which are immune to a 
single bit-error. This Error Reducing Morse Alphabet 
(ERMA) is as follows; 

ETSMRGWPOJX* 

Does ERMA really work? Let's try a simple ex¬ 
ample and see. Assume the copy shown in fig. 8 
has been received badly garbled but we know it con¬ 
sists only of ERMA letters. The signal-to-noise ratio 
is so poor we are averaging one bit-error per charac¬ 
ter — "no-copy" if the conventional alphabet were 
being used. 

By using ERMA it has been possible to recover 
copy that would otherwise have been lost. How is it 
possible to do this at such a poor signal-to-noise 
ratio? The ERMA letters have a greater redundancy 
than other Morse letters, so they convey character 
identification in more than one way. If part of the 
character is mangled, the remaining part is still suffi¬ 
cient to identify the character . The net result is that 
you can now tolerate a much lower signal-to-noise 
ratio and poorer bit-error rate but still maintain a use- 
able character error rate; and CER is the basic meas¬ 
ure of communications ability. 

How many dB can be picked up this way? This is 
not a fair question because you cannot directly 
equate CER and signal-to-noise ratio. Rephrase the 
question: "For the same CER, what is the difference 

*J { - •) is a perfectly good Morse character, although it's not used 

in English. 


in signal to-noise needed with ERMA and the signal- 
to-noise needed with a conventional alphabet?" For 
a CER of about 1 in 8, ERMA can tolerate a BER 
close to 10'E A conventional alphabet would re¬ 
quire a BER near 10 2 . Checking back to the curve 
of fig. 3, this corresponds to an advantage of about 
12 dB. 

errors in character spacing 

Now, what about that matter of the spacing be¬ 
tween characters? I have been putting this off so far 
by always assuming that the error falls only within 
the characters and never within the space separating 
them. We should be so lucky! An error which falls in 
the center of a standard 3-bit space would neatly link 
two characters, making it impossible to sort out. 
Two characters would be lost by just one error! 

This problem is greatly relieved, however, by the 
simple expedient of using an even number of bits be¬ 
tween characters rather than the more traditional 
odd number of three bits. Four bits for spaces is 
probably the optimum value. Two bits would run a 
greater risk of Unking errors, and six bits is probably 
more than necessary. 

The use of an even number gives a significant ad¬ 
vantage by a rather subtle means. The bit stream for 
each character is in effect slipped in phase relative to 
the previous character. This is best shown in fig. 9 
where a series of Hs and Ss are drawn, first with 3-bit 
spacing and then with 4-bit spacing. Note that with 
the 4-bit spacing the phase slip causes the bits of one 
character to occur in even-number positions and 
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fig. 9. Comparison of 3- and 4 bit spacing, showing the odd-even "phase slip" that occurs between characters when 4- 
bit spacing is used. 
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those of the next character to fill odd-number posi¬ 
tions, etc. This is a big help in sorting out characters 
during heavy error conditions. On the other hand, 
the 3-bit spacing makes this impossible. 

Let's now give ERMA a real baptism of fire by let¬ 
ting the errors fall where they may. Fig. 10 shows a 
set of ERMA letters, 132 bits in total length. To simu¬ 
late a BER of 1 in 11, a total of 12 errors have been in¬ 
serted at randomly determined positions. Character 
spacing is 4-bits throughout. (Before you tackle this 
you may want to look through the appendix which 
gives some hints on spotting errors.) 

using ERMA 

Having struggled along this far, you are entitled to 
ask an obvious question; "How in the name of 
Samuel F. B. Morse are we supposed to actually 
communicate using this alphabet of only 11 letters?" 
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fig. 11. Differing bits for the ERMA letters P and O. 


If your call is W6PO you might have a chance, but if 
you have a combination like W4LTU you would be 
out of luck. 

There is nothing sacred about any alphabet, in¬ 
cluding ERMA; it's just a set of symbols that stand 
for something else. Let's treat the ERMA alphabet as 
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SO *0 50 60 TO BO 90 tOO HO 120 ISO 



bits 

1-11 No problem - clean 4-bit spacers with a T in between. 

8 18 The second spacer is only 2 bits long so has an error. It's 

possible that bit 16 is in error, but then the letter would 
be an I (not ERMA) or another T with an additional error 
(2 total). More likely there is a single error in bit 19 and 
the letter is S. 

17-42 This is badly garbled; there is obviously more than one 
letter and several errors. To sort it out start at bit 21 and 
work carefully several bits at a time. 

21-27 Bits 21 to 23 could be a T, but it's followed by a 2-bit 
spacer. Perhaps bits 26 and 27 are errors (to give 4-bit 
spacing) but in that case bit 28 must also be an error if 
the next character starts there; requires 3 errors to justify 
the letter T which is unlikely. If bit 25 is an error, the let¬ 
ter is M and no other assumptions are required. (Note 
that the letter is not likely to be the letter G as the follow¬ 
ing bits are "out of phase/' indicating a new letter has 
started.) 

28-31 The spacer following is only 2 bits, indicating an error. If 
bits 21 to 27 are the letter M, then the error must be at bit 
30 for a 4-bit spacer. 

32 38 This is a perfect H but is not used in ERMA. It could be 
an M with 2 errors, or an R with 1 error. Following the 
rule of assuming the least number of errors, it must 
be an R. 

39-55 There's obviously a problem here because of the 2 bit 
spacer in the middle. If it's assumed there are two 
characters with a 4-bit space, however, there are even 
more inconsistencies; any efforts to extend the spacer to 
4 bits results in 2-bit dashes or an 8-bit spacer, both im¬ 
possible. This is the result of the out-of phase effect 
which indicates there are not two characters, but one. 
Therefore, the 2-bit gap is not a mangled 4-bit spacer but 
a 2-bit gap within a single character. This makes it easy; 
bit 45 is in error and the character is G. 


52 68 Perfect spacers and a perfect L, but L isn't used in ER 
MA so there is an error. The simple solution is that there 
is a single error in bit 63 and the correct letter is W. 

65-83 This may look alright at first glance, but note that the last 
dash is 4 bits long and the following spacer is 5 bits, both 
impossible. If a 4-bit spacer is assumed by correcting bit 
83, some impossibilities are generated in the following 
character. Therefore, it is corrected by assuming bit 79 is 
an error; this gives a 5-bit dash at the end of the letter, 
but neatly breaks down to a 3-bit and a 1 -bit if bit 78 is 
also an error. The character is a P with errors at both bit 
78 and bit 79. 

80-98 No errors here; it's a perfect ERMA letter 0. Assume no 
errors if there is no evidence of them. 

95-114 This might be two letters, but if it's corrected to 
something like RT there is only a 3-bit spacer between 
the letters. There is no way to insert a 4-bit spacer 
without causing other problems. This indicates that all 
the bits in this group are in phase and it must be a single 
character. There is a single error at bit 107 and the 
letter is J. 

112 132 There are obvious problems here. Both spacers have on¬ 
ly 3 bits; also within the group is an 8-bit dash and a 2-bit 
dash. Remember that the previous character was a J, 
ending at bit 111. Therefore, the 4-bit spacer must ex¬ 
tend through bit 115, which must be an error. This leaves 
a 7 bit dash (bits 116 through 122). This might be an R 
with two errors, or an M with one error (these are the on¬ 
ly two ERMA possibilities). It is followed by a flawless 3- 
bit dash, however, which must be a part of the 
character. The 2-bit dash which follows must also be 
taken into account. This is resolved by working back 
from the start of the following character (not shown) to 
get a 4-bit spacer; this requires that bit 129 is in error. 
Then if it falls into place — it's the lengthy letter J with 
errors at bits 115, 119, and 129, 


fig. 10. A message sent with the ERMA characters, total length of 132 bits. The bit-error rate is 1 in 11 (error positions randomly 
chosen). Four-bit character spacing is used throughout. The analysis shows that ERMA provides solid copy at a bit error rate 
which would have given about 30 per cent copy with the conventional Morse alphabet. 
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just that, a set of symbols which can be used to spell 
out the normal alphabet. To do this simply arrange a 
5x6 matrix with two ERMA letters serving to define 
each letter in the normal alphabet.* 



For example, if you wanted to send the letter W, you 
would send the ERMA pair: TJ. This technique slows 
down the rate of communication, but remember that 
one of the assumptions made earlier was that you 
were willing to slow down if you could improve your 
weak-signal capability. 

There is yet another scheme for using the ERMA 
advantage that is even simpler. Still thinking in terms 
of symbols, why not use only two ERMA letters, one 
representing a dot and the other a dash? This 
reduces speed even further, but if that bothers you, 
send the ERMA letters at a faster rate; you still come 
out ahead. 

This last scheme leads to another point concerning 
ERMA. If you plan to use only two of the eleven let¬ 
ters, is there any best choice? You might assume the 
shortest characters are the best because they offer 
the least speed reduction. However, not all ERMA 
letters were created equal. In fig. 10, where ERMA 
was given its baptism of fire with noise, sharp-eyed 
readers may have noticed that certain ERMA letters 
were easier to salvage than others. A ponderous let¬ 
ter like J, for example, has enough redundancy that 
it can actually withstand two errors anywhere within 
the character and still be recognizable. On the other 
hand, the letter E survives only if its spacers are 
reasonably intact. 

What governs this degree of error resistance? 
Again, it is determined by the number of bits that are 
different from the corresponding spots in other let¬ 
ters. Earlier I showed that a difference in 3 bits is nec¬ 
essary to survive a single error, It turns out that a dif¬ 
ference in 5 bits gives full immunity to two errors. 
Fig. 11 shows this in comparing the letter P and the 
letter 0. Note that in five positions the bits are differ¬ 
ent in the two letters. This guarantees that no matter 
where the two errors strike you can still positively 
identify the letter. 

Extending this idea, a difference in 7 bits is needed 


"If you insist on having a full set of numbers available, you can use ten 
ERMA letters to form a three-dimensional matrix, 3x3x4, to give you a full 
36 fetters and numbers. 

tMinimum, depends on spacers and adjacent letters. For other ERMA let¬ 
ters, values given are for the letter alone. 
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fig. 12. Differing bits for a simple repetition of dots (A) 
and dashes (B). 


to correct three errors; a difference in 6 bits corrects 
two errors and in addition will detect a third error but 
not tell you where it is! The following tabulation 
clearly shows the advantage of using the longer 
ERMA letters: 


letter 

number of 
different bits 

number errors it 
can withstand 

E,T,S 

3T 

1 

M,R 

3 

1 

G,W 

4 

1 

p o 

5 

2 


6 

2 


Why not simply use repeats? Well, if you are going 
to use two high-redundancy ERMA letters, such as P 
and 0, to stand for dots and dashes in sending a con¬ 
ventional alphabet, there is another obvious ques¬ 
tion. If you take the time to send the entire letter P 
when you want to convey a dot, then why not just 
use that same amount of time to send a string of 
dots? Wouldn't this simple repetition of what you ac¬ 
tually want to send be even better? Amateurs have 
been making good use of repeats for many years; 
isn't it just as good as this ERMA routine? 

Let's take a look at both methods and compare 
them. Remember that the ability of a Morse charac¬ 
ter to survive errors depends on the number of bits in 
which it differs from other characters. The more bits 
that are different, the more errors it can survive and 
still be read correctly; the ERMA letters P and O dif¬ 
fer in 5 bits so they can survive two errors and still be 
readable. 

Now let's try the method of simple repetition. Fig. 
12 shows a string of dots of the same total duration 
as the letter P or 0. Below the dots is a string of 
dashes; you must be able to tell the difference even 
with errors present. Note that the string of dots and 
the string of dashes differ in only 3 bits, so can sur¬ 
vive only a single error. Thus the ERMA letters P and 
O show a greater error immunity than simple repeti¬ 
tion of the same duration! This advantage also holds 
for other length Morse characters. The ERMA letters 
M and R can survive a single error, but a similar 
length of repeated dots and dashes cannot correct 
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any errors. For longer lengths, the advantage of 
ERMA is even greater. 

summary 

Let's try to quickly recap what I've covered in this 
article; those of you who have stuck with it this far 
deserve every possible breakl 

1. Narrowing bandwidth helps, but there are 
limits. 

2. Errors appear in individual bits — Bit-Error Rate 
orBER. 

3. Each error can wreck an entire character — 
* Character-Error Rate or CER. 

4. CER limits ability to communicate; attack it, not 
signal-to-noise ratio. 

5. Certain characters are more resistant to errors 
than others. 

6. Evaluate error resistance and select only the 
best letters — ERMA. 

7. Use ERMA to convey the conventional 
alphabet. 

8. ERMA is better than simple repetition. 

ERMA and similar techniques can allow amateurs 
to greatly improve weak-signal capability without the 
burden of staggering increases in hardware costs. 
These techniques can be either applied to existing 
bandwidths, or added to optimized bandwidths. As 
long as the detected signal is squared up to binary 
form, the method can be applied anywhere. Remem¬ 
ber those immortal words, "To err is human, to cor¬ 
rect is divine." 


appendix 

Following are some guidelines for correcting errors in ERMA 
copy. They are not all inclusive, but are designed to provide a start¬ 
ing point. 

1. If several possibilities exist, choose the one which assumes 
the least number of errors. 

2. A single error cannot change an ERMA letter into another 
ERMA letter. 

3. A single error cannot divide an ERMA letter into two ERMA 
letters, 

4. A single error can only distort an ERMA letter or change it into 
a non-ERMA letter. 


error indicators 

The following cannot exist in normal copy so are positive indica¬ 
tors that one or more errors are present, either within the given se¬ 
quence or in a directly adjacent bit. 


2-bit key-down 

4- bit key-down 

5- bit key-down 

6- bit key-down 

7- bit key-down 


2- bit key-up 

3- bit key-up 
5 bit key-up 
6-bit key-up 
7 bit key up 
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pi network design 


Pi networks 
are used extensively 
in amateur 
rf power amplifiers — 
here’s the 
recipe for a pi 

Pi networks have been used extensively for years, 
primarily for coupling final amplifiers to antennas. 
Useful for impedance matching, pi networks can also 
be used with mobile antennas and at receiver inputs. 
Since the pi network is a lowpass filter, it can reduce 
TVI caused by high-frequency transmitters. Compo¬ 
nent values make all the difference in application so 
the ingredients should be selected with care. 

Fig. 1 shows the general circuit and component 
value equations for the pi network. The equations 
differ slightly from the usual methods but will pro¬ 
vide the desired match. Allowance of parallel 
capacitance at each end of the network will give 
direct results and accommodate strays or stray-plus- 
circuit capacitances. Values of C a or C 0 must be finite 
and depend on the application; stray capacitance is 
always present. 

The Q in the equations is a design parameter , not 
the component (). It's value selection will determine 
higher frequency rejection, the resistive or real part 
of impedance presented to a source, as well as com¬ 
ponent values. 

Fig. 1 gives two choices in calculation, T (a tem¬ 
porary value) and R 6 . T must be positive or at least 
zero for solution. Results giving a negative T require 
a change either in end resistance or Q, and possibly 
both; increasing an end resistance is preferable and 
ways will be shown later on how to handle that situa¬ 
tion. The value of R 6 is dependent on which end 
resistance is highest. It will be negative if R 0 is 
highest. 

Reactances X c and x d must both be negative for a 
solution. If a positive value results, parallel end 


capacitance may have to be changed. In most cases 
a positive value comes from calculation error, so use 
care in handling terms. Some sources may present a 
parallel end inductance; this must be shunted with a 
fixed capacitor to cancel it at the operating frequen¬ 
cy. Handling this situation is discussed later. 

design example 

Suppose a pi network is required for a 40-meter rf 
power amplifier. The amplifier has a tube type final; 
the center frequency is chosen as 7.15 MHz with 
design Qof 5. Initially 

R 0 = 5000 ohms (this will be the source end) 

C 0 = 8 pF {tube and socket stray capacitance) 

R a = 50 ohms (load end) 

C a - 3 pF {stray capacitance in connector) 

X () — - 2782.43 ohms 
X a = - 7419.81 ohms 

Initial calculations result in R 5 = 4950 but T~ - 18.25 
x 10 6 so a solution cannot be done directly. The 
source end resistance is changed to 500 ohms but C 0 
is kept the same. This gives 

R 5 -- 450 ohms 
R. f == 650 ohms 
R 6 ~ — 1850 ohms 

X l = 139.655 L — 3.1806 pd~i 

X d = -127.181 C d = 175.02 pF 

X c = -56.6797 C c = 392.72 pF 

The design Q change was not done since this has 
other effects which are shown later. An R 0 of 500 
ohms might be alright for a transistor final but it 
won't fit the tube circuit. Fortunately, there's an 
alternative. 

cascading and the 
virtual resistance 

Two networks can be cascaded so the load end of 
one network becomes the source end of the follow¬ 
ing network. The latter has been calculated so we 
can try for the first with 

R 0 ' — 5000 ohms 

R a ' = 500 ohms {to match the example given) 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 
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The same values of X Q and X a can be used again, as¬ 
suming the same stray capacitance; it is always best 
to stay on the high side for strays. The new network 
with same frequency and design Q has values of 


R<>' =4500 

R/ =6500 
R 6 ' =- 18.5x10* 

X L ' — 1396.55 
X / =- 2160.65 


X/ = - 705.050 
L' = 31.086 (iH 
C d = 10.302 pF 
C c ' = 31.572 pF 


resistance limits with a fixed inductor, the inductance 
equation can be solved for Q 

R 0 + R a + 2yjR 0 R a — X i} 

This presents two unknowns: Q and R a . Minimum 
R a occurs when the square-root term reduces to 
zero. This also reduces the minimum Q equation to 


The manner of cascading is shown in fig. 2. The 
center resistance of fig. 2A is termed the virtual 
resistance. It's value is R a ' ~R 0 but it does not ap¬ 
pear physically in the circuit; virtual resistance is a 
mathematical technique which allows cascading of 
networks and must be the same at each network's 
design frequency. 

Parallel capacitances at the midpoint can add. This 
also includes any assumed strays. Total C m for both 
networks is 217.59 pF; you could assume a stray of 3 
pF at this point since it is physically only one 
capacitor. Total network response calculations re¬ 
quire the sum of all capacitors in parallel, including 
strays. 

what happens in tuning? 

Most pi network designs have a fixed inductor or 
at least a fixed value per band. The two capacitors 
nearest the antenna are made variable to accommo¬ 
date impedance differences at the antenna. Each pi 
network design has different limits of equivalent 
parallel resistance that it will match. To find the 
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X 0 = - l / {2n F C 0 ) X 0 * -l/(2„FC 0 ) 


x L 2 + Ro 2 

Qjnm ~ p 

This brings up an interesting point when the induc¬ 
tor is held at a fixed value: matching to a lower load 
resistance will result in a lower () than originally plan¬ 
ned! Also, matching to a higher load resistance 
results in a higher (). This case is found by letting 
R a = nR 0 so that 

R 0 (n + l) + 2^nR 0 2-X L 2 

Qjiigh 

where n is an arbitrary fraction giving practical R a , 
but must be less than unity. 

By now it is apparent that minimum load 
resistance is the critical factor in pi network design. It 
can be found by solving the first Q equation's 
square-root term group to yield 

RJmin) = X L 2 /R 0 

Taking the first network example (500 to 50 ohms) 
with a fixed Xi and solving for minimum load 
resistance: 

R a (min) = 39.0070 ohms 
Qjnm = 3.85956 

Capacitor values are then found by recalculating 
everything except inductive reactance: 
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fig. 1. Pi network and its design equations. The equations 
are from reference 4. 


R 5 =460.993 
R 4 = 279. 309 
R 6 = - 1650.47 
X d = -147.035 


X c = - 142.334 
C d ~ 151.30 pF 
C c = 156.39 pF 


As a shortcut, the minimum R a case will result in 
total end capacitive reactance equal to the inductive 
reactance. The high end resistance, letting n-0.5, 
gives 


R a (high) = 250 ohms 
Qjiigh ” 10.0219 
R$ = 250 
R 4 = 3534.44 
R 6 = - 1476.50 


X d = -87.3164 
X c ~ -61.2418 
C d -254.93 pF 
C c = 363.47 pF 
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High resistance capacitor values seem wrong since 
they are higher than the original 50-ohm values. This 
is a result of keeping the inductor at a fixed value; 
each network will match the 500-ohm source at 7.15 
MHz. Also, and important for harmonic suppression, 
the Qwill change. 

what to do about 
load reactance 

No antenna is perfect so you can expect the reac¬ 
tance to change as well as the resistance. Capacitor 
C c will compensate for antenna parallel reactance. If 
the antenna (or transmission line) reactance is 
capacitive, C c is reduced; if it is inductive, C c is in¬ 
creased. For practical variable capacitor values, the 
change should be around 50 per cent of C c . 

In this example the C c range will be about 78 to 590 
pF or 7.5:1, maximum to minimum. This is practical 



transmission line as well as design goal of the 
antenna. 

Tranmission line length is usually arbitrary. Vswr is 
a ratio of actual admittance magnitude to a desired 
value or target. Neglecting line losses and assuming 
arbitrary line lengths, the antenna admittance will ap¬ 
pear somewhere on a circle whose center is that of 
the chart with a radius determined by distance from 
center to antenna admittance. This is the vswr circle. 

If you don't have an RX noise bridge but do have a 
fairly accurate vswr indicator, there is a shortcut to 
finding the radius; use a compass or divider and draw 
it using the normalized R or G line numbers higher 
than 1.0 for the vswr radius. 

The matching area of the example is rather lop¬ 
sided. You could match any vswr up to 5:1 by simply 
changing the transmission line length. This would 
move the matching area to wherever desired. The 



L VIRTUAL C fn 2 C c +c d Cj sC o + Co 

RESISTANCE 

»i -- R „ © 

© 

fig. 2. Two pi networks in cascade are shown at (A). Combined pi networks are shown in |B). 


but we have found a definite lack of matching ability 
for the low resistance case. Maximum allowable vswr 
for that condition will be only 1.28:1 and an addi¬ 
tional matching network may have to be added. 
Capacitor C c alone will take care of parallel reactance 
but both capacitors must be changed for parallel 
resistance and reactance other than 50 ohms. 

thinking in terms of admittance 
and the vswr circle 

Antenna impedance can be represented by series 
equivalents of R+]X or parallel equivalents G+jB in 
admittance form. The admittance form is a bit easier 
to think of since the pi network has a load-end shunt 
variable. 

The Smith chart is invaluable for seeing what hap¬ 
pens with a network when the load changes. Fig. 3 is 
a normalized Smith chart showing the admittance 
matching range of the first example (dotted line). 
Normalization merely means that all conductance 
and susceptance values have been divided by 0.02 
mho (50 ohms) since we are really concerned about 
the ratio of antenna admittance to a target value. 
Target admittance (or impedance) is usually the 


problem is that you have to measure the line end ad¬ 
mittance to find out which way to move. 

A better choice for a final amplifier network is to 
try for a symmetrical matching area on the chart. A 
2:1 vswr is a reasonable design goal. This fits many 
antennas and line lengths don't have to be juggled. 

new component with an old circuit 

A rule of thumb is that low R 0 :R a ratios yield lower 
possible RJmin) values with a fixed inductor. A 
variable inductor could be used, of course, but this 
adds another tuning element and possible mechani¬ 
cal problems. A pi network for a vacuum tube usually 
needs two networks in cascade so a low Ro'^a rat ‘° 
can be achieved by changing the virtual resistance, 
but there is another way. 

A 4:1 toroidal balun with broadband characteris¬ 
tics will reflect an equal ratio of both conductance 
and susceptance.In addition to transforming im¬ 
pedance from 50 to 200 ohms, a well-insulated trans¬ 
former is useful for draining off static charges during 
thunderstorms. 

The modified cascaded network using the balun is 
shown in fig. 4. The admittance matching area of 
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this circuit is shown by the solid outline in fig. 3 and 
is just short of meeting the 2:1 vswr goal. Calculation 
is done with a load resistance of 200 ohms since the 
modified network sees this through the balun. 

Target values at 7.15 MHz, design Q= 3, R 0 = 300, 
and the same stray capacitance as before are 


R^ — 300 
R 4 = 1332.42 
R 6 = -947.383 
X L = 227.733 
X d = - 167.847 


X c = - 110.227 
L = 3.0697 fiH 
Q = 132.62 pF 
C c = 201.94 pF 


Holding the inductor fixed and calculating the 
minimum R a gives 


R a (min)-103.743 (25.9357 at the line) 
0 ^^ 2.63087 
C d = 89.733 pF 
C c = 94.733 pF 


Since minimum R a is very close to a 2:1 vswr, n is 
set to 0.8 for an R a (high) of 400 ohms or 100 ohms 
on the other side of the balun. High resistance 
values are 


dhtgk^ 7-33141 
Q= 164.97 pF 
C c = 188.77 pF 

Calculation at equivalent line resistances of 30, 40, 
and 75 ohms shows that C c and C d will be maximum 
at 25.9 ohms. The C d minimum occurs at 100 ohms 
but C c minimum is close to the 50-ohm design target 
(it increases slightly going towards 100 ohms). 



fig. 3. Admittance matching range of the pi network dis¬ 
cussed the first example in the text (dashed lines!. The solid 
lines show the modification of matching range available by 
using a balun. 


L 



4 I 

BALUN 


TRANSMISSION 
L INC 


fig. 4. Basic arrangement of 4:1 balun between the trans¬ 
mission line and the output of the pi network. 


Using a 50 per cent variation of C c to compensate 
for variations in line susceptance requires a practical 
range of 55 to 342 pF, easily obtainable. C d must 
cover 135 to 248 pF if used in a single network. The 
single network matching area is shown in fig. 3. 
Cascading networks allows a slight increase in area. 
If this is done, the virtual resistance must change in 
calculations but another penalty occurs: three 
variables are required for tuning. 

Qand harmonic suppression 

Harmonic suppression varies with design Q and 
the design Q varies with tuning when a fixed inductor 
is used. As a general idea of Q change with tuning, 
the first example's voltage response is shown in fig. 
5. This set of curves must be considered on the basis 
that the data assumes both load and source 
resistances remain constant with frequency. In ac¬ 
tual fact, both load and source admittance is fre¬ 
quency sensitive. Sensitivity varies with the final 
amplifier circuit and antenna when used in a 
transmitter. A general rule of thumb is that antenna 
admittance variation at harmonics will make little dif¬ 
ference in suppression. An exception might occur if 
the feedpoint of the antenna is at a voltage node at a 
harmonic. Effect is still slight. 

The major effect of the pi network at harmonics 
occurs at the source end. Regardless of circuit, the 
network appears as a single, slightly lossy capacitor 
to the amplifier. The impedance of the first example 
at 14.3 MHz (the second harmonic) is 1.14-j79.3 
ohms looking into C 0 and assuming a perfect load. 
Impedance at 21.45 MHz (third harmonic) is 
0.08-J43.1 ohms under the same conditions. The 
amplifier must be able to work at the fundamental 
frequency yet be stable with a capacitive load at har¬ 
monics. 

Source impedance at harmonics is generally low 
and depends on the particular circuit. This is a 
separate analysis problem with many variations. The 
network still looks capacitive at harmonics. 

It is a good idea, regardless of the amplifier circuit, 
to use two sections in cascade. The source-end sec¬ 
tion can use a lower design Q but retain the virtual 
resistance for cascading. C 0 ' is tuned just once, leav- 
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ing C m and C a variable for matching. This increases 
harmonic suppression capability without adding 
more variables. 

The normalized resistance and reactance of the 
first circuit example is graphed in fig. 6 and assumed 
to be looking into C Q , Curves are for design Qs of 
3.86, 5, and 10. Other circuits will show a slight devi¬ 
ation but the general effect is the same. 

A general rule is that the resistance and reactance 
change slowly near band center for stability. Design 
Qs lower than 5 are preferred. This is achievable by 
using the two-section configuration with a low-Q 
source end. Variations to the source due to tuning 
are reduced. 

Individual component Q should be high to avoid 
losses; component Q of 100 or greater is preferred. 
This is easy with capacitors but inductors should be 
toroids or airwound. A 0.3 dB loss is insignificant at 
the other end whether running 10 watts or a kilowatt, 
but that loss with a kilowatt means local heating of 
about 67 watts. 

receiver applications 

All that was said about transmitter applications ap¬ 
plies here. Many expensive receivers are mismatched 
— the so-called communications receivers with 3:1 
tuning bands show wide input impedance variations. 

An RX noise bridge can be used to check a 
receiver input. The noise source itself should be pad¬ 
ded to avoid overload and saturation, particularly 
with solid-state receivers, because overloading the 
front end can change the impedance reflected back 
to the antenna terminals. 

Old receivers with 300-ohm input options should 
have the pi network placed there. Variations will still 
be found so the impedance must be checked. 

An advantage gained in the high-frequency bands 
is a reduction of interference from nearby CB rigs 
when the receiver is used at 15 meters and below. 
There is some advantage gained in attenuation below 



fig. 5. Voltage response of a pi network vs <). Center fre¬ 
quency is at 7.75 MHz. 



fig, 6, Normalized resistance and reactance vs Qaround 
the design center frequency of the pi network (7.15 
MHz in this easel. 


the center frequency due to mismatch loss. The in¬ 
put impedance to a pi network is reactive on either 
side of the center frequency, actual loss will depend 
on the antenna. 

Mobile antennas in the high-frequency range can 
use the pi network in place of the common 
L-network. The same is true of short verticals. It is 
wise to use a wideband 4:1 balun with a bridge in 
measuring such antennas because of low resis¬ 
tances. Don't forget to divide the impedance by 4 (or 
multiply with admittances) when using the balun. 

Interstage matching in any amplifier chain can also 
be done. Higher design Q can be used, but with cau¬ 
tion: the reactance variation is greater and may result 
in instability. There are a dozen other 3-component 
matching networks available which can be found in 
the references. About half of these will be better for 
interstage applications. 

Proper design and operation with any matching 
network depends on knowing the source and load 
characteristics. With amplifiers at either end, you 
should check to see what happens with reactive con¬ 
ditions out of band. 
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transmitter matching networks 


Complete data 
for building networks 
to match the 
output impedance 
of your transmitter 
to the 
input impedance 
of a linear 
power amplifier 

Most transmitters are designed for 50-ohm out¬ 
put loads and the use of 50~ohm coax cable has 
become the standard for antenna systems used by 
amateurs. As the typical transmitter these days has 
100 to 175 watts output, it is often used as an exciter 
to drive a linear amplifier to higher output power. 
These units normally are cathode-driven and are 
characterized by an input impedance that falls in the 


region of 20 to 200 ohms. Although in many cases 
the exciter can drive such an amplifier directly with 
satisfactory results, the use of a properly-terminated 
matching network can be beneficial in a variety of 
ways: It allows maximum energy transfer (most out¬ 
put), presents the best load to the exciter, minimizes 
harmonic radiation (TVI, etc.), and allows barefoot 
operation without retuning. 

Perhaps other advantages will come to mind. 
Some exciters have only a 50-ohm output, and can¬ 
not be retuned for other impedances. 

input impedance 

The input impedance of linear amplifiers is rarely 
the same from one band to another. Some amplifiers 
are not operated at zero-bias and actually drive the 
grid through a passive resistor. These systems usual¬ 
ly present about the same impedance from one band 
to another, of course, but are rarely 50 ohms to 
start with. 

Formulas have been given to enable the calcula¬ 
tion of the input impedance of a grounded-grid, 
cathode-driven amplifier. However, such formulas 
are all but worthless since they do not take the fre¬ 
quency into consideration. Measurements taken at 
the input of such amplifiers usually show a rather im¬ 
pressive variation from 10 to 80 meters, indicating 
that a formula would be quite misleading. These 
variations are caused by the manner in which the rf is 
isolated from the filament transformer (and hence 
the house wiring). Two methods are used to ac- 

By Irvin M. Hoff, W6FFC (reprinted from the 
January, 1973, issue of ham radio) 
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complish this: filament chokes, such as bifilar-wound 
coils, or low-capacitance filament transformers. 

The best uniformity is normally obtained with the 
low-capacitance filament transformer, but such a 
transformer is not always available, and in any event 
would need to be mounted within a few inches of the 
tube base. This is not always convenient, so filament 
chokes are more commonly used. These chokes 
range from commercially-available units to home¬ 
made — the latter usually being two number-12 
double enameled wires wound simultaneously 
around a round ferrite rod until 11 turns (you would 
count 22 with the two wires) are on the rod. With 
proper bypassing these chokes allow the 60-Hz fila¬ 
ment current to pass, but to not allow the high- 
frequency rf signal into the filament transformer. 



fig. 1. L networks. The circuit in A is a step-down L-net¬ 
work; B shows a step up L-network. 

Factors which seem to contribute to variations in 
input impedance from band to band include the 
voltage on the final amplifier, the type of tube or 
tubes being used, the frequency involved, and the 
type of rf chokes used. 

matching 

I once had a Johnson Pacemaker 90-watt ssb 
transmitter. This unit could tune as high as 300 ohms 
on the output. I did not think any type of matching 
network to my linear was needed, but one day, while 
operating on 10 meters, I got a bad rf burn on my 
mouth when I came too close to the microphone. 
This led to an investigation of the input impedance, 
and I found on that particular transmitter it was only 
15 ohms on 28 MHz; the Pacemaker could not handle 
this low impedance at all. A simple pi-network was 
used, and when incorporated for other bands, I 
found I not only increased the output power, but I 
could also then switch immediately from high power 
to barefoot, a distinct advantage over the previous 
system. 

Various articles have been written regarding the 
use of networks between the exciter and the linear, 


and this is now standard practice for most commer¬ 
cial units. These usually have input networks in¬ 
corporated into the design, and are often adjustable 
if you wish to optimize them for a specific part of the 
band. They are usually switched automatically as you 
change the band selector. 



fig. 2. A typical pi-network. Rj is the input load, R L the 
output load. 

Such networks are usually made up of pi networks 
although a few use the more simple L-network. The 
pi network is usually preferred as greater control and 
uniformity are possible from band-to-band since the 
Q can be predetermined for consistent performance 
over a wider variety of impedances. The L-network is 
more simple, but it is also somewhat more difficult to 
adjust for optimum swr. 

L-networks have been covered adequately in other 
texts, 1 so only an example will be shown here (see 
fig. 1). Although this is a very simple circuit, it has 
several minor disadvantages. 

For one thing, in the L-network Q cannot be con¬ 
trolled, and is usually very low. Also, if the network is 
used for all hf amateur bands, the capacitor often has 
to be switched from one end of the coil to the other. 
Further, the L-network has very little exciter loading 
due to the low Q and it offers very little harmonic 
suppression. 

A typical pi network is shown in fig. 2. It offers 
predictable performance because the Q may be 
preselected. It also offers a good load for exciter 
stability, and can easily be used for all hf amateur 
bands. 

input impedance 

The input impedance of the network may be deter¬ 
mined by testing; use of formulas should be avoided 



fig. 3. A typical pi-network for transmitter matching. The 
switch selects the proper tap for the various bands; the 
second switch section may be used to switch in parallel 
fixed values on the lower frequency bands. 
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table 1. L network component values. Data is for matching a 50-ohm transmitter to a cathode-driven amplifier. The Q is set by 
the ratio of the input and output impedances and is shown for approximately the middle of each amateur radiotelephone band. 
The Q at the top of the band would be slightly less, at the bottom of the band it would be slightly greater. 
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50 

2B.5 


0.56 

125 

90 

0.9 

50 

1.9 

— 

8.38 

16 75 

100 

l .0 

50 

3.8 

-- 

4.19 

838 

100 

1 .0 

50 

7,2 

-- 

2.21 

442 

100 

1.0 

50 

14.2 

-- 

1.12 

224 

100 

1 .0 

50 

21.2 

•• 

0.75 

150 

100 

1.0 

50 

28,5 

-- 

0.56 

1 12 

100 

I .0 

50 

1.9 

-- 

8.4 J 

1529 

110 

1 . 1 

50 

3.8 

-- 

4.21 

765 

110 

1.1 

50 

7,2 


2.22 

404 

1 10 

l.l 

50 

14.2 

-- 

1.13 

205 

1 10 

1. 1 

50 

21,2 

-- 

0.75 

137 

1 10 

1.1 

50 

28.5 

** 

0.56 

102 

110 

1.) 

50 

l .9 


8.50 

1416 

120 

1.2 

50 

3.8 

*- 

4.25 

708 

120 

i .2 

50 

7,2 

-- 

2.24 

374 

120 

1.2 

50 

14.2 

-- 

1 . 14 

189 

120 

1.2 

50 

2) .2 

-- 

0.76 

127 

120 

i .2 

50 

28,5 


0,57 

94 

120 

1 .2 

50 

1.9 

... 

8.61 

MZ4 

130 

1.3 

50 

3.8 

-- 

4,30 

662 

130 

1.3 

50 

7,2 

-- 

2.27 

350 

130 

1.3 

50 

14.2 

-- 

1 .15 

177 

130 

1.3 

50 

21,2 

-- 

0.77 

1 19 

130 

1.3 

50 

28,5 


0.57 

88 

130 

1 .3 

50 

1.9 

-- 

8.74 

1249 

140 

1.3 

50 

3.8 

- - 

4.37 

624 

l 40 

1.3 

50 

7.2 

- - 

2.3 1 

330 

140 

1.3 

50 

14,2 

-- 

1.17 

167 

140 

1.3 

50 

21.2 

-- 

0,78 

1 12 

(40 

1.3 

50 

28.5 

"* 

0.58 

83 

140 

1.3 

50 

1.9 

.. 

8.88 

1185 

150 

1.4 

50 

5.8 

- - 

4.44 

5 92 

150 

1.4 

50 

7.2 

-* 

2.34 

3 13 

150 

1.4 

50 

14,2 

* - 

1*19 

159 

150 

1 .4 

50 

21.2 

-- 

0.80 

106 

150 

1.4 

50 

28.5 

*■ 

0.59 

79 

150 

1.4 

50 

1.9 


9.04 

1129 

160 

1 .5 

50 

3.8 

- - 

4,52 

565 

160 

(.5 

50 

7.2 

-- 

2.38 

298 

160 

1.5 

50 

14.2 

-- 

1.21 

151 

160 

1.5 


R1 

F 

Cl 

LI 

C 2 

R2 

OHMS 

MHZ 

PF 

UH 

PF 

OHMS 

50 

21.2 


0.6 1 

101 

160 

50 

28.5 

-- 

0.60 

75 

160 

50 

1.9 


9.19 

1081 

170 

50 

3.8 


4.60 

541 

170 

50 

7.2 


2.43 

285 

170 

50 

14.2 

- - 

1,23 

145 

170 

50 

21.2 

-- 

0.82 

97 

170 

50 

28.5 

““ 

0,6 1 

72 

170 

50 

1.9 

.. 

9.35 

1039 

180 

50 

3.8 

«« 

4.68 

519 

180 

50 

7.2 

-- 

2.47 

274 

180 

53 

14.2 

-« 

1,25 

139 

180 

50 

21.2 

- - 

0.84 

93 

180 

50 

28.5 


0.62 

69 

180 

50 

1.9 

-- 

9.51 

1001 

190 

50 

3.8 


4.76 

501 

190 

50 

7.2 

- , 

2.51 

264 

190 

50 

14.2 


1.27 

134 

190 

50 

21.2 


0.85 

90 

190 

50 

28.5 


0.63 

67 

190 

50 

1.9 


9.67 

967 

200 

50 

3.8 


4.84 

484 

200 

50 

7.2 


2.55 

255 

200 

50 

14.2 


1.29 

129 

200 

53 

21.2 

- - 

0,87 

87 

200 

50 

28.5 

— 

0.64 

64 

200 

50 

1.9 


9.83 

93 7 

210 

50 

3.8 

- - 

4.92 

468 

210 

50 

7.2 

— 

2.59 

247 

210 

50 

14.2 

-« 

1.32 

125 

210 

50 

21.2 


0.88 

84 

210 

50 

28.5 

-- 

0.66 

62 

210 

50 

1.9 


9.99 

909 

220 

50 

3.8 


5.00 

454 

220 

50 

7.2 

-•* 

2.64 

240 

220 

50 

14.2 


1.34 

122 

220 

50 

21.2 


0,90 

81 

220 

50 

28.5 

— 

0.67 

61 

220 

50 

1.9 


10.15 

883 

23 0 

50 

3.8 


5.08 

441 

230 

50 

7.2 

-- 

2.68 

233 

230 

50 

14.2 

— 

1.36 

118 

230 

50 

21.2 

-- 

0.91 

79 

23 0 

50 

28.5 

— 

0.68 

59 

230 

50 

1.9 


10.3 1 

859 

240 

50 

3.8 

*- 

5.16 

430 

240 

50 

7.2 

-- 

2,72 

227 

240 

50 

14.2 


1 .38 

1 15 

240 

50 

21.2 

— 

0.92 

77 

240 

50 

28.5 


0.69 

57 

240 

50 

1.9 


10.47 

83 8 

250 

50 

3.8 

-* 

5.24 

419 

25 0 

50 

7.2 

* - 

2.76 

22 1 

250 

50 

14.2 

-- 

1.40 

1 12 

250 

50 

21.2 

-- 

0.94 

75 

250 

50 

28.5 

-- 

0.70 

56 

250 


because the calculations rarely approximate the 
observed results. 

The easiest and quickest method of measuring in¬ 
put impedance would be to use a variable impedance 
bridge, such as the RX noise bridge.2 The ARRL 
Handbook also contains an excellent rf impedance 
bridge that may be easily built. These rf impedance 
bridges are basically a small swr bridge with a 
variable leg in the bridge so you can match the load 
impedance. 

When making the impedance measurement the 
high voltage must be on the amplifier, and the meter 
hooked as close as possible to the place the network 
will be added. 

There are probably no typical impedances, but as a 
general rule I have found that most amplifiers I tested 
fell in the neighborhood of 150 to 200 ohms on 80 


meters, and around 15 to 30 ohms on 10 meters. The 
rest of the bands came somewhere in between. In 
many cases 20 meters offers a fairly decent match to 
50 ohms with no network at all. 

If the input impedance is measured directly at the 
filament of the power tube it will be considerably less 
than 50 ohms on ten meters, and considerably more 
than 50 ohms on 80. The data shown below is for my 
own 4-1000A linear with 6000 volts on the plate. 


80 meters 
40 meters 
20 meters 
15 meters 
10 meters 


impedance 
at tube base 
(ohms) 
180 
1 55 
75 
50 
40 


impedance 
at network 
(ohms) 

100 

60 

22 

40 

65 


'Q ' 

QUAL, 


1.5 

1.5 

I .5 
1.5 
1.5 
1.5 
1.5 
1.5 


I .6 
l .6 
1.6 
1.6 
1 .6 
1 .6 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

1 . 8 

1.8 
1 .8 
1 .8 
1 .5 
1 .8 


l.B 
1 .8 
J .8 
1.8 
1.8 
1 .8 

1 .9 
1 .9 
1 .9 
1 .9 
1 .9 
1.9 

1 .9 
1 .9 
1 .9 
1 .9 
l .9 
1 .9 


2.0 

2,0 

2.0 

2.0 

2.0 

2.0 
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table 2. Pi-network component values. Data is for matching a 50-ohm transmitter to a cathode-driven amplifier. The Q has been 
chosen quite low to obtain broadband characteristics. The Q figure in the last column shows the worst-case condition at the 
bottom of the band using the inductance value shown. 
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7.0 

546 

1.42 

466 

90 
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133 
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88 
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160 
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50 

28.0 

79 

0.61 
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The amplifier uses a low-capacitance filament trans¬ 
former. The first column of figures is the impedance 
measured right at the tube base; the second column 
shows the impedance at the end of a 6-foot (1.8m) 
length of RG-58A/U where my matching network is 
placed. 

You can instantly see the futility in trying to cut a 
piece of coax to just the right length to provide pro¬ 
per matching on a number of different bands. This 
table also illustrates how unpredictable it would be to 
try to use a formula to find the impedance! 

In one rig I built, using a pair of 813s and a com¬ 
mercial FC-30 filament choke, the impedance varied 
widely: from 12 ohms on ten meters to over 200 
ohms on 80 meters. Replacing the commercial fila¬ 
ment choke with a homemade bifilar-wound unit 
gave results that varied much less, from about 30 
ohms minimum on one band to 130 ohms on 80 
meters. These figures are given only to illustrate the 


wide impedance variations possible from 3.5 through 
29 MHz, and are unlikely to be typical of what you 
may experience with your own particular amplifier. 

wattmeter method 

Many amateurs don't have access to an rf imped¬ 
ance bridge. You can still match the exciter to the 
amplifier, but it will take longer. The name of the 
game is low swr between the two units, so a watt¬ 
meter makes a good trial-and-error method of initially 
tuning the network. Once the settings have been 
found, you can mark them on the box and paste on 
tabs or use the sheet of paper I use. 

In this case you observe, from the computer 
charts, the approximate inductance and capacitance, 
and start out by setting the inductance somewhere 
near what you think would be appropriate. With 
about half-power on the transmitter, rotate the vari¬ 
able capacitors while observing the reflected power. 
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If it does not go to zero, tap up or down on the induc¬ 
tor and try again (the tap on the coil should be tem¬ 
porary until properly selected). This same technique 
is used on each different band. 

using a swr bridge 

This is the least desirable of the various methods. 
It will usually work, but is the most time-consuming 
of all and can be misleading. If you think you have 
gotten it just right, switch to the exciter barefoot and 
see if the antenna presents approximately the same 
load, plate current, output power, etc. without re¬ 
turning the exciter. This will provide a check on your 
accuracy, and is, of course, the desired end result 
anyway — the ability to switch from antenna to amp¬ 
lifier with similar results. 

network placement 

In commercial rf power amplifiers the matching 
network is usually quite near the tubes in the ampli¬ 
fier, and normally there is a separate network for 
each band. The appropriate network is switched in 
automatically with the band-selector knob. 

It is not at all necessary to have the networks in the 
same cabinet with the rest of the transmitter. You 
may find it considerably more convenient to install 
the network a few feet away from the amplifier 
where it can be changed quickly whenever you band- 
switch. This is the arrangement I have used success¬ 
fully for a number of years. I have a short piece of 
coax connecting the network to the input of the 
amplifier. The length of the coax is in no way critical, 
but once the network is adjusted, of course, the coax 
length should remain the same. 

A piece of paper was temporarily placed on the 
front panel of the enclosure, the correct settings for 
the various bands found, and the paper marked. 
Then a nicer looking paper was drawn up with mark 
ings for those settings, typewritten with the band- 
markings, and attached to the front panel. This 
allows very rapid setting of the network whenever I 
bandswitch, yet only one coil and two variable capa¬ 
citors are used. 

Other methods may come to mind that will work 
adequately for your purpose. Trying to put the net¬ 
works into the amplifier usually makes additional 
problems with regard to space, synchronizing with 
the bandswitch, etc. Thus, the remote installation 
may appeal to some of you who do not have space in 
the amplifier or the technical capability of providing 
mechanical selection when the bandswitch is 
rotated. 

components 

Even with 100-watts output, there is only about 1.4 


rf amps flowing. Consequently, rather small in¬ 
ductors, such as B8A/V stock can be used successful¬ 
ly. B&W type 3018 comes in 4-inch (10cm) lengths, 8 
turns per inch (2.5cm); the full 4 inches (10cm) is 9.4 
microhenries. B8A/V type 3014 is also 8 turns per inch 
(2.5cm), 3-inches (7.5cm) long, and 4.8 micro¬ 
henries. These should give you ideas, and a wide 
variety of similar inductances are available. 

Even with 100-watts output, the voltage across 50 
ohms is only about 70 rms. Almost any type of 
variable capacitor, including the common 365 pF 
broadcast type, will be more than adequate. You can 
easily find these for free from junker a-m radios of 
another era, and usually in gangs of two or three on 
the same shaft. 

You will probably want a bandswitch for the net¬ 
work. Any type of switch capable of handling small 
amounts of rf will be adequate, and the additional 
pole/poles may be used to switch in fixed values for 
the lower frequencies, if desired. Ceramic or steatite 
switches are recommended. 

Fixed capacitors should be rated for at least 150 or 
200 volts, and capable of handling rf currents. Mica 
transmitting types are excellent. Low-cost door-knob 
capacitors are also good and are usually capable of 
handling kilowatt outputs. 

Some commercial amplifiers use fixed capacitors 
and a slug-tuned variable inductor. Unless you have 
some means of determining the actual impedance to 
be matched, tuneup could be very time consuming, 
and fairly costly unless a large supply of capacitors 
suitable for rf is available. Also, many of the available 
slug-tuned inductors will not handle the amp or two 
of rf current without damage. 

summary 

Some method of matching the exciter's 50-ohm 
output impedance to the input of a linear amplifier 
should be offered. A good, simple but effective 
method is to build a single, variable pi-network and 
place it in a convenient place a few feet from the am¬ 
plifier. A rf wattmeter may be used for initial tuneup, 
and simple markings placed on the box containing 
the network so rapid band changes can be made. 
Tables are included for both pi networks and L-net- 
works. These were computer-derived and include 
values for 1.9 through 29.7 MHz. 
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introduction to 

operational amplifiers 


Operational amplifiers 
have invaded 
amateur radio — 
here are the basic facts 
on their theory, 
selection, and application 


to some applications you'll find useful around your 
amateur station. 

typical circuit 

The input stage of the op amp is a high-impedance 
differential voltage amplifier. This is followed by 


R r 



o 


O 


If you have been keeping up with the current elec¬ 
tronics literature, you've surely seen articles on the 
integrated circuit operational amplifier. Perhaps 
you've wondered just what it is and what it can do 
for you. The fact is, it can do just about anything you 
wish, and do it better than conventional circuits. 

Tube versions of the op amp have been around for 
a long time. They were originally used in analog com¬ 
puters to perform mathematical operations such as 
addition, subtraction, and averaging. The main 
objection to these circuits was their huge physical 
size. Recent advances in solid-state technology have 
produced op amps at very reasonable cost with ac¬ 
tive elements formed on a single chip of silicon. A 
complete amplifier now occupies less space than 
many of the discrete components used in the original 
vacuum-tube operational amplifiers. 

The 1C op amp is so useful in amateur radio appli¬ 
cations that I've prepared this article to acquaint you 
with it. The first part of the article discusses some of 
the more popular circuits and gives the equations 
describing the relationship between input and out¬ 
put. Then comes a description of the op amp's gain 
characteristics. The last part of the article is devoted 



o 

fig. 1. Typical operational amplifier circuit, (A), and block 
diagram of its three stages (B). Many arrangements of feed 
back elements are possible. 

other voltage amplifiers. The output stage is a low- 
impedance power amplifier. 

Fig. 1 shows a typical circuit. Resistor Rj feeds the 
output to the negative input, which is sometimes 
called the summing junction. The negative input is 
isolated from the driving signal, by resistor R if 
which represents the circuit's input resistance. The 
negative input is 180 degrees out of phase with the 
output and is at ground potential. Under these condi¬ 
tions, no current flows into the amplifier, because 

By Donald W. Nelson, WB2EGZ, 9 Green 
Ridge Road, Voorhees, New Jersey 08043 
(reprinted from the November, 1969, issue of 
ham radio). 
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current in /2y and R f is equal and opposite. Ohm's law 
says that the output voltage, E (t , is related to the in¬ 
put voltage, E„ in the same proportion as the values 
of Rf and R r The negative sign in the equation of fig. 
1 means that the phase has shifted 180 degrees. 

definitive examples 

The following op amp circuits are ideal representa¬ 
tions. Nothing is perfect, of course, but I've used 
examples of a perfect amplifier to provide definitive 
examples. A perfect amplifier would have these 
characteristics: 

1. Infinite open-loop gain. 

2. Infinite input impedance and zero output 
impedance. 

3. Zero response time (the output changes simulta¬ 
neously with changes in input). 

4. Zero offset. With no voltage between the input 
terminals, the output voltage will be zero. 


*t 



fig. 3. Other examples of op amp voltage amplifiers. A volt 
age follower is shown in (A), current-to-voltage transducer, 
summing amplifier, and difference amplifier are shown in 
(B). (C|, and (D). 


The important things to remember about these 
characteristics, which are called summing junction 
restraints, are: 

1. No current flows at either positive or negative 
input. 



fig. 2. Three common op amp circuits. An open-loop circuit 
is shown in (A), useful as a voltage comparator. The cir¬ 
cuits in (B) and (C) are inverting and non-inverting am¬ 
plifiers. 

2. Both inputs are at the same potential. 

open-loop operation 

No feedback is used in the circuit of fig. 2A. The 
amplifier is running wide open. If the input is other 
than zero, the amplifier will be driven into saturation. 
An op amp isn't often used in the open-loop mode 
because of practical considerations. One use, 
however, is in a voltage comparator circuit. If two ac 
voltages are applied to the input, the open-loop 
amplifier will follow their potential difference. As the 
voltage on the positive terminal changes from that on 
the negative terminal and vice versa, the amplifier 
will swing as far as its supply will allow. 

inverting and noninverting amplifiers 

Two widely used arrangements of the op amp are 
illustrated in figs. 2B and 2C. In the circuit of fig. 2B 
(which is the same as that of fig. 1), the output 
signal is inverted with respect to the input. If a 
square-wave, for example, with positive-going 
pulses is applied to the input, the output pulses will 
be negative. Gain will be proportional to Rj and R t . 
The sign in the right-hand member of the transfer 


march 1978 03 49 




The Philbrick-Nexus USA4JT ‘'grandpappy of op amps.'' 
Very few amplifiers can match its performance. However, 
this fine unit has been retired to the back shelf because of 
its large size, aging characteristics, and high power con¬ 
sumption. 


function (relationship of input to output) will be 
negative because of the 180-degree phase reversal. 

In the noninverting circuit of fig, 2C input and out¬ 
put are in phase, which accounts for the plus sign in 
the equation. 

voltage follower 

A variation of the noninverting amplifier, the 
voltage follower, is shown in fig. 3A. Note that the 
output is connected to the negative input. The 
positive input is driven directly by the input signal, E r 
Output is equal to input: a unity-gain amplifier. This 
circuit is used for following voltage references. The 
limitations of the cathode follower (or emitter 
follower in transistor circuits) are minimized. 




o 




fig. 4. Voltage waveform integration and differentiation 
may be performed by (A) and |B). These circuits are used for 
precise filtering. 


transducer, adder, subtractor 

The circuit of fig. 3B is a current-to-voltage 
transducer. It can be used to drive a meter, recorder, 
or other voltage-operated indicating instrument from 
limited current sources. 

Voltage inputs are added directly in the summing 
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fig. 5. Gain-bandwidth characteristics of uncompensated 
amplifier. Instability occurs as gain attenuation exceeds 18 
dB/octave because of 180° phase lag. 
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fig. 6. Bode plot of compensated amplifier. Response is 
limited so that 180 (> phase shift occurs before unity gain is 
reached. 


amplifier of fig. 30. The op amp is shown here in one 
of the operations for which it was originally used. 
Each input may be weighted by using different 
resistor values. Input weighting is proportional to the 
gain of the particular input: £; will have a weight of 2 
if Rj=2k and R } = Ik. If R 2 = 500 ohms , E z will have a 
weight of 4. 

The circuit of fig. 3D is sometimes called a bal¬ 
anced input amplifier or symmetrical subtractor (dif¬ 
ference amplifier). It's used when neither side of the 
signal being amplified is at ground potential, as 
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across a current-sensing resistor. Other inputs may 
be added where inputs to the negative terminal are 
additive, and those to the positive terminal are sub¬ 
tractive. 

integrator and differentiator 

By using a capacitor in the feedback loop (fig. 




fig. 7. Compensating by bypassing. As capacitor values in¬ 
crease, (A), amplifier open-loop response moves to the 
left. (B). 



fig. 8. Response limiting at amplifier output. Capacitive 
compensation, (A), or the RC network in IB) are frequently 
used to supplement input compensation. 


4A), the op amp may be used to integrate voltage 
waveforms. When the capacitor is in the input, fig. 
4B, the signal is differentiated. Both differentiator 
and integrator, as shown, are purely theoretical. 

practical limitations 

Most errors in a practical operational amplifier with 
known characteristics can be calculated. If the 
amplifier is properly chosen for a particular applica¬ 
tion, these errors may be negligible or can be com¬ 
pensated. With an understanding of amplifier gain, 
frequency response, and phase shift, you'll be able to 
apply compensation methods to tame the op amp of 
your choosing. 



fig. 9. Compensation for op amps with discrete compo¬ 
nents. Input loading, stray wiring capacitance, and output 
loading must be compensated. 


Several definitions of gain must be understood: 

1. Open-loop gain. This is the ratio of output-to- 
input voltage at any frequency. No feedback is 
used. Typical open-loop gains are from 10 4 to 10 9 
in commercially available amplifiers. 

2. Closed-loop gain. When feedback is used, the 
amplification is called closed-loop gain. For 
reasons to be discussed, closed-loop gain is rarely 
less than unity. 

3. Loop gain. This is the difference between open 
and closed-loop gain. Usually, errors are minimiz¬ 
ed with greater loop gain. 

Characteristics such as gain attenuation with fre¬ 
quency (also called roll-off) and phase shift, which 
are common to all amplifiers, are especially important 
when considering operational amplifiers. As men- 



fig. 10. Compensation for dc offset error in an inverting 
amplifier. Adjustable current offset compensation is shown 
in (A); drift-compensating resistor in (B). 
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fig. 11. Drift com¬ 
pensation in a non¬ 
inverting amplifier. 
Input voltage swing 
is a limitation; R f is 
now the input 
resistor. 



tioned previously, phase shift through the amplifier 
must be less than 180 degrees when feedback is 
employed. Any additional phase shift must be com¬ 
pensated, or the circuit will oscillate. 

In fig. 5, gain-bandwidth characteristics are 
shown for an uncompensated amplifier (not 
necessarily typical). The phase shift (lag) increases as 
the gain is affected by feedback. The amplifier 
becomes unstable when the roll off exceeds 18 
dB/octave because of the 180-degree phase lag. In 
well-designed amplifiers, this limit occurs below 
unity gain. Even with compensation, the amplifier 
can't be controlled when 18 dB/octave is reached; 
therefore, operating below unity gain is usually im¬ 
practical. Some amplifiers may be difficult to control 
at gains slightly above unity. 


pie. If the bypass capacitors (fig. 7A) are increased 
in value, the amplifier open-loop response will shift to 
the left (fig. 7B). 

As the Bode plot shows, the high-gain, high-fre¬ 
quency characteristics are very limited with this con¬ 
figuration. The simple addition of a series resistor 


CORRECT ROUTING 



Jp- POWER SUPPLY GROUND 
^ SIGNAL GROUND 
/) 7 CHASSIS GROUND 
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NOTE CHASSIS GROUNO 
MAY BE CONNECTED TO 
SUPPLY GROUND 8Y A 
CAPACITOR OR RESISTOR 


compensation 

Amplifier compensation will limit frequency 
response, but roll-off and phase shift will be con¬ 
trolled. A plot of a compensateed amplifier's 
response is shown in fig. 6. This type of presentation 
is called a Bode plot; it illustrates the limited gain roll¬ 
off (rate of closure with the unity-gain point in the 
frequency response of the amplifier). 

Most op amp data sheets give enough information 
to make a Bode plot. This will allow you to analyze 
the results of intended compensation. The Bode plot 
is the easiest way of showing the characteristics of 
compensation. 

The simplest way to stabilize an amplifier in which 
a large amount of feedback is used is to bypass some 
signal point in the circuit. 1C op amps such as the 
RCA CA3047 and Fairchild /xA702 have terminals 
specifically provided for this. Fig. 7 shows an exam- 



fig. 12. Increasing current output. If output current capa¬ 
bility is too low, a booster amplifier can be used to reduce 
output impedance. 


INCORRECT ROUTING 



O 

fig. 13. Correct routing (A), and incorrect routing (B), of load 
return in an op amp layout. Incorrect routing will cause an 
error in reference voltage. 


with the bypass capacitor will yield greater band¬ 
width. 

Output limiting is another popular form of com¬ 
pensation (fig. 8). Amplifiers such as the Fairchild 
/tA709 have a special terminal just for this purpose 
(fig. 8 A). The technique of fig. 8 B is also useful. 
Output compensation is frequently used to supple¬ 
ment some form of Input compensation such as that 
suggested in fig. 8 A. While every compensation 
problem is unique, we may generalize and say that 
the compensations shown above are required by the 
peculiarities of integrated circuits. 
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Amplifiers using discrete components are inter¬ 
nally compensated to a degree. With discretes, the 
main compensation is for output loading, C stray 
wiring capacitance, and input loading, C r Compen¬ 
sation techniques are shown in fig. 9. This is by no 
means the last word in compensation; it's only in¬ 




fig. 14. Complete circuits for the basic inverting amplifier, 
IA), and non inverting amplifier, (B). Gain of non-inverting 
ac circuit is approximately 10 and may be trimmed for pre¬ 
cise gain. 

tended to help you when some published circuit 
won't work. 

offset error 

Among the imperfections of a practical op amp is 
the mismatch of components that prevents the 
amplifier from having exactly zero output with zero 
input. This may well be the most serious problem 
you'll encounter in dc operation of a high-gain ampli¬ 
fier. The basic compensation methods are shown in 
fig. 10. 

input/output limitations 

Input impedance and voltage swing generally may 
be neglected in the conventional inverting amplifier 



fig. 15. Typical adder. Offset compensation is similar for all 
computing circuits. 

shown in fig. 10. The input impedance will be equal 
to the input resistor, R it because the input is a virtual 
ground. The amount of drift may be considered a 
limitation of input. The simplest compensation for 
this is shown in fig. 10B, where a resistor is used in 
the positive input. 

Drift may be compensated similarly in a nonin¬ 
verting amplifier as shown in fig. 11. The difference 
here is that R c is now the input resistor. In this cir¬ 
cuit, the input voltage swing is a limitation. This is 
called "common-mode voltage swing" on the data 
sheet. 

Output impedance, being some value greater than 
zero, will introduce small circuit errors. It is desirable 
to keep Z out low. This may be done by using the 
greatest loop gain possible. A booster amplifier also 
reduces Z oul although such an addition probably 
wouldn't be considered unless the output current 
capability is too small. The most common current 
booster is the pass transistor in a precision power 
supply as suggested in fig. 12. 

Beware of the limitation of output voltage swing, 
especially in 1C amplifiers. This is a luxury that closely 
relates to the price of the op amp. The 30-volt p-p 
capability of RCA's CA3047A is high for an 1C. 

One input error that's elusive — at least to me — is 
the common-mode error. Variously defined, this 
error arises from the effect of a change in one input 
on the signal fed to the other input. Common-mode 


Rf*IOk 



R f *IO* 


fig. 16. Adder-subtractor. Large values of feedback resis¬ 
tors will result in a gain greater than unity. 
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A noteworthy successor to the best tube op amps is the 
Fairchild AOO-7. It features discrete components, built-in 
compensation, and chopper stabilization. 


error is smallest when the common-mode rejection 
ratio is high. This error is important when differential 
inputs are used, or when the amplifier is operated in 
the noninverting mode. * 

Always look for the least-expensive amplifier that 
will satisfy your requirements. Some suggestions to 
guide the newcomer are outlined below. 

1. High loop gain is desirable. Usually this implies 
the need for high open-loop gain. 

2. Sufficient output voltage swing and output cur¬ 
rent to the load must be considered. 

3. Offset voltage and drift must be checked for com¬ 
patibility with your circuit. 

4. Offset current is particularly important in circuits 
such as the current-to-voltage converter. 

'Slewing rate is another limitation of practical op amps. Briefly, it is the 
maximum rate ol change of output voltage with time. It must be considered 
when pulses of fast rise time are employed or high frequency, high level 
sine wave signals must be processed. It also is a limitation to using opera 
tional amplifiers at high frequencies A thorough treatment of this 
parameter would be quite lengthy; however, a careful examination ol the 
Bode plot will show slewing rate will change with compensation. Interested 
readers will find a discussion related to an integrated circuit op amp 
IMC 15301 in I he Motorola Integrated Circuit Handbook , 1968 edition, 
p. 10 74. Editor 


ff r t\t£G 



fig. 17. Weighted adder. The sum of the inputs is a function 
of the feedback resistor; and any reasonable combination 
of R f and R t is permissible. 


5. Common-mode voltage is important for nonin¬ 
verting and dual-input circuits. 

6. Power-supply ripple, drift; and regulation are 
most important when the supply is used as a 
reference. However, all op amps work better with 
a high-quality supply. 

The best over-all performance in op amps is obtained 
from those using discrete components — in fact, 
tube types. The least expensive and most interesting 
to experimenters are the integrated-circuit op amps. 
Despite their low cost, performance is excellent. 






o 


fig. 18. Integrator (A), and differentiator circuit IB). Double 
amplifier symbol in (A) denotes chopper stabilization re¬ 
quired because of offset error due to 


If you understand the parts of this article dealing 
with the ideal operational amplifier and the limita¬ 
tions of practical circuits, you're almost ready to 
warm up your soldering iron. First, however, I'd like 
to give a few precautions on layout and choice of 
components. 

capacitors and bypassing 

Poor layout in an op amp circuit may cause its 
response to peak at the higher frequencies. Under 
certain conditions, oscillation will result. The prob¬ 
lem can exist even with a neat layout. In stubborn 
cases, peaking may he cured with a mica bypass 
capacitor (try 100 pF) directly at the noninverting in- 
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put. This is appropriate only for an inverting ampli- 
tier. The problem is rare when the amplifier is used in 
the noninverting mode. 

More frequently, oscillation results from improper 
bypassing in the power supplies. A 0.1 -fx? capacitor 


* 




fig. 20. Examples of the multivibrator. Circuit at (A) is free- 
running, or astable; (B) is a bistable multivibrator, or flip- 
flop. Monostable, or one-shot, is shown at 1C). 


on each power-supply lead at the amplifier socket is 
good practice. Low-inductance, laminated ceramic 
capacitors are perfect for this. 

Capacitors can be critical in some circuits where 
low leakage is important. Dura-mica types are excel¬ 
lent for compensation purposes. High values and 
higher precision, such as would be required for tim- 


fig. 19. The Wien 
bridge oscillator. The 
circuit is temperature 
sensitive; stability is 
improved by the 
lamp, which operates 
at low-current level. 



ing circuits, will call for Mylar or Polystyrene 
capacitors. 

resistors and diodes 

The giant called loop gain, which is restrained by 
an operational system, will create problems when 
noise and unwanted reactances exist. Therefore, cer¬ 
tain precautions must be observed with respect to 
other circuit components. 

Resistors must be chosen with care in systems 
where accuracy depends on the resistor. Wirewound 
resistors have low noise and excellent stability. 
However, they have the largest shunt capacitance 
and series inductance of all types. Also they're not 
usually available in values above one megohm, and 
they're expensive. 

Carbon composition resistors shouldn't be used 
where high stability is required, such as in the input 
and feedback circuits. Although they produce noise, 
these resistors are inexpensive and are satisfactory in 
less critical parts of the circuit. 

Metal film resistors have excellent characteristics 
and provide a good compromise between the wire- 
wound and composition types. Their upper range is 
ten megohms. Higher resistance values are available 
from Victoreen and Pyrofilm in the form of glass- 
enclosed, deposited-carbon construction. While 
there's little choice in precision resistors above ten 
megohms, you should be aware that some high- 



fig. 21. Staircase generator. Ramp output results if a dc 
signal is applied to pin 11 through a resistor. 
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fig. 22. Phase shift 
network for system 
stabilization. Lead 
and lag compensa¬ 
tion are shown. 


R, * 10k R f * lOk 



resistance types are voltage sensitive. They're not 
precise at voltages other than their test voltage — 
usually 10 volts. Be careful not to get dirt or perspira¬ 
tion on these, as it may reduce their resistance. 

Clamping diodes are frequently used in op amp cir¬ 
cuits. Low-leakage, low-capacitance diodes such as 
the 1N914 or 1N457 types should be used. A (ever use 
germanium diodes unless the leakage allowances are 
high enough. 

triple grounds 

Three grounds should be used: signal ground, 
power-supply ground, and chassis ground . This 
triple grounding technique is essential to minimize 
voltage drops that would create system errors. At 
some point, all grounds may be connected, but not 
necessarily. Consider each system with respect to 
the voltage drops that will develop. For example, 
with high output current (load current), the load 
return to power supply ground must be direct. The 
reference signal, using signal ground, must not be 
transmitted through the same wire. Fig. 13 illustrates 
some basic grounding techniques; however, the 
subtleties of the ground loop aren't always easily 
controlled. A little experimentation with the 
preceding concepts in mind could lead to a better 
solution. 

compendium of op amp circuits 

I've devoted the remainder of this article to a 
description of some of the more common applica¬ 
tions for the operational amplifier. These circuits are 
just a starting point. I'm sure that ham ingenuity will 
result in many more interesting variations. Who 
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knows? Perhaps someone will adapt one of these cir¬ 
cuits to a communications problem and revolutionize 
the industry. In any event, I hope these ideas will in¬ 
spire more experimentation. If you come up with a 
new use for the op amp, the market is wide open for 
your ideas. 

basic computer circuits 

While basic computing circuits may not be your 
idea of a construction project, such applications of 
the op amp serve to identify what follows. As a mat¬ 
ter of fact, with a little thought and planning, these 



fig. 24. Precision ac amplifier. Gain is 70 dB; input impe 
dance is 200 megohms. 


circuits might be just the thing for a science fair 
presentation. 

To recap, the basic inverting and noninverting op 
amps are shown in fig. 14 with all the component 
values. You'll recall that the inverting amplifier shifts 
the phase of the input signal 180 degrees; that is, a 
positive-going input produces a negative-going out¬ 
put. The output signal will be in phase with the input 
in the noninverting amplifier. 

Typical compensation is shown in the circuits of 
fig. 14. The following circuits are simplified. Com¬ 
pensation and proper bypassing are essential, of 
course. The RCA CA3047 is inexpensive and alto¬ 
gether adequate for the applications shown. 

An adder is shown in fig. 15. The offset network is 
typical for all computing circuits. An alternate would 
be a voltage offset circuit, which is usually con¬ 
nected to the positive input . The currents from these 
three inputs are summed, and the negative of this 
sum appears at the output. Feedback at the negative 
input means that the input is a virtual ground, so the 
three inputs are effectively isolated, and no interac¬ 
tion exists among them. 

An adder-subtractor circuit is shown in fig. 16. 
Note the equation of the circuit: the output voltage 
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equals the sum of the noninverting inputs minus 
those on the inverting inputs. Thus, we have a sub¬ 
tracting circuit. By making the two resistors in the 
feedback circuit larger, greater-than-unity gain may 
be obtained. 

If we change resistor values, a weighted adder 
results, as shown in fig. 17. The feedback resistor 
value affects the sum of the inputs. The weight of 
the adder is proportional to input gain, which is 
determined by the feedback resistor. 

Other mathematical operations in computers are 
integration and differentiation. The former is used to 



fig. 25. Low-noise tape head amplifier. Matched transistor 
pair reduces noise and increases input impedance. 

find the area under a curve; the latter determines the 
slope of a curve at any point. In the integrator of fig. 
18A, an fet input amplifier should be used because of 
the error caused by bias current. Also the capacitor 
leakage must be very low — 1 nanoamp or prefer¬ 
ably, less. 

Gain response of the integrator is maximum at the 
low frequencies and decreases linearly with increas¬ 
ing frequency. Amateur application of such a circuit 
would be in a lowpass filter following a speech clip¬ 
per to attenuate harmonics. 

In the idealized differentiator, gain increases in¬ 
definitely with frequency. To eliminate high- 
frequency noise problems, gain limiting is provided 
by Rj in the circuit of fig. 18B. This circuit is also 
useful for filter applications; frequency response is 
determined by the RC constants according to the 
equations shown. 

oscillators and waveform generators 

Of the many operational amplifier circuits used in 
computers, probably the most popular amateur 
adaptations are oscillators and their close relatives, 
the multivibrators. 


O.l 



fig. 26. Logarithmic amplifier. Circuit operates over a fre¬ 
quency range of six decades. 

If you need an oscillator with an unusually pure 
sine wave output, the Wien bridge 1 circuit in fig. 19 
is a good candidate. It is inherently temperature 
dependent, however. In the circuit shown, stability is 
improved with a lamp operating at very low current. 

The multivibrator circuits in fig. 20 have appeared 
in various forms in many amateur publications. 
They're used in electronic keyers, frequency 
counters, square-wave generators, and a host of 
other circuits where a controlled signal source is 
required. 

The circuit of fig. 20A is an astable, or free- 
running multivibrator. Its uses include a timing-pulse 




fig. 27. Lossless ac meter circuits, A high-impedance dc 
meter is preferred for the millivoltmeter circuit, (A); a low- 
impedance meter should be used in the milliammeter cir¬ 
cuit, (B). 
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generator, or clock, in counters. Feedback to the 
positive input is called "bootstrapping." This 
effectively increases circuit gain until it approaches 
infinity. 

The bistable multivibrator {fig. 20B) has two stable 
states, each of which changes only when triggered 
by a pulse of opposite polarity. This circuit is used as 
a memory storage, counter, or shift register in com¬ 
puters. Its principles are often used in amateur cir¬ 
cuits with little or no modification. 

The monostable multivibrator, fig. 20C, is also 
called a one-shot. It has one stable state, which can 
be changed by an external pulse. It will then return to 
its original state after a time period determined by its 
RC constants. The one-shot is used for a time delay 
or to produce a pulse of specific width when trig¬ 
gered. 



fig. 28. Ac-to dc converter. Circuit has an input range from 
6 mV to 6 volts rms at 10 to 1000 Hz. Amplifier is a Burr* 
Brown 1C. 


An application where the integrator feedback 
capacitor is allowed to charge is shown in fig. 21. 2 
During a finite period, the input pulses will add 
algebraically until the amplifier saturates. When the 
switch is closed, the output returns to zero. The cir¬ 
cuit shown generates a staircase waveform; it can be 
used as a ramp generator if a dc signal is applied to 
pin 11 through a resistor. Successively opening and 
closing the switch would give a sawtooth output. 
Systems frequently require phase compensation for 
stability. Precise adjustment may be made with the 
technique shown in fig. 22. Adjustable lag is ob¬ 
tained by changing the input bypass capacitor; lead 
adjustment is provided by varying the feedback 
resistor. Resistors Rj and R 2 may be necessary to 
stabilize the system. 

amplifiers 

In addition to the basic amplifier circuits previously 
shown, I've included some useful variations. 

The circuit of fig. 23 is often used in dynamic 
instrumentation such as vibration measurements. It's 
a high input impedance amplifier using a crystal as a 



fig. 29. Timing control circuit. Minimum delay is determined 
by maximum delay is infinite. 


transducer. 2 A possible adaptation for amateur use 
would be a crystal microphone preamp. 

The amplifier in fig. 24 has a gain of 70 dB and an 
input impedance of 100 megohms. 3 Diodes are used 
to prevent latch-up. Because of the high-frequency 
characteristics (100 kHz) with the compensation 
shown, special attention should be given to layout 
and power-supply decoupling. 

The tape-head amplifier 3 of fig. 25 uses a matched 
pair of 2N3726s to reduce noise and increase input 
impedance. Despite the fact that it uses no input 
resistor (purists may object to classifying this circuit 
with op amps), the circuit does suggest a technique 
for improving common-mode rejection and increas¬ 
ing the common-mode range for any op amp. 

A widely used instrument is the log amplifier (or 
log converter). It has the capability of compressing 
input voltage ranges of several decades into a useful 
linear range. Some uses for this circuit (fig. 26) are in 
filter measurements, leakage measurements, and as 
a computer power-function generator. The amplifier 
shown uses a diode-transistor combination in the 
feedback circuit to achieve the conversion function. 4 
Both current and voltage offsets are required for op¬ 
eration over a 6-decade input range. With an input of 
0.13mV to 100 volts, the output is from 220 to 580 mV. 

Fig. 27 shows two lossless ac meter circuits. The 
millivoltmeter circuit, A, uses an op amp to compen¬ 
sate for diode, resistor, and meter losses. The 



fig. 30. A power supply that provides up to 200 mA between 
1 and 15 volts. Regulation is better than 0,01%! 
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fig. 32. The op amp in a filter circuit. Filter in the feedback circuit yields an output with response 
characteristic of the filter element. 


response time, which is usually low, can be increased 
by increasing either the meter series resistor, R s , or 
the averaging capacitor, C. 

The current-sensitive counterpart of the 
millivoltmeter, shown in fig. 27B, has zero drop 
across its terminals. Limiting diodes at the input 
should have very low leakage. No charging capacitor 
is necessary, because the current is averaged by the 
meter. Low-impedance dc meters are practical in this 
circuit, whereas the millivoltmeter performs more ef¬ 
ficiently with a high-impedance meter. 

In measurement and control circuits, it's frequent¬ 
ly necessary to convert ac to dc. The circuit of fig. 28 
using Burr-Brown amplifiers 1 consists of a full-wave 
rectifier and a filter. 

The time delay circuit in fig. 29 requires an ampli¬ 
fier with a high-impedance input such as that pro¬ 
vided by an fet. The Burr-Brown 3521H is such an 
amplifier. Of the many uses for this circuit in amateur 

INPUT 



fig, 31. Voltage reference source. Regulation is 0.01 mV/V; 
temperature stability is ± 0.5% from 55° to 125°C. 


applications, an example would be to control timing 
of voltage turn-on in a power supply. Circuit re¬ 
sponse time would be limited by relay action. 

The Motorola MC1539 op amp is the center of 
precision in the circuit of fig. 30 5 . This supply pro¬ 
vides up to 200 mA at any voltage between 1 and 15 
volts. Regulation is better than 0.01%. The unusual 
reference supply consists of a constant-current diode 
{type 1N5287) and a 50 kilohm potentiometer. 

The amplifier has a gain of 120,000, so it won't 
load the reference. Note that output compensation is 
between pins 5 and 6, and input compensation is be¬ 
tween pins 1 and 8. The circuit is protected against 
burnout from short circuits. 

voltage reference 

A more sophisticated reference supply uses its 
own op amp, a National Semiconductor LM101 (fig. 
31 ). 6 The 1N827 reference diode is temperature com¬ 
pensated. Regulation is 0.01 mV/V, and temperature 
stability is ±0.05% from -55°C to 125°C. Short- 
circuit protection for the reference is provided inter¬ 
nally. The LM101 needs only one compensating 
component, the 33-pF capacitor {the commercial 
version is the LM301A). (f you'd like an alternate cir¬ 
cuit, see National Semiconductor LM343 op amp 
datasheet, ±65 V output! 

active filters 

A nice thing about active filters is that you don't 
need inductors to achieve near-ideal mathematical 
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fig. 33. A Twin T filter 
for use in an op amp 
circuit. Bandpass is 
1000 Hz; with input 
and feedback resis¬ 
tors of 10k and 100 
the gain would be 10. 
The product C ,R , 
should be greater 
than twice CR . 


R f * iOOk 



response characteristics. Another good feature is 
high input impedance, which means that matching is 
not a consideration.* While compensation for the 
operational amplifier is necessary, filter reactance 
trimming is not. Once you've calculated component 
values for a specific response, you're done. 

A circuit that's easy to understand is shown in fig. 
32. A fil ter in the feedback circuit of a conventional 
inverting amplifier yields an output with the response 
characteristic of the filter. 

A possible filter is the Twin T shown in fig. 33. A 
1000 Hz bandpass filter is in the basic circuit. If 
R t -10k and Rf~100k t the gain will be 10 at 1000 
kHz. The Twin T is one of the simplest (first order) 
filter elements; however, it has relatively low Q, so 
don't expect miracles from it. 

The circuit of fig. 34 may be used with an active 
high pass, or low pass, or rejection-notch filter by in¬ 
serting the appropriate filter element. Reference 7 
provides more information for active filter designs. 

Another practical approach toward building an 
improved filter is to precede a conventional filter with 
an op amp follower (fig. 35). This circuit eliminates 
filter input loading problems. Although resistor R is 
chosen to equal the filter input impedance, the resis¬ 
tor is really used to match the input of the preceding 
stage. The input impedance of the op amp is 
arbitrary. 

A follower on the filter output would be useful if a 


varying load is used. The purist will argue that this 
isn't a true active filter. I'm willing to concede the 
point, but I hasten to add that it's a handy technique. 

I encourage the amateur to take it from here. 

a parting thought 

I've presented some basic data on one of the most 
interesting and challenging products of modern 
solid-state technology. The circuits shown are the 
most commonly used, but by no means do they 
cover the entire field of possible applications. 

If you wish to adapt these circuits to your needs, a 
good grasp of op amp theory is essential; the 
material listed in the references will supplement that 


R 



fig. 35. Preceding a conventional filter with an op amp fol¬ 
lower to eliminate input loading. Input impedance of am¬ 
plifier is arbitrary, as explained in the text. Resistor R should 
equal the input impedance of the filter. 


in the first part of this article. Some possible projects 
that come to mind are: 

1. An ultra-stable oscillator (for system synthesis). 

2. A precision filter for selective calling. 

3. A high-impedance meter for measurement of hj e 

or gfs- 

4. A precision digital power supply. 

5. Science Fair computer projects. 

I'm sure you've thought of a few projects, too. 


'True for this circuit, but not for controlled source and negative immitance 
converter techniques. Editor 



fig. 34. Preceding a conventional filter with an op amp fol¬ 
lower to eliminate input loading. Input impedance of ampli¬ 
fier is arbitrary, as explained in the text. Resistor R should 
equal the input impedance to the filter. 
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an 1C op amp update 


Following the work 
of Nelson, 
Author Jung 
brings you up to date 
with state-of-the-art 
1C operational 
amplifiers 

The first operational amplifier article in this issue 
discussed the fundamentals of op amp design 
theory, some specs, and also earlier representative 
examples. Although there has been a great deal of 
new device activity since that article was originally 
published, take heart; it can all be sorted out. In this 
update article I'll discuss a number of different com¬ 
munication related applications for op amps, with at¬ 
tention directed to which device to choose for opti¬ 
mum performance, for a given application. The em¬ 
phasis will be on the simple and straightforward 
devices, their uses, and limitations. 


As a starting point, what is the standard in 1C op 
amps? It has to be said that for a general purpose 
device, it is the 741. General purpose has come to 
mean a unit which can be used with ±5V to ± 18V 
(dual) or + 10V to +36V (single) supplies. In addi¬ 
tion, it has a small-signal bandwidth of 1 MHz, a slew 
rate of 0.5 V/juS, input bias currents of 100 nA or 
less, and an offset voltage of 2 mV, all of these specs 



fig. 1, Standard pinout diagram for 8-lead 1C op amps. When 
shown in a schematic diagram, the power connections are 
always mandatory, though sometimes they may just be 
implied. The offset null connections are not 100 per cent uni¬ 
versal, and therefore the individual data sheets should be 
consulted. 

being typical. There are probably a hundred or more 
1C op amps which can meet this definition. However, 
I'll concentrate on the more common and readily 
available types (table 1). 

Fig. 1 shows what has now become the standard 
pinout for single 1C op amps. You'll note that the pin 
numbers marked on the leads correspond to the 8- 
pin (round can or mini-dip) configuration. The 5 

By Walter Jung, 1946 Pleasantville Road, 
Forest Hill, Maryland 21050 
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pins, exclusive of the offset pins, are the absolute 
minimum required for op amp connections, and you 
cannot make a circuit work without all of them. 
Power pins (V + and V - ) are always there, although 
in some drawings they may only be implied for sim¬ 
plicity. 

A 741 can be made to function in about 90 out of 
100 op amp circuits, so it's a handy device to have 
around. For basic experiments and study, it is easily 
the best device since it's essentially foolproof. You 
don't have to bother with compensation components 
either, because it is internally compensated. Other op 
amps (such as the 709, 748, and 301 A), use addition¬ 
al external compensation components. If you have 
some of these on hand, they also can be used in 
many of the following circuits (if the devices are 
compensated for unity gain as shown in fig. 2). Gen¬ 
erally though, other devices mentioned will all be in¬ 
ternally compensated, unless otherwise noted. 

Standard op amp power supply voltages are ±15 
volts, but this is not a very rigid requirement. If you 
have a balanced dc power supply providing between 
± 5 and ± 15 volts, it will suffice for most of the cir¬ 
cuits we'll discuss; you could also use a pair of 9 volt 
batteries. In general, you'll want to include a pair of 


table 1. Common op amps and their manufacturers. 


devices 

manufacturer 

/iA709, >iA740, j*A 741, ^759, 
jiA791, /*A798, /*A799 

Fairchild Semiconductor 

464 Ellis Street 

Mountain View, California 94040 

ICL8007 

Intersil 

10710 N. Tantau Avenue 
Cupertino, California 95014 

MC1456, MC1436, MC1741S, 
MC3403, MC1458, MC3471 

Motorola Semiconductor 

Box 20924 

Phoenix, Arizona 85036 

LM301A, LM307, LM318, 
LM324, LM348, LM349, 

LF356, LF357, LM358 

National Semiconductor 

2900 Semiconductor Drive 

Santa Clara, California 95051 

RC4558, RC4136 

Raytheon Semiconductor 

350 Ellis Street 

Mountain View, California 94040 

CA3140, CA3130, CA3160 

RCA Solid State Division 

Route 202 

Somerville, New Jersey 08876 

NE532, NE534, NE535, 

NE536, NE5534 

Signetics 

811 E. Arques Avenue 
Sunnyvale, California 94086 

TL080 Series 

TL071 Series 

TL061 Series 

Texas Instruments 

Dallas, Texas 75222 


table2. Standard pinout single op amp devices. 



bipolar 


fet 

device 

remarks 

device 

remarks 

741(748) 

general purpose 

3140 

general purpose fet 

307 (301 A) general purpose 

356 (3571 

high performance fet 

1456 

high slew rate 

TL081 (TL080) 

general purpose fet 

1436 

high voltage 

TL071 

low noise TL081 

343 (3441 

high voltage 

3160(31301 

CMOS output 

759 

high current 



799 

single supply 

740 

first 



536 

generation 



8007 

fets 

318 

very high speed 



5534 

low noise 



1741S 

high slew rate 



535 

high slew rate 




good rf bypasses, such as 0.1 fiF ceramic capacitors 
across the supply lines, preferably near the 1C. Or, 
you may want to construct a simple dc supply, (2, 3, 
4) using 1C regulators. For most 1C op amp circuits, 
regulation is not at all critical and 1C voltage regula¬ 
tors are more than adequate. 

With regard to fig. 1, the only other circuit detail 
not yet mentioned is the offset pot. The method 
shown is common to many units, such as the 741, 
but is not completely universal. If your circuit re¬ 
quires offset nulling, double check the data sheet to 
be sure of the method. Often, the need for an offset 
adjustment can be eliminated by careful circuit 
design. 

The recent arrival of the fet input 1C op amp, with 
wide availability and low cost, is one of the happier 
developments in recent years. A number of bipolar 
and fet devices are listed in table 2. All ICs listed in 
this chart can be substituted in the pinout diagram 
shown (excluding offset null). In some cases a dual 
listing is shown; the second is the uncompensated 
version of the basic device. 

A fact which further serves to demonstrate the 
maturity of 1C op amps is the preponderance of mul¬ 
tiple units, both duals and quads. A few of the more 
popular ones are listed in table 3. As can be seen, 
many of them are dual or quad versions of single op 
amps. There are no wholly universal types, but the 
1458 and 4558 are probably the most popular duals 
(fig. 3A), likewise the 324 and 4136 are the most 
popular quads. In the quads, there are two generally 
accepted pinouts (fig. 3B) corresponding to the 324 
and 4136. 

applications 

Having very briefly looked at popular standard ICs, 
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it's time to examine some specific op amp applica¬ 
tions. This treatment is somewhat unique, because it 
shows only a few device part numbers. It's intended 
that almost any device listed in tables 2 and 3 can be 
used in these circuits with the appropriate connec¬ 
tions. The circuit discussion, however, will empha¬ 
size which device is the best choice, and why. 

gain blocks 

Probably one of the most common uses of 1C op 
amps is as a gain block, to raise signal levels or buffer 
a source. The basics of inverting and non-inverting 
gain stages are quite straightforward, but a lot can be 
said about tailoring a gain stage to specific uses, 
while getting around device limitations. 

In fig. 4A, an op amp inverter is connected for 
split supply use. Gain is simply R2/R1, while the in¬ 




fig. 2. Some op amps are not internally compensated and 
may require external capacitors for compensation. The ex¬ 
amples shown here have been compensated for unity gain. 


put impedance is equal to R1. The practical problem 
with this circuit is that high gains tend to result in a 
low input impedance. This can be alleviated by fixing 
R1, and raising R2. If a fet input amplifier is used, R1 
and R2 can be made as large as convenient, many 
megohms being entirely practical. The practical limit 
is that at very high values of R2, stray capacitance 
will begin to limit bandwidth. 

A dc response is obtained with the input directly 
connected to R1. At high gains (100 or more), offset 
at the output may be prohibitive, requiring offset 
nulling. For ac use, the blocking action of Cl causes 
the dc gain to be unity (for any ac gain) and thus off 
set is not amplified. This is the preferred connection 
when only ac gain is required. Note that Cl and R1 
have a low-frequency rolloff which sets the lowest 
usable frequency. The high-frequency bandwidth 
can be controlled by either of two means. If gain is 
very high ( > 40 dB), the amplifier's gain bandwidth 
will cause a rolloff at the op amp's unity-gain fre¬ 
quency divided by the stage gain. For example, a 
741's unity response occurs at 1 MHz, thereby limit¬ 
ing bandwidth to 10 kHz with 40 dB of gain. Wider 



fig. 3. Standard pinout 
diagrams for dual and quad 
op amps. The quad op amp 
can be in either of two dif¬ 
ferent patterns, with the 
second set in parenthesis. 



/'ST NUMBER DENOTES 324 PIN NUMBERS 
(2) DENOTES EQUIVALENT 4/36 PIN 

numbers 


bandwidth units, such as the 4558, will increase the 
total bandwidth. 

For working gains not limited by amplifier rolloff, 
the bandwidth can be set by a capacitor (C2) con¬ 
nected across R2, In the example shown, C2 sets the 
3 dB bandwidth to 5 kHz. An interesting basic 
characteristic of the inverter is that it can be used for 
gains less than unity, when R2 R1. This can be 
useful when it is required to reduce the gain of a 
stage to zero, or some low value less than unity. 
Compression age or amplifiers make good use of this 
factor. 

A non-inverting gain block is shown in fig. 4B; the 


table 3. Standard pinout dual and quad op amp devices. 



bipolar 


fet duals 

device 

remarks 

device 

remarks 

1458 

dual 741 

TL082 

dual TL081 

358 

low power, single supply 

TL072 

low noise 

2904 

low power, single supply 

TL062 

low power 

532 

low power, single supply 



798 

low power, single supply, 
class AB output 



4558 

"faster" 741, low noise 




bipolar quads 


fet quads 

device 

remarks 

device 

remarks 

324 

low power, single supply, 
class B op 

TL084 

quad TL081 

3403 

low power, single supply, 
class AB op 

TL074 

low noise TL084 

4136 

"faster" 741, low noise 

TL075 

low noise, 4136 pinout 


(pnp input) 

TL064 

low power 

348(349) 

quad 741 (npn input) 

3471 

high speed 
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fig. 4. A standard op amp inverting gain block is shown in A. The gain of the 1C is R2/R1 , with the input impedance being R]'s 

value. For ac use, the low frequency rolloff occurs at f L =---, while the high frequency rolloff is/ w =---. B illustrates 

2tR1C1 2*R2C2 

a non-inverting configuration. In this case the gain is —-. The low frequency rolloff will occur at two frequencies, 

R1 

f L1 =-——and f L2 = ---. There will only be a single high frequency rolloff, f H = —~— 

2kR3C1 2ttR1C2 2"wR2C3 



R1 . DO 

general gain of this stage is ^ . The intrinsic in¬ 

fo 1 

put impedance is very high (assuming R3 is not con¬ 
nected), as it looks directly into the input to the 
amplifier. If the amplifier is a fet type, the bias current 
will be only a few picoamps, while in bipolar units it is 
typically on the order of 50-100 nA. The non¬ 
inverting stage is therefore inherently best when 
minimal loading of the source is required, such as 
timing capacitors or high impedance transducers. 

Gain can be manipulated by either R1 or R2, as 
convenient, with no effect on input impedance. The 
minimum gain of this circuit is unity, with R1 open 
and R2 shorted. Breaking the dc path of R1, and in¬ 
serting C2 causes amplification of only the ac com¬ 
ponent. Input ac coupling is provided by Cl, with R3 
as a bias return. R3 is shown as nominally 100k ohms 
but a fet amplifier can allow 10 megohms or more 
here, without compromise. 

The same bandwidth limitations apply to the non¬ 
inverting amplifier as the inverting amplifier. C3 can 
be used to reduce bandwidth at a specific point. 
Note that in this circuit, C3 can reduce the gain to a 
minimum of unity. 


For both of these circuits, large-signal bandwidth 
is limited by the slew rate of the op amp used, and 
can be quite independent of the external com¬ 
ponents. If you require high output voltages (10 volts 
peak) at frequencies of more than 10 kHz, a high- 
slew rate op amp is in order. Most fet amplifiers have 
slew rates of 5 V//*S or more, allowing full power to 
100 kHz or more. Reference 5 will provide some fur¬ 
ther insight into optimizing general purpose gain 
blocks. The absolute limit on voltage swing depends 
either on the op amp or its power supplies. Standard 
units can swing about ± 10V with ± 15 V supplies. 
High voltage devices, like the 1436 or 344, can swing 
±20 V or more, with +28 V supplies. For rated out¬ 
put, loading should be Ik ohm or more. If lower im¬ 
pedances are used, they will not necessarily damage 
the device, but may result in reduced output due to 
current limiting. 

Since a great many op amp audio amplifiers use a 
single power supply, it is appropriate to configure the 
previous gain blocks for a single voltage. Fig. 5A 
shows the inverting mode. Again R1 and R2 set the 
gain, with Cl and C G providing input and output 
coupling. Assuming a zero dc level at the input and 




fig. 5. The inverting and non-inverting configurations can be connected for a single supply voltage. The voltage divider provides 
one half of the supply voltage as a reference to the op amp. In the case of the class-B output stages, the resistor can be added to 
reduce cross over distortion. 
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fig. 6. The Fairchild 759 can be connected as a 1 or 2 watt 
monitor amplifier. For 1 watt operation, the supply must be 
±9 volts with a 16 ohm speaker; for 2 watts, ± 15 volts with 
a 32 ohm speaker. The 1C package must be connected to a 
heat dissipating device. 

output. Cl and C D must be polarized as shown. R3 

and R4 form a V-+- divider, which biases the 
2 

amplifier output for the maximum signal swing. For 
most general-purpose op amps, th/s is all that is 
required. 

Some op amps have class-B output stages for 
reduced power drain. Examples are the 358 and 324 
units which have 0.7 and 1.5 mA quiescent drains, 
making them highly suited for battery or other power 
uses. However, the class-B output stage does gener¬ 
ate cross-over distortion, which may be objection¬ 
able. An optional pull-down resistor (4.7k) can be 
used to minimize this affect. It should be adjusted to 
suit the particular application. 

monitor amplifier 

Recently there have appeared on the market sever¬ 
al op amps which can furnish substantial output 
power, with the convenience and simplicity of gen¬ 
eral op amps. One of these is the Fairchild 759 illus¬ 
trated as a 1W/2W monitor amplifier circuit in fig. 6. 
The 759 has a peak output current of 350 mA, and a 
supply range similar to other op amps (36 volts). 
Thus, the power it can deliver to a given load is relat¬ 
ed to the impedance and supply voltages used. As 
shown here it can furnish 1 or 2 watts to a 16 or 32 
ohm speaker, with supplies of ±9 or ±15V, 
respectively. 

The device is furnished in a heatsink type package, 
which should be attached (but insulated) to a chassis 
or other heat radiator. This circuit is attractive 
because of its simplicity, and can be adapted to suit 
other gain requirements. Gain is 20 for the values 
shown, with the response rolled off by Cl at 15 kHz. 

A higher power "op amp with muscle" is the 791 
(Fairchild) which has a 1 A output. There are also 
several high voltage devices which can be used to 
drive external transistors providing many watts of 


output. Examples are the Signetics NE540 and 
NE541, the Motorola 1436, and the National 343 
and 344. 

push-pull driver 

An interesting technique which will produce 6 dB 
more voltage and power output, for a given supply 
voltage, is shown in fig. 7. This circuit is a push-pull 
driver, which effectively doubles the output voltage 
swing across a floating load. The circuit is quite cost 
effective when used with one of the dual op amps in 
table 3. Gain is adjusted by R1 or R2, and it may be 
adapted for single supply bias by lifting the grounded 

end of R5 and applying a potential of to the in¬ 
put of U2 and the bottom of R5. 

parallel driver 

A handy idea, when a single op amp just won't 
supply enough output power, is the parallel driven 
circuit shown in fig. 8. Here U1 and U2 are two op 
amps of a similar type, with their inputs driven in par¬ 
allel. The outputs are combined through low value 
resistors, with output current being approximately 
doubled. Additional similarly connected stages can 
also be used, such as 3 or 4 sections of a quad unit. 
The output resistors force the current to be shared 
equally between the op amp outputs. While their 
values are not critical, they should be at least 
50 ohms. 

Some single op amps have noteworthy power or 
voltage characteristics and are very attractive for use 
in this type of circuit. Examples are the Signetics 
5534 which has a 30 mA output stage, and high volt¬ 
age types such as the 1436, 343, or 344 which can 
swing up to 80 V p-p in this circuit. 

variable voltage reference 

The circuit in fig. 9 is useful for the generation of a 



fig. 7. If the load is floating, two op amps can be connected 
for push-pull operation. This method will provide 6 dB more 
voltage and current output, for a given supply voltage. 
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buffered and stable reference voltage source, while 
being readily adaptable to a wide range of output 
voltage and current requirements. This method takes 
advantage of the ability of a number of op amps to 
operate from a single supply voltage, with their in- 
puts at or at near ground potential. The basic refer¬ 
ence voltage is developed by the LM336, a stable, 2.5 
V, monolithic zener diode with a low (20 ppm/°C) 
temperature coefficient. Because of the low-dynamic 
impedance of this diode (less than 1 ohm), the 2.5 V 
is extremely stable when the diode is biased for a cur¬ 
rent of 1 mA. R4 applies some fraction of the 2.5 V to 
the op amp, which amplifies it by a factor of 4 to yield 
a +2.5to 10 V output. 

Output current rating is dependent upon op amp, 
of course, and will be about 10 mA for general pur¬ 
pose types. The 759 can supply up to 350 mA if 
desired, or other devices can be buffered by an npn 



fig. 8. Similar op amps can be connected in parallel, pro¬ 
viding additional output current. The outputs must be con¬ 
nected through low-value resistors. 

emitter-follower stage. If greater output range is 
desired, the circuit can be operated from a higher 
supply voltage with R2 adjusted accordingly. R3 
should be selected to maintain about 1 mA of current 
in the LM336. 

digitally-programmable voltage source 

A buffered, digitally programmed voltage source is 
shown in fig. 10. This circuit is quite useful as a re¬ 
peatable, programmable lab source with a basic 
range of 0 to 2.55 V (10 mV per step), or 0 to 25.5 V 
(100 mV per step). The output is adjustable, in binary 
fashion, with an 8 bit TTL compatible input control. 

This circuit uses an MC1408 8-bit D/A converter, 
which provides 1.99 mA full scale. The current in 
turn is converted to a buffered voltage by U2. R3 
determines the basic voltage range, being 1280 ohms 
for a 2.55 V scale, or 12,8k for 25.5 V (the op amp 
used must be capable of handling these output volt¬ 
ages). A 741 or other general purpose op amp is ade¬ 
quate for a 2.55 V range, but a high-voltage single¬ 



fig. 9. Combining a high-quality zener diode with an op amp 
will produce a variable voltage reference. In this case, the 
op amp has a dc gain of 4, giving a voltage range of 2.5 to 10 
volts. 

supply type is more appropriate for the 25.5 V range. 
For this, the 759 is suggested. It can also be used for 
the lower scale, of course, and is attractive because 
of its high output current. 

Like the voltage-reference source, regulated cur¬ 
rent sources are also useful as basic circuit elements, 
especially for control and measurements applica¬ 
tions. Fig. 11A illustrates a simple current source, 
which uses only a reference diode and a single resis¬ 
tor to set the output current. The reference diode is 
driven in bootstrap fashion by the op amp, causing 
the reference voltage V z to appear across R5. The 
regulated output current is I 0 , which may be any 
value less than I v but must be substantially greater 
than the op amp's bias current. If a fet op amp is 
used, this circuit can be used from I^A up to a level 
approaching I v In this case, it is 10 /aA. 

The current in the zener is set by R1 to provide a 
minimum zener current (1 mA), taking into consider¬ 
ation the supply voltage and R L . With R L = 1 meg , 
the circuit has a compliance voltage of 10 volts. The 
weak point of this circuit is the fact that the zener 



fig. 10. Instead of using a straight analog control, this cir¬ 
cuit uses a O/A converter to form a digitally-programmable 
voltage source. The binary coded, TTL information will 
produce either of two voltage ranges, 0 to 2.55, or 0 to 25.5 
volts. Full scale calibration is achieved by trimming R3. 
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fig. 11. A simple current source combines a zener diode with 
an op amp in a bootstrap configuration [A). For higher cur 
rents, any of the three-terminal regulators can be used as 
constant current sources { B I. The current setting resistor 
is connected between the output and ground terminals of 
the device. 

current changes with supply voltage and Rl- Al¬ 
though the LM336's low impedance mitigates this, it 
is still the ultimate limit to precision. For a higher per¬ 
formance version of this circuit, the zener can be 
replaced by a 2.5 V three-terminal voltage reference, 
such as the Analog Devices AD580 or the Motorola 
MC1403. Reference 6 includes a discussion of this 
type of circuit 

For currents higher than a few mA three-terminal 
references and regulators can be used very effective¬ 
ly, with the addition of only one resistor, to set the 
output current, as shown in fig. 11B. This schematic 
is quite general as shown, and can use any of the 
three-terminal devices. The AD580 and MC1403 are 
usable up to 10 mA, while the LM317 can handle one 
ampere or more (it must, however, have a minimum 
load current of 10 mA). 

low-voltage ohmmeter 

A circuit which employs several of the previously 
described principles, as a low-voltage ohmmeter, is 



fig. 12. This low-voltage ohmmeter combines a stable con 
stant current source with a dc amplifier. In this diagram the 
ohmmeter will read 1000 ohms full scale. 


shown in fig. 12. Two desirable factors incorporated 
in this ohmmeter are a low applied voltage, (0.1 V), 
and an output which is linearly proportional to the 
unknown resistance. It can accurately measure resis¬ 
tances to below one ohm. 

The heart of the circuit is a current source, com¬ 
posed of ill, CR1, and R y . This circuit, with R y 
selected for the appropriate range, furnishes a con¬ 
stant current to the unknown, R x . For example, with 
the values shown, l x is 100 ^A, and Ik ohm R x will 
drop 0.1 V. The voltage dropped across R x is in¬ 
directly read from Ul's summing point by amplifier 
U2. This node, being of a much lower impedance, 
allows U2 to be a relatively high bias current device 
such as a 741. U1 is a fet input unit (356) giving best 
accuracy at high R x levels (low levels of l x ). Alter¬ 
nately, a 3140 can be used with somewhat less preci- 



fig. 13. The supply-current monitor uses the voltage drop 
across a low-value resistor to indicate the current being 
drawn in the circuit. One side of the resistor and op amp are 
referenced to ground. The voltage difference across the re¬ 
sistor is amplified by the op amp. producing a 10-volt output 
that corresponds to one ampere of current. 

sion. U2 operates as a straight dc amplifier, with a 
gain of 10, scaling the 0 to 100 mV unknown voltage 
to 0 to 1 V at the output. Thus, a Ik R x resistor can 
be read as 1.000 (k) on a DVM scale. The circuit can 
overrange at least 100 per cent, therefore, 2 volt 
scaled instruments can read up to 2k ohms full scale 
(or 200 mV at the input). The dynamic range of the 
circuit is over five decades. 

Since the maximum voltage handled by U2 is only 
100 mV, it should be offset nulled to eliminate zero 
error for best low-scale accuracy. This is done by 
shorting the input and adjusting for 0.000 V out of 
U2. For full-scale calibration, the individual range 
values of R y should be trimmed for correct output, 
with a reference value for R x . 

If the circuit is to be used to probe equipment, 
overvoltage/current protection is warranted. A 1/16 
A fuse and clamp diodes CR2-CR3 protect the range 
resistors; with R5 protecting the op amp. The diodes 
used for CR2 and CR3 must be low leakage types, 
such as those specified in fig. 12. 
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fig. 14. This square-wave generator [A) can cover the range 
of 1 Hz to over 1 MHz by proper component selection. 
Symmetry of the output waveform is controlled by connec¬ 
ting diodes in series with R ( (see text). The wide-range 
Wein bridge oscillator shown in B at right uses a diode array 
to provide amplitude control. 


Fig. 13 illustrates how the differencing input volt¬ 
age feature of the op amp can be used to monitor the 
current in a supply line. A sampling resistor R s is in¬ 
serted in the line to develop a voltage proportional to 
the supply current. This voltage is then amplified and 
referenced to the circuit common point by the op 
amp, which can be a 799 for medium to high currents 
( > 10/xA), or a 3140 for very low currents. R3 is 
trimmed to calibrate the output, in this case, 10V = 1 
ampere. 

Techniques such as this, which functionally do 
nothing more than replace a series ammeter, will 
become more important as forms of automated con¬ 
trol pervade the amateur station. The output as 
shown, could be directly processed by an A/D con¬ 
verter, for instance. 

op-amp signal sources 

The test bench can always use simple, inexpen¬ 
sive, and high performance signal sources. Fig. 14 il¬ 
lustrates two examples of oscillators which capitalize 
on some features displayed by modern 1C op amps. 

A simple (and probably familar) op amp based 
astable multivibrator is shown in fig. 14A. This cir¬ 
cuit generates square waves over an extremely wide 
range, from well below 1 Hz to over 1 MHz (with suit¬ 
able values, of course). The RCA 3130 used, a +5 to 
+ 15 V device, has a CMOS output stage. Thus, it 
can drive either 5 V TTL or 10-15 V CMOS logic stages 
directly, since its output swings from rail to rail (V + 
to ground). Rise and fall times of the circuit are quite 
fast, on the order of 100 nS. Although shown here as 
a 100 Hz source, R t and C t can be readily scaled for 
different ranges. For control of symmetry, R t can be 
replaced by two resistors in series with a reverse con¬ 
nected diode. If higher output swings are desired, 
other (uncompensated) op amps can be used. Ex¬ 
amples which are capable of high speed are the 
301 A, 748, TL080, and 357 units. 



The classic Wien bridge oscillator is often seen in 
the literature 7 and is a true stalwart for the generation 
of low-distortion sine waves. The circuit of fig. 14B 
shows how the 3140 can be used in conjunction with 
diode array, providing amplitude control. 

Two problems which beset this type of oscillator 
are high distortion at high frequencies, (due to 
limited slew rate in the amplifier) and amplitude 
"bounce/' The 3140 has a high inherent slew rate of 
9 V/jtS, which allows full output (20 V p-p) to over 
100 kHz. The use of a zener diode clamp for ampli¬ 
tude control allows fast age, without the bounce or 
overshoot of thermistors. A range of suggested 
values is given in this figure, and RCA's data sheet 8 
for the 3140 discusses this circuit in further detail. 
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high-frequency 

hybrids and couplers 


for amateur 
applications 

Hybrid and coupler circuits 
borrowed from the 
microwave domain 
have many uses 
at the lower frequencies — 
here are some applications 
for amateur use 

Microwave hybrids are extremely versatile 
devices. They have many applications not necessari- 
ly restricted to the microwave region. This article ex- 
plains how these circuits may be put to use at the 
higher amateur frequencies where communication 
may be enjoyed without the interference and noise 
created by thousands of commercial kilowatt trans¬ 
mitters. 

When hybrids are mentioned, many hams think of 
bifilar-wound coils on toroidal forms. However, the 
circuits described here may be constructed from co¬ 


axial line for vhf or uhf use. For the higher frequen¬ 
cies, they may be constructed using stripline, micro¬ 
strip, or waveguide techniques. Three devices are 
considered; 

1. The half hybrid (fig. 1). This is a degenerate form 
of a 4-port device that may be used as a power com¬ 
biner or divider. 

2. The branch directional coupler, fig. 2, which is a 
quadrature hybrid with some interesting applications 
for moonbounce work and ssb. 



fig. 1. The half hybrid, useful as an isolator between two 
power sources. Impedance at each port is 50 ohms. 

3. The coaxial rat race (fig. 3). Sometimes called a 
180° hybrid, this circuit may be used as part of a 
balanced modulator or to match or balance two 
equal loads (as in combining equal sections of an an¬ 
tenna array). 

the half hybrid 

This is the simplest of the devices described. It 
consists of a Y or T junction, two quarter-wavelength 
matching transformers, and a bridging resistor. 

By Henry S. Keen, W2CTK, (reprinted from 
the July, 1970, issue of ham radio) 
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If the half hybrid is fed at port 1 (fig. 1), the signal 
will divide equally between ports 2 and 3. Because no 
phase difference exists at ports 2 and 3 when proper¬ 
ly terminated, no voltage appears across the resistor; 
therefore, no power is absorbed. If an imbalance ex¬ 
ists due to a mismatch, however, part of the signal 
will be absorbed by the resistor and part will be re¬ 
flected to the generator. If the generator impedance 
is 50 ohms, it will absorb the reflected portion. The 
isolation between output ports is independent of the 
match provided by the loads. 

If you look at the circuit quickly, the source of this 
isolation may seem vague; but if the circuit is re¬ 
drawn as in fig. 4, the path from port 2 to port 3 
resembles the familiar bridged-T network. In this cir¬ 
cuit, a signal at port 2 will be nulled at port 3. There¬ 
fore, the load impedance at each port is not a factor 
in the isolation between ports. 

The half hybrid may be used to provide isolation 
between two power sources, such as a pair of power 



fig. 2. The branch directional coupler. This device divides 
power between two matched loads. 

transistors. A fail-safe arrangement is thus obtained, 
whereby failure of either component will not affect 
the load presented to the other unit. Power output 
will decrease by 6 dB because input power will be 
dissipated in the bridging resistor, but loading condi¬ 
tions presented to the source will remain unchanged. 

In applications requiring high reliability during pro¬ 
longed unattended operation (as in fm repeaters), 
half hybrids as combining networks offer a passive 
means of ensuring uninterrupted service without re¬ 
sorting to complex switching mechanisms. 

branch coupler 

The branch coupler is a 4-port device. It divides in¬ 
put power between two matched loads. The isolation 
between two input ports is a measure of the match 
provided by the loads. A 90° phase difference exists 


between the signals at the two output ports, because 
one signal travels one-quarter wavelength farther 
than the other. This device can be used for sampling 
a portion of the signal for reference or comparison 
purposes. 



fig. 3. Coaxial rat race, or ring coupler. It can be used to 
balance similar sections of an antenna or as a balun. 

analysis 

To understand the design principles of the branch 
coupler, consider the case of the 3-dB version in 
which the input power is divided equally between the 
two load ports. 

In a perfectly matched coupler no signal exists at 
port 3, so this port can be short-circuited without af¬ 
fecting power distribution (fig, 5). This would make 
branches 1-3 and 3-4 shorted quarter-wavelength 
stubs, shunted across ports 1-4. Thus they may be 
removed, leaving only branches 1 -2 and 2-4. 

If power is to divide equally between ports 2 and 4, 
port 4 must present a 50-ohm load at port 2. The 
characteristic impedance of branch 2-4 must there¬ 
fore be 50 ohms, thus establishing an impedance of 
25 ohms at port 2. To match this to a 50-ohm input, 
branch 1-2 must have a characteristic impedance of 
35 ohms, which can be obtained with two 70-ohm 
coaxial line sections in parallel. 

When the network is "reassembled/' branch 1-3 
will be the same as branch 2-4; while branch 3-4 will 
be the same as branch 1-2. For a general solution of 
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the design, the branch impedances will be: 

l-3 = 2-4= l Power ( 2 ) 
y Power (4) 


1-2 = 3-4 = f Power (2) 

V Total power 

Several applications of the branch coupler are of 
interest for amateur work. For example, a 3-dB coup¬ 
ler can be used as a phasing power divider to feed a 
circularly polarized antenna. Another use would be 
as a 90° phase shifter for phasing-type ssb 
generators. 

Let's first consider the power divider. If a signal fed 
to port 1 produces clockwise phase rotation, feeding 
port 3 will produce counter-clockwise rotation. If 
both ports are fed simultaneously, linear polarization 



fig. 5. The branch coupler. If port 3 is short circuited, 
branches 1-3 and 3-4 may be removed. 


will result. A line stretcher in one of the inputs would 
permit adjustments to any desired phase angle. 

A received signal of the same polarization as that 
transmitted would appear at the same port from 
which it was transmitted. A signal of opposite phase 
rotation, such as a reflected signal, would appear at 
the other port. 

In microwave applications, isolation from 40 to 50 
dB has been obtained under ideal conditions. The 
thought occurs that this idea might be useful for 
moonbounce work; however, I have no information 
as to how much the circular polarization would be 
degraded. 

single sideband 

Single-sideband phasing techniques have been 
used in microwave receiver design to phase out the 
image signal. This method also offers a theoretical 
3-dB reduction in front-end noise. 

A block diagram of such a system is shown in fig. 
6. 1 The second 3-dB hybrid operates as a combining 
network designed for the intermediate frequency. 


Balanced mixers could be used to cancel the noise 
contributed by the local oscillator. 

At lower frequencies, the branch coupler may be 
synthesized with appropriate values of L and C. An 
equivalent quarter-wavelength line may be construc¬ 
ted for any desired characteristic impedance (fig. 7). 
The absolute values of each reactance at the design 



fig. B. The branch coupler used to phase out frontend 
images in ssb receiver applications. 


frequency should equal that of the line being synthe¬ 
sized. The capacitors in the final version, fig. 8, are 
identical in value. 

coaxial rat race 

The standard form of the 50-ohm rat race, or ring 
coupler, is shown in fig. 3. It consists of a closed 
loop of 70-ohm line with a circumference of three 1 /2 
wavelengths. The four ports are located 1/4 wave¬ 
length apart, with first and fourth ports connected by 
a 3/4-wavelength line. 

A signal fed to port 2 divides in two; each half 
travels around the loop in opposite directions. The 
path to port 4 is a half-wavelength longer than that to 
port 2, so the two signals arrive at their respective 


fig. 7. Synthesized quarter-wave- 
length line of impedance Z 0 . 

|x c | - |x L l= Zq 


XTr. 


loads in phase opposition. Port 3, located midway 
between the two loads, will therefore receive no 
signal. The loads must be identical for this cancella¬ 
tion to occur. 

As a matter of interest, both loads can be re¬ 
moved, leaving only the loop with ports 1 and 3. Can¬ 
cellation will occur at the center frequency. This 
dual-path structure is known as a re-entrant filter. 

If the signal is fed to port 3, the two loads will be 
fed in phase. Any in-phase reflections of equal mag¬ 
nitude from ports 2 and 4 will arrive at port 1 out of 
phase and will therefore cancel. If the loads are un¬ 
equal, and the reflected signals differ in amplitude or 
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phase, or both, then cancellation will be incomplete, 
causing a signal to appear at port 1. In some applica¬ 
tions, a matched load may be placed at the odd port 
to absorb the imbalance. 

The rat race offers an excellent means of adjusting 
signal balance between similar sections of an anten¬ 
na array. A detector-indicator, such as a receiver 


50-ohm rat race 

If you don't happen to have any 70-ohm line 
handy, you can make a rat race with 50-ohm line, 
which is suitable for spot frequency or narrowband 
work. In this version (fig. 10) ports 1 through 4 are 
separated by 0.153 wavelength of 50-ohm line. The 


fig. 8. Lumped constant equiv¬ 
alent circuit of the branch 
coupler. 





I 


with an S-meter connected at port 3, would show 
imbalance between array sections. Identical lengths 
of transmission line must be used between ports 2 
and 4 and their respective loads to avoid complica¬ 
tions due to phase differences. 

The rat race also functions well as a balun. When 
used for this application, the balanced load imped¬ 
ance is twice that of the coax input line, and port 3 is 
usually grounded. 

capacitively-coupled hybrid 

The capacitively-coupled hybrid shown in fig. 9 is 
another form of the 90° or quadrature hybrid. Coaxial 
line of any convenient characteristic impedance can 



fig. 10. Coax rat race constructed with 50-ohm line. 


long side is 0.653 wavelength, taking into account 
the cable's velocity factor. 

At lower frequencies, the rat race is replaced by a 
center-tapped transformer. In the higher-frequency 
regions, where waveguide is used, a device known 
as the "magic Tee" performs the same function. 2 

In all regions of the radio spectrum, hybrid devices 
exist in one form or another, which can contribute 
much to the versatility of equipment design. 
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fig. 9. Capacitively-coupled hybrid is another form of the 90° 
or quadrature hybrid. 

be used in its construction as long as the correct line 
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The electrical length of the line elements is computed 
from: 
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50 ohms reactance. 
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direct methods 
for measuring 

antenna gain 


How to obtain 
meaningful vhf antenna 
gain data 
using simple equipment 

For the amateur interested in top station per¬ 
formance on any band, antenna refinement definitely 
produces the most rewarding return per unit of ef¬ 
fort and expense. 

Only in the antenna system, which includes the 
feedline and supporting structure as well as the 
radiator, can improvements increase performance for 
both transmitting and receiving. Unfortunately, 
however, the antenna system is usually the most 
neglected part of an amateur station. Performance 
tuning, if done at all, is usually limited to adjusting 
the driven element length, sliding the clamps on the 


T match, or adjusting the gamma capacitor for the 
lowest standing wave ratio. Except for using the swr 
bridge, antenna scope impedance bridge, or field- 
strength meter, most amateurs seem content to 
leave antenna tuning to the manufacturers. 

The manufacturers can't build antennas to meet 
all performance demands. Commercially built an¬ 
tennas are designed for "average" installation con¬ 
ditions. All too often these just don't exist in many 
amateur installations. Most amateurs are plagued by 
poor soil conductivity, height restrictions, nearby 
objects, and a host of other adverse conditions that 
affect antenna performance. These adverse effects 
can be reduced by tuning the antenna system once 
you have some dependable quantitative data as a 
baseline for optimization. 

The degree of improvement by tuning is limited 
with simple antennas. With the more elaborate 
arrays used above 14 MHz, it's possible to obtain 
performance increases up to 3 dB with small an¬ 
tennas. Improvements of 7 to 8 dB are possible with 
larger arrays. 

By Bruce Clark, K6JYO (reprinted from the 
July, 1969, issue of ham radio) 
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The following paragraphs present simple methods 
for measuring vhf antenna gain directly, with good 
accuracy. Once you know what your antenna is do¬ 
ing, you can make the right adjustments to optimize 
performance. A few examples are also given of some 
rather startling results obtained by amateurs who 
were introduced to these methods. 

direct measurements 

The average amateur can measure antenna gain 
with adequate precision using simple equipment. 
The measurement results are much more meaningful 
than, say, a measured standing-wave ratio of 1.02- 
to-1 on the transmission line. All this indicates is 
that the feedline is taking power. The antenna may or 
may not be radiating in the desired direction or with 
the desired efficiency. 

Of the many methods of measuring antenna gain, 
two are within the capability of the amateur. These 
are the attenuator/receiver method, and the matched- 
detector method. Both are comparison tests 
using a reference antenna and the antenna to be 
tested. Received signals provide the measurement 
data. 

These methods are more reliable and provide more 
repeatable data under varying site conditions than 
those using transmitted signal/field-strength meter 
or measured-pattern methods. 

attenuator/receiver method 

The attenuator/receiver method is block diagram¬ 
med in fig. 1. Basically, the system uses an accurate 
attenuator combined with the station receiving sys¬ 
tem. The signal-source output should be as low as 
possible and still provide a usable signal at the re¬ 
ceiver S-meter when the reference antenna is con- 



WA6KKK and WB6MGZ aim 18.6-dB 1296-MHz dish. 
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fig. 1. Test equipment for the attenuator/receiver method. 
The source antenna should be as high as possible, in the 
clear, and at least 20 wavelengths from the antenna under 
test. 

nected. For most situations 100 mW is adequate. 
The source should be stable and free of spurious 
outputs. 

procedure 

Set up the source antenna in the clear at least 20 
wavelengths from the test antenna. A nearby ama¬ 
teur's tower, flag pole, or TV mast is a good sup¬ 
port, Turn on the source, and adjust the attenuator 
for a reference level on the receiver (anywhere be¬ 
tween S-6 and S-9 will do). Record the number of dB 
used on the attenuator to obtain the reference value 
on the S meter. Switch to the test antenna, and peak 
the antenna for maximum signal. Adjust the attenua¬ 
tor for the same S-meter reading obtained with the 
reference antenna. Record the new attenuator read¬ 
ing. The difference between attenuator readings is 
the amount of gain (or loss) between the two an¬ 
tennas. 

Repeat the process several times, moving the re¬ 
ference antenna for an average level. Note that some 
variation is introduced by moving the reference an¬ 
tenna. This can be reduced by using a directional 
source antenna to reduce ground reflection contri¬ 
butions to the received signal (discussed later). In 
addition, the source antenna should be moved be¬ 
tween several different sites at varying distances. 
Several measurements should be made at each site. 
The resultant gain figure should be the average of at 
least six readings. 

Note also that feedline losses are included in these 
measurements. If known, they can be added to the 
measured antenna gain to get the actual gain of the 
antenna. Although less impressive, the measured 
figure is a more practical value, especially above 50 
MHz where feedline loss contributions are signif¬ 
icant. 

The attenuator/receiver method will give accura¬ 
cies on the order of ± 1 dB. It's limited by the ac¬ 
curacy and resolution of the attenuators, but is 
probably the most applicable method for amateur 
work. 
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W6MMU'sbig horn for 432 - 11.7 dB. 


The matched detector method is very popular 
with the West-Coast vhf crew. It requires more 
sophisticated equipment, but gives greater resolu¬ 
tion and quicker readout. The absolute accuracy is 
still limited by the reference antenna performance 
due to reflections. The averaging procedure should 
be used here also if absolute gain figures are desired. 

Either a high (1 watt) or low (10 mW) source sig¬ 
nal, modulated with a 1-kHz audio tone is used 
(fig. 2). The type of source determines the detector 
type. A crystal diode detector similar to a Telonic 
XD-series, or a home-built equivalent,! will give a 
square-law output at low input levels. This is ideal for 
the vswr meter readout. 

procedure 

The vswr meter is a 1-kHz, sharply tuned, gain- 
stable, low-noise audio amplifier driving an rms ac 
vtvm. The 1-kHz modulation is detected and ampli¬ 
fied. This signal drives the meter, which is calibrated 
directly in dB. By adjusting the vswr meter gain 
range (0-60 dB in 10-dB steps), a reference level can 
be obtained with the reference antenna. The test an¬ 
tenna is then connected to the detector, and the 
gain increase (or decrease) noted. 

Although the initial cost is high ($200), the vswr 
meter is available in surplus outlets for approximately 
$40 to $60 for the earlier Hewlett-Packard HP-415 
series. Others by PRD and General Radio are also 
available. 2 

If the source power is too high, the crystal diode 
detector will be driven out of the non-linear, square- 
law portion of its curve. The resultant output will 
deviate, and the vswr meter reading will be high. 
This can be prevented by: 

1. Keeping the source power output very low. 


2. Inserting a calibrated attenuator (3 to 6 dB) ahead 
of the detector mount (fig. 2). 

3. Using the vswr meter with a wider range detector 
called a bolomeler (thermistor) mount. Although not 
as sensitive, the bolometer mount provides good re¬ 
sults when used with sources of 1 to 2 watts output. 

reference antennas 

No study of antenna gain measurement would be 
complete without a word on reference antennas. 
Classically, the isotropic radiator is a point source 
that illuminates all points equally on the inside sur¬ 
face of a sphere. It is used as the reference antenna 
in nearly all theoretical work. However, it's not 
possible to produce such an antenna, so the matched 
1/2-wave dipole is often used as a reference an¬ 
tenna. 

The dipole has a disadvantage. Because of its 
broad pattern, it's extremely sensitive to ground 
effects and to near-field reflections from the signal 
source. These reflections add or detract from the de¬ 
sired free-space signal and produce an output that 
varies from the ideal (average) value. 

NBS standard reference antenna 

Absolute accuracy of measurements depends on 
the accuracy of the reference dipole, so it is im- 
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fig. 2. Setup for the matched detector method. A bolometer 
is used in (A). An easily constructed diode detector sub¬ 
stitute for the bolometer is shown in (B). The 3-dB pad will 
improve the match between detector and antenna, espe¬ 
cially at uhf. 
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portant to average the reference dipole readings 
under different site conditions. Recently, highly ac¬ 
curate standard reference antennas have been de¬ 
signed and employed by the National Bureau of 
Standards (NBS) and some amateurs, among them 
W6VSV and W6HPH. Basically a simple directional 
array designed for low side-lobe content and high 
front-to-back ratio, the NBS standard antenna has 
a gain of 7.7 dB over a reference dipole, measured 
under laboratory conditions in an anechoic chamber 
(see fig. 3). 

The measurement repeatability is on the order of 
±0.1 dB or better. The NBS standard antenna is 
used in a manner identical to that of the reference di¬ 
pole, but there is less variation due to reflections. 
Also, one must remember to add the 7.7 dB ref¬ 
erence-antenna gain figure to those from the vswr 
meter with the test antenna in the line. For example, 
If the test antenna measures 2.3 dB when the re¬ 
ference antenna measures 0 dB, the antenna gain 
is 10 dB. 

results 

These techniques are regularly employed by top 
vhf-uhf amateurs to obtain the most from homebrew 
and commercial arrays. In the past few years, an¬ 
tenna contests at hamfests have become popular 
proving grounds where new winning combinations 
have been discovered. A case in point is the re¬ 
awakened popularity of the Vagi antenna at 432 
MHz. It has resulted from careful optimization of 
several scaled-down designs that didn't work at all 
(or poorly at best). Another case is the 1 to 2 dB gain 
increase from adding directors to collinear arrays — 
a method now adopted by at least one manufacturer. 

The accuracy of the results is amazing. My own 
32-element, 432-MHz array measured 15 dB at the 
West-Coast Uhf Conference in Fresno and 16.2 dB 
at the Hughes Radio Club contest in Fullerton (after 



fig. 3. Layout of the standard gain antenna used by National 
Bureau of Standards. When accurately built, this reference 
antenna will provide 7.7 dB over an isotropic radiator ±0.25 
dB, Element diameter is about 0.01X (3/8" or 10mm at 
432 MHz). 



K7ICW's 30-element Yagi for 1296 MHz yielded - 2.5 dB! 


some matching deficiencies were discovered). 

As for the repeatability of results from site-to- 
site, tests of the popular 6-foot boom Tilton Yagi at 
432 MHz resulted in consistent measurements yield¬ 
ing 12 to 13 dB in contests from Missouri to Califor¬ 
nia. WBORH's twin bi-square beam measured 8.0 dB 
at three different sites using three different test 
methods. These examples are exceptions. Typically, 
however, results haven't varied more than ±2 dB 
when good equipment and normal care were used 
in making the measurements. 

some surprises 

At one contest several owners of supposedly 
high-gain commercial arrays really had their eyes 
opened. One 432-MHz Yagi, with a manufacturer's 
claim of "over 17 dB forward gain," measured nega¬ 
tive 2 dB off the front and +6 dB off the back. Cut¬ 
ting the antenna in half got about ±8 dB forward 
gain. 

Another homebrew 13-element Yagi from a popu¬ 
lar vhf handbook measured { 1.9 dB gain over a 
dipole. (The owner had substituted a wooden boom 
for the original metal boom and hadn't reduced the 
element lengths to compensate. Trimming the ele¬ 
ments and matching the feed brought the gain up to 
12.3 dB — not a bad increase.) 

It should be obvious that antenna gain measure¬ 
ment is worthwhile for the amateur. From my ex¬ 
perience, it gets results we all desire; better reports 
and more consistent contacts. 
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graphical solution 


of impedance¬ 
matching problems 

Using simple geometry 
to design 
and analyze 
a variety of 
impedance-matching 
networks 

One of the most common problems in radio cir¬ 
cuits is matching one impedance to another. The 
problem might be that of matching a transmitter out¬ 
put stage to a resistive load, or the load may have a 
reactive component, as is usually the case when 
attempting to transfer power to an antenna. 

Many articles have been written covering the 
mathematics of this problem and also the application 
of the Smith chart. 1 Impedance-matching problems 
can be solved readily with sufficient accuracy for 
practical purposes with no more equipment than a 
straightedge, compass, and graph paper. The graph¬ 
ical method lends itself to multiple-component net¬ 
works involving complex impedances, without re¬ 
sorting to trigonometry or complex algebra. It allows 
a visual choice of constants and shows forbidden ap¬ 
proaches in choosing impedance paths. 

The method presented in this article will allow you 
to solve most impedance problems encountered in 


amateur work. The geometric principles are easy to 
follow, and you'll need to make only a few simple 
computations. Rules are given for constructing the 
diagrams. Typical examples and solutions are 
shown. The examples are presented without mathe¬ 
matical proof, however. For those who wish to pur¬ 
sue the classical approach, some excellent material 
will be found in references 2, 3, and 4. 

a starting point 

First consider the familiar methods known as the 
"leaning ladder" diagram for determining the resul¬ 
tant of two resistors or reactances in parallel (fig. 1), 



fig. t. The "leaning ladder" diagram for finding the resultant 
of two resistances or reactances in parallel. 

Two perpendicular lines with lengths proportional to 
the two resistors or reactances are erected with arbi¬ 
trary separation from a common baseline. Lines are 
then drawn from the top of each perpendicular to the 
base of the other. A third perpendicular is now drawn 
from the intersection of these lines to the baseline. 
The length of this new perpendicular is proportional 
to the combined resistance or reactance of the two 
parallel elements. 

What happens, however, when two reactances of 
opposite sign are to be evaluated? The same pro- 

By I. L. McNally, W1NCK, and Henry S. 
Keen, W2CTK (reprinted from the December, 
1969, issue of ham radio) 
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cedure is followed as before, except that the perpen¬ 
dicular lines representing the reactances will be locat¬ 
ed on opposite sides of the baseline (fig. 2}. Again 
connect the end of each perpendicular to the base of 
the other, extending the lines until they intersect. 
The length of a perpendicular from this point of inter¬ 
section to the baseline represents the combined reac¬ 
tance of the two paralleled elements. The side of the 
baseline where the intersection takes place deter¬ 
mines whether the resultant, X H , is inductive or 
capacitive. 

Now suppose a reactance is to be paralleled with a 
resistance. How do you determine the impedance of 
such a combination? Semicircles are constructed 
upon rectangular coordinates, with diameters pro¬ 
portional to the paralleled resistance and reactance, 
intersecting at point A (fig. 3). A line, O-A, from the 



fig. 2. Diagram for finding resultant impedance of two 
reactances of opposite sign. 

origin to the point of intersection, will be proportional 
to the impedance of the combination. The projec¬ 
tions of this point of intersection upon the resistive 
and reactive axes will then be proportional to the 
resistance, R$, and reactance, X Sf respectively, 
which make up the series equivalent of the parallel 
combination. 

Because an angle inscribed in a semicircle is 
always a right angle, it is easily shown that the point 
of intersection, A, lies on a straight line connecting 
the ends of the two diameters. This construction 
leads to a well-known diagram frequently used to 
solve L networks, (fig. 4!. An L network is merely a 
transformation from a parallel resonant circuit, seen 
looking in at Zl, to a series resonant circuit, seen 
looking in at Z2. 

rules for construction 

By combining these diagrams, it's possible to solve 
a variety of matching-network problems. The geo¬ 
metry of fig. 5 is the basis of solving all problems us- 



fig. 3. Geometry for solving parallel-to-series transforma¬ 
tion. 

ing this method. General rules for using the 
method are: 

1. Adding a series of reactances moves the imped¬ 
ance on a vertical line — up for inductive reactance 
and down for capacitive reactance. 

2. Adding a parallel reactance moves the impedance 
along a circle with its center on the horizontal axis. It 
rotates clockwise for capacitive reactance and coun¬ 
ter clockwise for inductive reactance. 

3. When choosing impedance paths, it is not permis¬ 
sible to use a path passing through the origin of coor¬ 
dinates. 

The method permits rapid comparison of different 
network designs without a knowledge of complex al¬ 
gebra, and a clear picture is given of what happens 
when parameters are modified. 

We ll begin with the pi network since this is one of 
the most-used circuits in amateur work. Other cir¬ 
cuits will then be described which will provide a foun¬ 
dation for solving most impedance-matching prob¬ 
lems. Some numerical examples will then be given to 
show step-by-step procedures. 

pi networks 

The pi network can be considered as two cascaded 
L networks, designed to transform both input and 
output impedances to a common internal transfer im- 



L____J 


fig. 3. Geometry for solving parallel-to-series 
transformation. 
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pedance, which must be lower than either terminal 
impedance. This internal transfer impedance deter¬ 
mines the network Q, a fact that becomes apparent 
from a consideration of the design diagram (fig. 6). 

To design a pi network, begin at the origin of a set 
of rectangular coordinates, and construct a semicir¬ 
cle above the horizontal axis, with diameter propor¬ 
tional to ZL (Z1 is the greater of the two terminal im¬ 
pedances.) Similarly, from the origin construct a sec¬ 
ond semicircle below the axis. Its diameter is propor¬ 
tional to Z2, the lesser of the two terminal im¬ 
pedances. 

Because an infinite number of solutions exist to a 
pi-network problem when terminal impedances are 
specified, an assumption must be made for one of 
the three reactances. This is necessary to establish 
the internal transfer impedance. There are certain ad¬ 
vantages if the reactance of the output capacitor, 
C2, is made equal to the load resistance, Z2. How¬ 
ever, network Q requirements frequently dictate a 
lower value as discussed later. 



o © e 


fig. 5. Basic geometry for graphical solution of impedance 
problems. Series resistance is plotted along the horizontal 
axis and series reactance on the vertical axis, as at (A). 
Parallel resistance and parallel reactance circles are con¬ 
structed as in (B) and (C) respectively. 

The assumed reactance X C2 , of the output capaci¬ 
tor becomes the diameter of a third semicircle, be¬ 
ginning at the origin and constructed downward 
below the horizontal axis. The point of intersection 
between this and the Z2 semicircle is point A. From 
this point a vertical line is drawn to intersect the 
original Z1 semicircle at point B. The length of the 
line segment, AB, represents the required reactance 
of X L . 

A straight line is now drawn from the extreme end 
of the Z1 diameter through point B, intersecting the 
vertical axis at point C. Line OC will then be propor¬ 
tional to Xci, the reactance of the required input 
capacitor. 

The intersection of inductive reactance line AB 
with the horizontal axis is point D. The significance 
of this point is that line segment OD represents the 
internal transfer impedance of the network. The Q of 



fig. 6. The pi network diagram. Circuit Q is determined by 
the internal transfer impedance. 

the network, when driven by a current generator 
such as a screen-grid tube or a transistor, will be 
equal to the inductive reactance, AB, divided by the 
internal transfer impedance, OD. The Q will also be 
equal to Zl/X C i plus Z2/X C2 , which can be proven 
identical. 

When driven by a resistive source, such as a 
triode, the network is loaded from both ends, and the 
effective Q may be cut in half. 

tee networks 

Although the T network is not as well known as 
the pi network, it is a very useful circuit and is quickly 
solved graphically. With the T network, we may 
assume the internal transfer impedance as equal to or 
greater than the sum of the terminal impedances Z1 
and Z2, usually by a factor of two or more. The 
graphical design procedure, with reference to fig. 7 
is as follows; 

Construct a semicircle with horizontal diameter 
greater than the sum of the terminal impedances. 



fig. 7. Solving the T network. The internal transfer impe¬ 
dance is equal to or greater than Z1 + ZZ by a factor of two. 
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Mark off, from opposite ends of the diameter, line 
segments proportional to the two terminal imped¬ 
ances. From these two points erect perpendiculars to 
intersect the semicircle at points A and B respective¬ 
ly. Connect points A and B to the remote ends of the 
diameter, intersecting each other at C. A perpendic¬ 
ular, CD, to the diameter will be proportional to the 
reactance of the capacitor, C. The Q of this network, 
as driven by a current generator, will be equal to the 
diameter of the semicircle divided by the line seg¬ 
ment CD. The sum of X U /Z1 plus X^/Zl will give 
an identical result. 

Although the derivation of this diagram may seem 
obscure, if perpendiculars are erected at the ends of 
the diameter, and the slant lines extended to inter¬ 
sect these perpendiculars, we will have the two 
super-imposed L-network diagrams. The line seg¬ 
ments of these end perpendiculars will each repre¬ 
sent a capacitive reactance corresponding to one of 
the two cascaded L networks making up the com¬ 
plete T network. The extended slant lines can then 
be seen to represent the leaning-ladder diagram, with 
line CD being the result of both capacitive com¬ 
ponents in parallel. All construction exterior to the 
semicircle, therefore, will be redundant and can be 
omitted. 

If the semicircle is constructed so that its diameter 
is equal to the sum of the two terminal impedances, 
all reactances will be of the same magnitude, differ¬ 
ing only in sign, and will be equal to the geometric 
mean of the terminal impedances. The Q of such a 
network would be quite low, being equal to the sum 
of the two terminal impedances divided by the 
square root of their product. 



fig. 8. Solution to problem 1: matching 3000 + jO ohms to 
600 + jO ohms with a pi network. Arrows indicate impe¬ 
dance path. 

When the pi network is designed so that Z2-Xcz> 
excursions of Z2 will have minimum effect on ZL 
Resonance will be maintained by retuning X L . A net¬ 
work is possible whereby a two-to-one range of Z2 
(assumed purely resistive) will, in turn, cause Z1 to 
vary from the target impedance by less than five 
per cent. 

Similarly, design of the T networks so that 
Zl = Xu will permit Z1 variations of the same 
magnitude, with the network output still presenting a 
match to the load (within the same limits). 
Resonance is maintained by retuning Cl. 



fig. 9. Solution to problem 2: matching 3000 + jO ohms to 50 + jO ohms with a pi network — a common problem in 
transferring tube output impedance to an antenna transmission line. Expanded scales for R2 “ 50 ohms are 
shown at (A). At (£) the curves are limited to R2 = 50 or 75 ohms and Q - 10. 
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fig 10. Solution to problem 3: matching an antenna load of 
80 j45 ohms to 50 + jO ohms with a pi network. This has a 
three step impedance path: Z L to PI to P2 to Zi. 



3.15/1 


o 

4.I5SL 

fig. 12. Solution of series-toparallel transformation. The 
resultant impedance is 2.5 ohms. 



In either network the terminal impedance, Z1, is 
assumed the higher of the two. Although ZA has 
been treated at the input end, either network is com¬ 
pletely reciprocal. 

examples using pi networks 

Problem 1 . Match 3000 + j0 ohms to 600 + j0 ohms 
with a pi network. In this case, Q= 10. 

1. Draw a 600-ohm circle (1), fig. 8. 


2 . 


3. 


Calculate point (x,y) and plot: 

3000 
10 


y = M, 

y a 


= 300 


3000 = 3Q 


X =RL 

Q2 100 

Erect a vertical line from point PI U,;y} to intersect 
the 600-ohm circle at point P2. This is X ^ to scale 
(425 ohms). 



' | Jj° 

L—o —i -4—c^T 



fig. 11. Examples of correct impedance paths. Both show networks for matching typical power amplifier tube impedances to 
various loads. Note that the impedance paths must not pass through the origin of coordinates. 
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4. Draw circle (2). Its intercept on the vertical axis at 
302 ohms isX c/ . 

5. Draw circle (3). Its intercept on the vertical axis at 
130 ohms is X C2 . 

6. Solution: LI =425 ohms 

Cl =302 ohms 
C2= 130 ohms 

Problem 2. This is the same as problem 1, except 
22 ~ 30 ohms (fig. 9). 

1. Draw a 50-ohm circle (1), fig. 9A. 

2. Erect Xu through X = 30 to intersect the 50-ohm 
circle at point P2. This scales to y + 23, or 
Xu — 323 ohms. 

3. Draw circle (2) through point P2. It will intersect 
the vertical axis at X C 2 = 60 ohms. 

4. Solution: LI =325 ohms 

Cl =302 ohms 
C2 = 60 ohms 

Some pi-network curves for common tube load 
resistance are shown in fig. 9B. 

Problem 3. Match an antenna load of 80-j45 ohms 
to 50 ohms using a pi network (fig. 10). 

1. Construct a 50-ohm circle (1). 

2. PlotZ^ = 80-j43 ohms. 

3. Construct circle (2) through Z\_. 



fig. 14. Matching a 50-ohm resistive load to a complex load. 
The impedance path is from Z L to P2toP1. 


4. By inspection the maximum value of X L is about 
75 ohms. Select a value of 70 ohms and fit it ver¬ 
tically as PI, P2 between circles (1) and (2). 

5. Construct circle (3) through Z L . It will intersect 
the vertical axis at - 185 ohms (X2). 



fig. 13. Examples of 2-step impedance path from 75 ohms to 
50 ohms in an l network. 


6. Construct circle (4) through PI. It will intersect 
the vertical axis at - 83 ohms {X3). 


XI = 


X2*X3 

X2-X3 


(- 183) -(- 83) 


183*83 
- 102 


= — 130.3 ohms 


This is a capacitive reactance added by moving 
from 2 L to PI, along circle (2). 

choice of impedance paths 

Recall that the internal transfer impedance must be 
lower than either terminal impedance. The internal 
transfer impedance determines the Q of the pi net¬ 
work. From fig. 6, line segment OD determines this 
parameter. Therefore, from the rules of construction 
for graphical solution to these problems, it is not per¬ 
missible to choose an impedance path through the 
origin of coordinates. Examples of correct im¬ 
pedance paths are shown in fig. 11; hence, these 
show transformation between typical tube output 
impedances and various load impedances. Note that 
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fig. 15. Another example of impedance paths in network de¬ 
sign. Three different 2-step paths are shown from 7.2 to Z1 
as well as the "forbidden” path through the origin. 


the paths do not pass through the origin. While a 
600-ohm terminal impedance is not too common in 
most rf circuits these days, the example does in¬ 
dicate the principles to be followed when designing 
these networks. 

solving series and L networks 

Problem 1. Given the series circuit of fig. 12A, find 
the equivalent parallel circuit. 

1. Plot the impedance vector Z = 2+ 77 . 5 . 

2. Construct circle (1) with its center on the horizon¬ 
tal axis, which passes through the origin and Z as 
shown. It will intersect the horizontal axis at 3.15 
ohms resistance. 

3. Construct circle (2) with its center on the vertical 
axis, which passes through the origin and Z. It will 
intersect the vertical axis at 4.15 ohms inductive 
reactance. The equivalent parallel circuit is shown 

in fig. 12B. 

4. Solution. Scaling the Z vector gives an impedance 
of 2.5 ohms (3). 

Problem 2. In the network of fig. 13, it is desired to 
find X L , X c , and C for a frequency of 3.9 MHz. 

1. Construct circles (1) and (2) through 50 ohms and 
75 ohms as shown. 


2. Construct line P1-P2, which is X L series and 
scales 35 ohms. 

3. Construct circle (3) through PI. It will intersect 
the vertical axis at - 105 ohms. This is X c parallel 
capacitive reactance obtained in moving 
clockwise from 75 ohms along circle (2) to PI, 
which is directly below P2, the 50~ohm point. 

4. Solution. 

L — —— = 1.43 fiH 
2irf 2irx3.9 


10 6 

2^fXc 


10* 

2ir x 3.9 x 105 


= 386 pF 


Xi = 35 ohms 


Xc~ 105 ohms 


Problem 3. Match 50 +j0 ohm to Z L ~125-j72 
ohms, a complex load (fig. 14). 

1. Construct a 50-ohm circle (1). 

2. Plot Z L =125-j71 

3. Construct circle (2) through Z L . 

4. Construct a vertical line from P2 to PI. This is the 
series X L and scales 77 ohms. 

5. Construct circle (3) through the origin and Z^. It 
will intersect the vertical axis at - 285 ohms {X2). 



o 10 20 30 40 90 60 70 

Z (ohms) 


x.1 * aw « / 0-/25 

o—-o 

fig. 15A. Impedance path through matching network con¬ 
sisting of series L and parallel C. 
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6. Construct circle (4) through the origin and P2. It 
will intersect the vertical axis at - 110 ohms ( X3 ). 

7. When neither of the terminal points is on the 
horizontal axis, as in this case with Z L and P2, it is 
necessary to compute the value of reactance in¬ 
volved in moving from Z2 to P2. 

X1 _ X2-X3 
X2-X3 

XI = added reactance 

X2 = initial reactance 

X3 = final reactance 

XI ^ (-2**) (~ 

(-283)- (-110) 

— — 179 capacitive 

8 . Solution LI =j'77ohms, and Cl =jl70ohms. 

In fig. 15 are examples of three different choices of 
impedance paths in going from Z2 to Z1 using three 
network combinations to match a resistive 50-ohm 
load to a complex load of 10 — j25 ohms. Again, the 
"forbidden" path is not to be used because it passes 
through the origin. 

summary 

We have shown examples of solving the most 
common impedance-matching problems using sim- 



fig. 15B. Impedance path through matching network con¬ 
sisting of series and parallel L. respectively. 



fig. 15C. Impedance path through parallel and series L, 
respectively. 

pie geometric methods. The following notes are of¬ 
fered in adopting these methods for solving a wide 
variety of problems. 

1. The L-network is one of the most useful circuits 
known for matching nearly all direct-coupled tank 
systems. The examples show how to match a high- 
resistance to a low-impedance reactive load. If the 
converse is desired, it is only necessary to convert 
the reactive load to its equivalent parallel 
components. 

2. T networks are useful as harmonic attenuators in 
low-impedance transmission lines. These can be 
readily solved by treating them as two cascaded L 
sections and combining the capacitances. 

3. The pi network is used to match a wide range of 
load impedances with reasonable tank-circuit Q. 
Contrary to some popular notions, the pi network will 
not match a tube to any length of wire. The circuit is 
load-limited by the ratio of tube load and circuit Q if it 
is to perform as an efficient transformer. 3 
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how to use the 

Smith Chart 


A discussion of 
the Smith chart 
with examples 
of its use in 
transmission-line 
problems 

Although articles on the Smith chart have ap¬ 
peared in the amateur magazines from time to time, 
amateurs have made little use of this handy trans¬ 
mission-line calculator — probably because it has 
been difficult to measure complex impedances with 
simple homebuilt equipment. However, this problem 
has been solved with the simple impedance bridge 
described by W2CTK — at least for the high-fre¬ 
quency range. 1 With careful attention to lead dress 
and component layout this instrument should be 
usable on six and two meters as well. 

A quick glance at the Smith chart suggests a for¬ 
midable array of-curved lines and circles that would 
cause the most hardened technician to go into fits of 
despair. On the other hand, if you spend a little time 
with the chart and look at each of its component 
parts, it's not really very complicated. Perhaps the 
one thing that scares many prospective users is its 
unfamiliar circular shape; it's not at all like the 
straight-line graphs you're accustomed to. However, 
when you understand the chart and have mastered 
its use you'll be able to solve complex impedance and 


transmission-line problems much easier and faster 
than ever before. 

layout of the chart 

The Smith chart is basically a circle which contains 
various circular scales. The horizontal line through 
the center marked resistance component is the only 
straight line on the chart and is called the "axis of 
reals" (see fig. 1). Constant resistance circles are 
centered on the axis of reals, tangent to the rim of 
the chart at the infinite resistance point. All the 
points along a constant-resistance circle have the 
same resistive value as the point where it crosses the 
axis of reals. 

Superimposed over the resistance-circle pattern 
are portions of other circles tangent to the axis of 
reals at the infinite resistance point, but centered off 
the edge of the chart (fig. 2). The large outer rim of 
the chart is calibrated in relative reactance and is 
called the "reactance axis." Any point along the 
same constant-reactance circle has the same reactive 
value as the point where it intersects the reactance 
axis on the rim of the chart. All points on the Smith 
chart above the axis of reals contain an inductive-re¬ 
active component and those below the axis of reals 
contain a capacitive-reactive component. Since the 
calibration points go from zero to infinity, any com¬ 
plex impedance can be plotted on the chart. 

The impedance coordinates on the Smith chart 
would be of little use without the accompanying per¬ 
ipheral scales (fig. 3). These scales relate to quan¬ 
tities which change with position along a transmis¬ 
sion line. Two scales are calibrated in terms of wave¬ 
length along the transmission line: one, in a clock¬ 
wise direction, is "wavelengths toward generator," 
and the other, counter-clockwise, is "wavelengths 
toward load." The entire length of the circumference 
of the chart represents one-half wavelength. 

By James R. Fisk, W1HR, (reprinted from the 
November, 1970, issue of ham radio) 
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normalized numbers 

Normalized values must be used when plotting 
impedances on the Smith chart.* Normalized imped¬ 
ance is defined as the actual impedance divided by 
the characteristic impedance of the transmission line. 

Normalizing is done to make the chart applicable 
to transmission lines of any and all possible values of 
characteristic impedance. For example, a 50-ohm 
coaxial transmission has a normalized value of 50/50 
or 1. On this basis an impedance of 120 ohms would 
have a normalized value of 120/50 = 2.4 ohms. 
Similarly, z = 0.8 ohms (the lower case indicates a 
normalized value) would correspond to a value of 0.8 
times the characteristic impedance of the line or 
0.8X 50= 40 ohms. 

What has been said about coaxial cable with 
regard to normalized impedance applies equally to 
waveguide, where a characteristic impedance of 400 
ohms at a specific frequency would be considered 
unity in normalized form. All other values would be 
related to this value, so that a 560-ohm component 
would have the value 560/400= 1.4 ohms in nor¬ 
malized terminology, while z = 0.9 in normalized form 
would actually be 0.9 x 400 = 360 ohms. 

plotting values on the chart 

Any complex impedance, regardless of value, may 
be plotted on the Smith chart. For example, assume 
the load on a 50-ohm transmission line is 42.5 — j31.5 
ohms. This is equal to 0.85-jO.63 when normalized. 
To plot this point on the chart, locate 0.85 on the axis 
of reals and note the corresponding constant-resis¬ 
tance circle (fjg. 4). Next locate 0.63 on the peri¬ 
phery of the chart. The quantity ( —j) indicates a ca¬ 
pacitive-reactive component so the value 0.63 is on 
the lower half of the chart. Note the constant-reac¬ 
tance circle representing -j0.63. The complex im¬ 
pedance 0.85-jO.63 is at the intersection of the con¬ 
stant-resistance and constant-reactance circles. 



fig. 1. Smith chart resistance scales. 


Draw a line from the center of the chart through 
this point to the outer rim. With the point 1.0 on the 
axis of reals as the center, scribe a circle that inter¬ 
sects the impedance point. This circle is known as 
the "constant-gamma circle," and its radius is equal 
to the coefficient of reflection. The constant-gamma 
circle crosses the axis of reals at two points; the point 



fig. 2. Smith chart reactance scales. 


of intersection to the right of center is the standing 
wave ratio (2.0 in this case). 

If the voltage were measured at this point on the 
transmission line, it would be found to be a maxi¬ 
mum. Conversely, the point of intersection one-quar¬ 
ter wavelength away on the left-hand axis of reals is a 
point of voltage minimum (this point is also equal 
mathematically to the reciprocal of the swr). 

The point at the intersection of the radial line and 
the angle of reflection coefficient scale represents 
the phase of the coefficient of reflection. This is the 
angle by which the reflected wave leads or lags the 
incident wave. When these two waves add in phase 
to give maximum voltage, the impedance is resistive 
and greater than the characteristic impedance of the 
line and the angle of the coefficient of reflection 
is zero. 

As you move away from the zero-phase-angle 
point in a clockwise direction toward the generator, 
the reflected voltage lags the incident voltage, and 
the phase angle is negative for the first quarter wave¬ 
length. The reactive component of the impedance in 
this region is negative or capacitive. 

At the quarter-wavelength (90°) point the incident 
and reflected waves are out of phase and the angle of 
the coefficient of reflection is ±180°. As you con¬ 
tinue in a clockwise direction the two waves become 

"Since 50-ohm systems are standard for military and industrial use, 50-ohm 
Smith charts are available. On a 50-ohm Smith chart the center point has a 
value of 50 ohms. 
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increasingly more in phase and between one-quarter 
and one-half wavelength from the voltage maximum 
the reactive component is inductive, the reflected 
wave leads the incident wave, and the reflection co¬ 
efficient has a positive angle. 

A number of parameters are uniquely related to 
one another as well as to the magnitude of reflec¬ 
tions from the load and are conveniently plotted as 
scales at the bottom of the Smith chart. These para¬ 
meters are vswr, coefficient of reflection, vswr in dB, 
reflection loss in dB, and attenuation in 1-dB steps. 

using the smith chart 

The general utility of the Smith chart is best illus¬ 
trated by showing examples of its more common 
uses. Use of the radially-scaled parameters will be 
shown in the same way. 

Example 1. Finding standing-wave ratio. A 75-ohm 
transmission line is terminated with a load impedance 
Z L = 30-j90 ohms. What is the swr? (See fig. 5.) 

1. Normalize the load impedance by dividing by 75 

3Q—j90 _ Q 4—ji 2 
75 

2. Locate this point on the chart. 

3. Construct a constant-gamma circle so its cir¬ 
cumference passes through this point. 

4. The swr is defined by the point where the con¬ 
stant-gamma circle crosses the axis of reals on the 
right-hand side. In this case swr = 6.4. 

5. The swr may also be determined with the radial 
nomograph. This is simply accomplished by marking 
a distance equal to the radius of the constant-gamma 


circle on the radial scale labeled "standing wave 
voltage ratio/' The value of swr in dB may also be 
determined from this scale. 

swr da~ 16.1 dB 

Example 2. Finding the reflection coefficient (P) and 
angle of the reflection coefficient (0) for voltage and 
current. A 50-ohm transmission line is terminated 
with a load impedance 65-j75 ohms. What is the re¬ 
flection coefficient and angle of reflection coeffi¬ 
cient? (See fig. 6). 

1. Normalize the load impedance 

—1.3—ji. s 

50 


2. Locate this point on the chart and draw a line 
from the center of the chart through it to the outer 
scale. 


3. Construct a constant-gamma circle. 


4. The reflection coefficient may be calculated by 
measuring the radii of the constant-gamma circle and 
the Smith chart to its first periphery and by comput¬ 
ing their ratio. Smith-chart radius = 57/16 inch; con¬ 
stant-gamma radius = 32/16 inch. 


P 


32_ 

16 


57_ 

16 


= 0,56 


5. The coefficient of reflection may also be found 
on the radial nomograph. Simply mark the radius of 
the constant-gamma circle on the scale labeled 
"reflection coefficient of voltage." The constant- 
gamma radius intersects the radial scale at 0.56. The 
"reflection coefficient of power" may also be deter¬ 
mined from this same scale at 0.314. 
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6 . The angle of the reflection coefficient is defined 
by the intersection of the radial line plotted in step 2 
and the "angle of reflection coefficient in degrees" 
scale on the rim of the chart. 

P = - 46° 

Example 3. Finding input impedance, A 50-ohm 
transmission line 20 feet long is terminated with 
Z L = 30-j30 ohms. What is the input impedance at 
the sending end of the line at 14.1 MHz? (See fig. 7.) 

1. Normalize the load impedance 

50 -j™ =i-ji 
50 

2. Find the length of the transmission line in meters 
by multiplying by 0.3048.* 

20feet X . 3048 = 6.096 meters 

3. Find the electrical length of the transmission line 
at 14.1 MHz. First, determine the wavelength at 14.1 
MHz. Free-space wavelength is found by dividing the 
speed of light by frequency 

\ 3 x 10 8 meters per second ~ n/1 

A —- * --— — Zl , Z/b 771 

14.1 x 10 6 cycles per second 

Calculate the electrical length of the transmission line 

0=360° (- - ° 9 * m ) = 102° = 0.28 wavelength 
21.276 m 

4. Plot the impedance coordinates from step 1 on 
the chart and draw a line from the center of the chart 
through this point to the outer scale. 



fig. 5. Using the Smith chart to find swr (exampie V. 



fig. 6. Finding reflection coefficient with the Smith chart 
(exampie 2). 

5. Draw another line from the chart center to the 
outer scale at a point 0.28 wavelength clockwise 
(toward the generator) from the line drawn in step 3. 
Swing an arc from the center of the chart through z L 
to this line. The intersection is at z L ~0.62 + 70 , 7, the 
normalized input impedance. To find the actual im¬ 
pedance this value must be multiplied by the line's 
characteristic impedance 

Z t = 30(0.62 + j0 . 7) = 31 +J33 

Example4. Calculating load admittance. The imped¬ 
ance of a load terminating a 50-ohm transmission line 
is 75 + j82 ohms. What is the admittance of the load? 
(See fig. 8 .) 

1. Normalize the load impedance 

zl = (73 J rj82)/30 = 1.3+jl. 64 

2. Plot this point and draw a line through the 
center to the outer scale on the opposite side of the 
chart. 

3. Swing an arc through zl to the line on the oppo¬ 
site side of the chart. The point of intersection 
denotes the normalized admittance 

y L = 0.303-jo. 33 

4. Calculate the actual admittance by multiplying 
the characteristic admittance of the system times the 
normalized admittance. The characteristic admit¬ 
tance (K 0 ) is equal to the reciprocal of the character- 

* Although ali the computations may be made in feet (or inches) the metric 
equivalents are easier to work with. To convert from inches to centimeters, 
rrruftrpfy by 2.54. 
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istic impedance 


Y a = — = — = 0.02 mho 
2-o 50 

Therefore, the admittance is 

y L =0.02 (0305- jO. 33) 

= . 0061 - 0066 mho 

Example 5. Determining the effect of a characteris¬ 
tic impedance change. A 50-ohm transmission line, 
0.15 wavelength long, is terminated with 100-j0 
ohms. The 50-ohm line is fed from a 72-ohm line. 
What is the vswr in the 72-ohm line? (See fig. 9.) 



fig. 7. Using the Smith chart to find input impedance (ex¬ 
ample 3). 


1. Normalize the load impedance 


z L — (100 — jO) / 50 = 2 — jO 

2. Determine the input impedance at the point 
where the two transmission lines are connected, 0.15 
wavelength from the load. Plot the normalized load 
impedance on the chart and draw a line from the cen¬ 
ter of the chart through this point. Note that the line 
crosses the "wavelengths toward generator" scale at 
the 0.25 wavelength mark (fig. 9A). 

3. Move 0.15 wavelength in a clockwise direction 
along the "wavelengths toward generator" scale to 
the 0.40 wavelength mark. Draw a line from this 
mark through the center of the chart. Swing an arc 
through z L . The intersection of the arc and the radial 
line denote the input impedance to the 50-ohm trans¬ 
mission line 0.15 wavelength from the load 

z A = 0.68 -jO. 48 

4. Find the impedance at point X (fig. 90 and nor¬ 
malize to the 72-ohm line. The impedance at point X 



fig. 8. Calculating load admittance (example 4). 


is 50(0.68- jO. 48) ~ 34- j24 ohms. Normalize this 
value to the 72-ohm line 

(34 —j24)/72 = 0.47-jO. 33 

5. Plot this point on the chart (fig. 9B) and draw a 
circle through z A to the "axis of reals." The vswr in 
the 72-ohm line is 2.5:1. The vswr can also be found 
with the radial nomograph as outlined in example 1. 

In the upper vhf region ordinary capacitors and 
inductors cannot be relied upon to act as pure reac¬ 
tances, and sections of transmission line are often 
used in their place since any input reactance may be 
obtained with the proper length of open- or short-cir¬ 
cuited line. 



fig. 10. Using a transmission line as a circuit element (ex 
ample 6). 
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fig. 9. Determining the effect of a characteristic impedance 
change (example 5). 


Example 6. Transmission lines as circuit elements. It 
is desired to obtain + j 100 ohms reactance with a 50- 
ohm short-circuited transmission line as the circuit 
element. What length is required? {See fig. 10.) 


1. Normalize the desired reactance 

z = (4- jlOO)/ 50 = +j2 

2. Since the line is short-circuited, 

Z L -0 +j0, and = 0 ohms. 

3. Plot these two points on the chart and draw 
lines from the center of the chart through each of 
them. On the "wavelengths toward generator" scale 
there is a distance of 0.176 wavelength between the 
two lines. Therefore, a transmission line 0.176 wave¬ 
length long is required for a reactance of + jlOO. (At 
144 MHz, +j100 represents an inductance of 

0,11 m h.) 

Example 7. Finding matching stub length and loca¬ 
tion. A 50-ohm transmission line is terminated with a 
load impedance of 32 + j20 ohms. A matching stub is 
to be used to provide a match to the line. Both the 
length of the stub {/ s l and its distance from the load 
</ d ) are variable; find / s and / d . (See fig. 11.) 

1. Normalize the load impedance 

z L = (32 +j20)/50 = 0.64 +j0.4 

2. Locate this point on the chart and draw a line 
through it and the chart center, extending the line 
through the peripheral scales in the negative, or bot¬ 
tom, portion at 0.336\(B = -62°) 

3. Construct a constant-gamma circle through z Lt 
on through the admittance point y Lt and intersecting 
the unity conductance circle <G-1) at point A. 

4. Draw a line from the chart center through point 
A to the outer scale at 0.348\(or 0- - 71°). Id, the 
distance from the load to stub, is the distance from 
0.336 to 0.348. 

l d = (0.348-0 . 336) = 0.012\ 

0 — 71° - 62° = 9° (4.5 electrical degrees) 

5. To find the length of the stub, determine the 
amount of susceptance necessary to match out the 
load. The required susceptance is the difference be¬ 
tween the susceptance at point A and the suscep¬ 
tance at the center of the chart. The susceptance at 
point A is - j0.67. The required stub susceptance is 

= +J0.67 

6 . Determine the equivalent stub reactance by tak¬ 
ing the reciprocal of the susceptance {as described in 

example 4). 

X= -jl.49 

7. Locate the reactance -jl.49 on the rim of the 
chart {point B). Determine the distance between the 
short-circuit point and the required reactance {point 
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B) along the "wavelengths toward generator" scale. 
l s = 0.344\, (# = 248°, 124 electrical degrees). 

For practical reasons it may not be possible to 
place a shunt stub only 4.5° from the load. It may be 
necessary to increase the distance l D to the next 
point where G=7 (not R = 1), represented by point 
C, fig. 11A. In this case l D would be measured, 
clockwise from 0.336 through 0.50 to 0.151. Using 
the reflection coefficient scale, from 6= -62° to 
180° plus 180° to + 71 °, which totals 227°R, or 113.5 
electrical degrees. This represents 0.316X. This will 
require a +jX stub, length shown as l s (C), of the 
same numerical reactance value as before. 

lossy lines 

All the examples shown so far have assumed no 
attenuation in the transmission line. Since all lines 
have some loss, this must be considered to find the 
actual case. However, at many amateur frequencies 
loss is low enough to be neglected. Nevertheless, at 
144 MHz and above, line loss should be considered 
when using the Smith chart. 

Attenuation along a uniform transmission line 
causes the impedance point to spiral inward toward 
the center of the chart when moving toward the gen¬ 
erator; when moving toward the load the impedance 
point spirals outward toward the rim of the chart. 
The rate at which the spiral approaches the center (or 
the rim) depends upon the attenuation as well as the 
starting point. Impedance points near the rim are af¬ 
fected more per dB of attenuation than points near 
the center. 

The attenuation effect is easily determined with 
the scale at the bottom of the Smith chart labeled 
"transmission loss, 1-dB steps." Since the intial 
point on this scale must apply to any point on the 
chart, it is laid out without numerical calibration. The 
opposite attenuation effects of moving toward the 
load as opposed to moving toward the generator are 
indicated by arrows on the scale which show the pro¬ 
per direction to move the corrected impedance point. 
Thus, to determine the effect of 2-dB attenuation, 
simply mark off two 1-dB intervals in the proper di¬ 
rection along the scale from the initial starting point 
before reading the actual impedance coordinates. 

Example 8. Impedance transformation through a 
lossy line. A 50-ohm transmission line 24 centimeters 
long is terminated with 10 — j 10 ohms. What is the in¬ 
put impedance to the line at 250 MHz if the attenua¬ 
tion of the line is 2 dB? (See fig. 12.) 

1. Normalize the load impedance 

z L = (10 - jl0)/50 = 0.2-jO.2 



o 



fig. 11. Finding matching stub length and location (ex¬ 
ample 7). 


i 
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2. Find the electrical length of the line at 250 MHz. 


X = 


300x 10* 
230x10 6 


= 120 cm 


The electrical length of the line is 

6= 360°( ?^ cm )~ 72° ~ 0.2 wavelength 
120cm 6 


3. Plot the impedance from step 1 on the chart 
and draw a line from the center of the chart through 
this point to the outer scale. 

4. Draw another line from the chart center to the 
outer scale at a point 0.2 wavelength clock-wise 
{toward the generator) from the line passing through 
z L . Swing an arc through to this line. The intersec¬ 
tion point denotes z t = 0.71 +jl .52 ohms. This is the 
normalized solution for the lossless case. The rf 
energy from the generator is attenuated 2.0 dB on 
reaching * L , and the voltage reflection coefficient is 
lower than the lossless case. Since the voltage reflec¬ 
tion coefficent varies directly with the power ratio of 
one-way line attenuation, the reflection coefficient is 
reduced to 


antilog 2 - °l~~ =0 6)1 

5. The reflection coefficient (P Q ) for the lossless 
case is 0.68 (found on the scale at the bottom of the 
chart). The actual coefficient of reflection may be 
calculated by multiplying the lossless coefficient of 
reflection by the power ratio from step 4. 

0.631 P 0 = 0.631 (0.68) - 0.429 

6. Swing an arc equal to the ratio P j = 0.429 so it 
intersects the line drawn through z{, the radius of this 



fig. 12. Impedance transformation through a lossy trans- 
mission line (example 8). 



o 


fig. 13. Using the Smith chart to find load impedance from 
vswr and position of the first voltage minimum on a slotted 
line (example 9). 


arc can be found on the "'voltage reflection 
coefficient" scale on the bottom of the chart. The 
normalized impedance for the lossy case is 
1.08+jl. 05. The actual input impedance is 

Zj= 50(1.08 +J1.05) == 54 + 52.5 ohms 

slotted lines 

At frequencies above 300 MHz conventional im¬ 
pedance-measuring instruments give way to the slot¬ 
ted line. A slotted line is essentially a section of trans¬ 
mission line with a small opening so you can use a 
probe to measure the voltage along the line. Vswr is 
easy to determine with the slotted line since it's the 
ratio of the maximum voltage along the line to the 
minimum. With the known vswr and position of the 
first voltage minimum, the impedance of the load can 
be quickly found with the Smith chart. 

Example 9. Calculate the load impedance from the 
vswr and position of the first voltage minimum. A 50- 
ohm transmission line has a vswr of 2.5; the first 
voltage minimum is 0.1 wavelength from the load. 
What is the impedance of the load? (See fig. 13.) 

1. Draw a radial line from the center of the chart 
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fig. 14. Use of the expanded Smith chart, impedance points in A are too close together; expanded chart in B is 
easier to work with. 


through the 0.1 wavelength mark on the "wave¬ 
lengths toward load" scale. 

2. Find the 2.5 point on the axis of reals and draw a 
constant-gamma circuit through this point to inter¬ 
sect with the 0.1 -wavelength line. 

3. Read the coordinates of this intersection to ob¬ 
tain the normalized impedance of the load 

Zi~0.56-j0.57 

Z L a 50(0.56 - JO. 57) = 28 -j28 .5 ohms 

If you use twin-lead or open-wire feedline this tech¬ 
nique could be used to determine the impedance of 
your antenna. However, the voltage probe must be 



The Smith chart rubber stamp is 10cm (4 in) in diameter. 


held a uniform distance away from the line for all 
measurements, and must not be so close that it dis¬ 
turbs the electric field around the conductors. 

expanded smith charts 

The more closely an antenna is matched to a trans¬ 
mission line, the closer the impedance points are to 
the center of the Smith chart. In a well-designed 
system the impedance points may be so close to the 
center of the chart that it's difficult to work with 
them. When this happens it's best to use an expand¬ 
ed Smith chart. Two versions are commonly avail¬ 
able: one with a maximum swr of 1.59, the other with 
a maximum swr of 1.12. 

The use of the expanded Smith chart is shown in 
fig. 14. In fig. 14A the impedance plot of a well- 
matched 10-meter beam over the low end of the 
phone band falls very close to the center of the chart. 
When these same impedance points are plotted on 
the expanded Smith chart in fig. 14B they are much 
easier to read and work with. 

where to buy them 

Smith charts can usually be purchased at college 
bookstores in small quantities, or in larger quantities 
from Analog Instruments Company or General 

* Smith chans from Anafog Instruments come in packages of TOO sheers. 
$4.75 the package. For standard charts order 82 BSPR; expanded charts 
(maximum swr -1.581, order 82 SPR; highly expanded (maximum 
swr-1.12). order 82 ASPR. Analog Instruments Company, Post Office 
Box 808, New Providence, New Jersey 079 /4. 

Smith charts from General Radio are available in pads of 50 sheets, $2.00 
per pad. for standard charts, normalized coordinates, order 5301 7560; 50~ 
ohm coordinates, order 5301 7569; normalized, expanded coordinates, 
order 5301 7561. General Radio, West Concord. Massachusetts 01781. 
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Radio/ If you buy directly from the manufacturer, 
there's a minimum order quantity, so it might be a 
good idea to get your radio club to sponsor the pur¬ 
chase. 

Another solution is the Smith-chart rubber stamp 
shown in the photo. This stamp is 10 cm (about 4 
inches) in diameter and presents an adequately de¬ 
tailed grid structure for most engineering problems. 
The rubber surface of these stamps is cast from 
metal dies, and is dimensionally compensated for 
rocker-mount ellipticity and shrinkage. The capacity 
is well over a million impressions so you should never 
be able to wear it out. The stamps are available in 
standard (vswr=oo) or expanded form (vswr=1.59 



fig. 15. Smith chart calculator provides rapid answers to 
complex impedance problems. 


or 1.12) from the Analog Instruments Company. 
Cost is $14.75 each. 

If you don't need a permanent record of your 
Smith chart calculations, the calculator shown in fig. 
15 provides rapid answers to complex impedance 
problems. This calculator is constructed from two 
laminated plastic discs and a radial arm pivoted at the 
center with a sliding cursor. This calculator, which is 
9-1/2 inches (24 cm) in diameter, is priced at $9.95 
and is available from the Ham Radio's Communica¬ 
tions Bookstore, Greenville, New Hampshire 03048. 
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FREQUENCY COUNTERS 

BY POPULAR DEMAND —* we are continuing to offer 

^FREE ' W ' th any purchase of or more from ad or 

lA f \ 3 Fairchi,d c,ock m °dule FCS-8100A 
y (suggested retail price $20). 



COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART 
NEEDED TO MAKE YOUR COUNTER COMPLETE. HAL-6Q0A 
7-DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO TO 
600 MHz. FEATURES TWO INPUTS: ONE FOR LOW FRE¬ 
QUENCY AND ONE FOR H|GH FREQUENCY; AUTOMATIC 
ZERO SUPPRESSION. TIME BASE IS 1.0 SEC OR .1 SEC 
GATE WITH OPTIONAL 10 SEC GATE AVAILABLE. ACCURACY 
±.001%. UTILIZES 10 MHz CRYSTAL 5 PPM, 

COMPLETE KIT ..... $149.00 

HAL-300A 7-DIGIT COUNTER WITH FREQUENCY RANGE OF 
ZERO TO 300 MHz. FEATURES TWO INPUTS: ONE FOR LOW 
FREQUENCY AND ONE FOR HIGH FREQUENCY; AUTOMATIC 
ZERO SUPPRESSION. TIME BASE IS 1.0 SEC OR .1 SEC 
GATE WITH OPTIONAL 10 SEC GATE AVAILABLE. ACCURACY 
±.001%. UTILIZES 10-MHz CRYSTAL 5 PPM. 

COMPLETE KIT ....... $124.00 

HAL-50A 8-DIGlT COUNTER WITH FREQUENCY RANGE OF 
ZERO TO 50 MHz OR BETTER. AUTOMATIC DECIMAL POINT, 
ZERO SUPPRESSION UPON DEMAND. FEATURES TWO IN¬ 
PUTS: ONE FOR LOW FREQUENCY INPUT, AND ONE ON 
PANEL FOR USE WITH ANY INTERNALLY MOUNTED HAL- 
TRONIX PRE-SCALER FOR WHICH PROVISIONS HAVE AL- 
READY BEEN MADE. X.O SEC AND .1 SEC TIME GATES. 
ACCURACY ±,001%. UTILIZES 10-MHz CRYSTAL 5 PPM. 
COMPLETE KIT ...... $124.00 


HAL-TRONIX BASIC COUNTER KITS 
STILL AVAILABLE 

THE FOLLOWING MATERIAL DOES NOT COME WITH 
THE BASIC KIT: THE CABINET, TRANSFORMER, 
SWITCHES, COAX FITTINGS, FILTER LENS, FUSE 
HOLDER, T-03 SOCKET, POWER CORD AND MOUNT¬ 
ING HARDWARE. 

HAL-600X (Same Specifications as HAL-600A) $124.00 

HAL-300X (Same Specifications as HAL-300A).__. $99.00 

HAL-50X (Same Specifications as HAL-50A) . $99.00 

PRE-SCALER KITS ——— 

HAL-0‘300PRE (Pre-drilled G10 board and all com¬ 
ponents) . $19.95 

HAL-0-300P/A (Same as above but with preamp) 

$29.95 

HAL-0-600PRE (Pre-drilled G10 board and all com¬ 
ponents) . $39,95 

PRE-BUILT COUNTERS AVAILABLE 

(HAL-600A — $229.00) (HAL-300A — $199.00) (HAL- 
50A — $199.00). ALLOW 4- TO 6-WEEK DELIVERY 
ON PRE-BUILT UNITS. 


HAL-TRONIX 

(M' P. 0. BOX 1101 

SOUTHGATE, MICH. 48195 

HAL HAJfOtO C NOWLANO * 

W8ZXH PHONE (313) 285-1782 

ORDERS OVER $15.00 WILL BE SHIPPED POSTPAID 
SHIPPING EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES 
ARE REQUESTED. ON ORDERS LESS THAN $15.00 
INFORMATION: PLEASE INCLUDE ADDITIONAL $1.00 FOR HANDLING 
AND MAILING CHARGES. 

SEND SASE FOR FREE FLYER 
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numerical smith chart 


How to use 
the hand-held 
programmable calculator 

to execute 
Smith-chart problems 

In this day of handheld programmable calculators, 
the graphical solution of transmission-line problems 
with the Smith chart seems unnecessarily cumber¬ 
some. Presented here is a derivation of the formulas 
upon which the Smith chart is based along with a 
program I have written for the HP-25 programmable 
calculator which numerically does Smith Chart trans¬ 
mission-line calculations. 

The derivation and program are presented in such 
a way that it is possible to go directly to the program 
(page 6) and the explanation of its use. 

formula derivation 

Suppose you have a foss/ess transmission line of 
characteristic Z Q (ohms), of electrical length 6 (in 
degrees), at frequency/(in Hz), terminated with the 
complex impedance R+jX (ohms) at the far end 
(fig. 1). You wish to determine the impedance Z t of 
this line as seen from the near (input) end. 

A constant voltage source of frequency / is con¬ 
nected to the input and time is allowed for the sys¬ 
tem to relax into a steady state. The voltage of the 
source is now the sum of two distinct and measur¬ 
able voltages; incident (outgoing) and reflected , 

*To generalize Ohm's law to ac circuits it's necessary to write voltages and 
current in the complex form aei w1 rather than in the more familiar form 
a*sinu;t. 


Suppose at the input end the outgoing voltage at 
time t (seconds) is 

V Q (t) = aei^oft (1) 

referenced to the bottom conductor.* Let t 0 be the 
time required for this voltage to reach the far end. 
Then the outgoing voltage which appears across the 
termination at time t is exactly V 0 (t-tJ , the out¬ 
going voltage that appeared at the input terminals t 0 
seconds in the past (fig. 2)! 

Let the reflected voltage appearing at the termina¬ 
tion at time t be V r (t). Then the reflected voltage ap¬ 
pearing at the near end is V r (t-t a ). 

In effect there are two generators: one at the input 
end generating an outgoing voltage of value V Q (t), 
and a generator at the far end simultaneously genera¬ 
ting a reflected voltage of value V r (t). 


o- 


Zf z Q \ \ X + jX 


O... 1 

fig. 1. Lossless transmission line with characteristic impe¬ 
dance Z 0 , electrical length 0. and terminated with R+jX . 
Formulas are given in the text for calculating the input im¬ 
pedance of the line Z t . 

Let's first examine what is happening at the far 
end. At the termination the outgoing current, togeth¬ 
er with the reflected current, must total the current 
through the termination. 

V 0 (t-t 0 ) _ V T (t) = V 0 (t-to)+V r (t) (2) 

z Q z 0 r +yx 

The minus sign before the second term corrects for 
the fact that reflected current is moving right to left 
rather than left to right (this is essentially why the 
standard reflectometer circuit can separate incident 

By C. R. MacCluer, W8MQW, 1105 Orchard, 
Lansing, Michigan 48912 
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voltage from reflected voltage). Dividing through by 
Vjt - t Q ) and setting 

(the complex coefficient 
V 0 (t - t Q ) of reflection) 

we obtain 

7j^p_ = 7 + P 
' Z Q R+jX 

Solving for P 


The quantities V 0 (t) and V r (t-t 0 ) differ possibly in 
amplitude and phase, but not in frequency, so their 
quotient is constant! Therefore 

VJL-1A = 

Vo(t) Vo(t~ta) 

VM \ (VJt-lQX (8) 

Vo(t-tJ)\ V r (t) j 


P = R + jX — Z n _ r + jx - 7 
R + jX + Z a r +jj c + 7 


(3) But 


V r (t-2t 0 )/V T (t) = e-j2* 


Therefore 


p = - 1 ~ z ^ Z ~ 1 

1 + z 2+7 


(4) 


Hence 


Vrft tp) = p e -j2& 

V Q (t) 


(9) 


where 

z ~ 5 +jX = r ->rjx (normalized termination) 

Z 0 

Meanwhile, back at the input end of the transmis¬ 
sion line, the source voltage V is the sum of the out¬ 
going and reflected voltages 

v= V 0 (t)+ v/t-tj (51 

The current I drawn from the source is the total of 
the outgoing and reflected currents 

/= Vq(0 — Kill ~ Lol /g} 

z 0 Z Q 

(The minus sign is used for reverse current, as 
before.) Therefore, the impedance Z t is found by 
dividing equations 5 and 6. 


Combining equations 7 and 9 yields the Smith chart 
formula for lossless lines: 






/ 7 + Pe'JM \ 
\l~ Pe~jM ) 


( 10 ) 


where 


P = 


z-7 

2+7 


2 = 


R+jX 

Z 0 


— r +jx 


lines with loss 

Let's now assume that the transmission line is 

V r (t) = ae + <t>) and so 


Z=I_ = VqM + Vr(t~t 0 ) 

1 1 VM Vr(t-tn) 

Zo Zq 

= z l +K(t-U/VJ t) (71 
° l~Vr(t~tJ/V 0 (t) 










R + jX 


But 


Vr(t-2t 0 ) = geM'-toJ**! = ,-, 2u<0 
V r (t) aeJ( t + 6) 


2uit 0 = 2* 360ft 0 — 26 


lossy, say A dB per degree of length. Power P 2 intro¬ 
duced at one end of the line will be attenuated to 
power P 2 at the other end where 

- A6— 10log ^2 (i V 

7/ 


O- 

•- rwe « to -•> 

fig. 2. If a constant voltage source. V(t), at frequency / is 
connected at the input, and t a is the time required for the 
voltage to reach the far end, then the outgoing voltage 
which appears across the termination at time t is exactly 
V Q (t~to), the outgoing voltage that appeared at the input 
terminals t Q seconds in the past. 


Dividing through by 10 and exponentiating yields 

P 2 = Pj(10 A6/10) 

Thus outgoing voltage will be decreased (attenuated) 
by a factor of ct = 10 Ad/2 ° at the termination and 
reflected voltage has also decreased by the factor a 
at the near end (fig. 3). 
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table 1. Example of HP-25 Smith chart calculations to find the complex impedance at the generator (input) end of a transmis¬ 
sion line, reflection coefficient, and vswr, given the complex impedance of the termination. 




jX L 

L 

f 



(ohms) 

(ft) 

(MHz) 

V 

1 

73 

+ j16 

85 

3.6 

0.66 

2 

32 

-(5 

100 

7.1 

0.66 

3 

50 

jO 

250 

3.8 

0.66 

4 

100 

+ j100 

100 

14.2 

0.66 

5 

18.14 

- j35.40 

100 

14.2 

0.66 

6 

75.00 

- j30.00 

- 

- 

- 

7 

28.74 

H11.49 

- 

- 

- 


With these losses in mind let's again derive the 
Smith chart formulas. In our calculations at the ter¬ 
mination replace V 0 (t - 1 0 ) with aV 0 (t-1 0 ). In the cal¬ 
culations at the input end replace V/t ~ tj with 
aV/t-tJ. The result will be the Smith chart formu¬ 
las for transmission lines with loss 

7=7 1 + f) e-J 2e JQ- A6/1 ° ( 12 ) 

* ° 1-9 e ~j2Bio-A6/10 

where 

p = *slL 

2+7 

_ H + /X 

Z z 

In practice suppose a transmission line has length L 
(feet) and a loss of d dB per 100 feet. Since 
Ad = Ld/100, the attenuation factor 

a 2= io~ Ad/io= io~Ld/1000 ( 13 ) 

HP-25 program 

Suppose you have a lossless transmission line of 
characteristic impedance Z 0 (ohms) of electrical 
length $ (degrees) at the frequency / (MHz) termi¬ 
nated in a complex impedance R^j^L (ohms). You 
wish to compute the impedance Z t of this line as seen 
from the input end (fig. 1). The HP-25 program in 
fig. 4 can be used to calculate Z v To use this pro¬ 
gram, follow the following steps: 

1. Key in program. 

nV'd-io )—— «•— Vf(t) 


R 4- jX 


o --■ 

fig. 3. When a transmission line is lossy, the outgoing volt¬ 
age is attenuated by the factor a = 10 A(J/20 at the termina¬ 
tion, and reflected voltage is also decreased by the factor 
a at the input end. 


z„ Ri jXi 


(ohms) 

(ohms) 

Q 

vswr 

50 

63.29 

H22.45 

0.226 

1.58:1 

50 

34.98 

H‘12.49 

0.227 

1.59:1 

73 

51.47 

H 8.99 

0.187 

1.46:1 

50 

18.14 

H35.40 

0.620 

4.27:1 

50 

15.18 

4 j26.18 

0.620 

4.27:1 

50 

28.74 

4 j11.49 

0.304 

1.87:1 

50 

75.00 

H30.00 

0.304 

1.87:1 


2. Store load resistance Ri in Register 0 
|i? L STOO). 

3. Store load reactance jX L in Register 1 
<X L ST01). 

4. Calculate line length 9 in degrees using the 
following formula, and store in Register 2 
(0STO2) 

36 0 L £ =Q 3659 Lf_ u■ t j 
984v v U 

M OLL = 1,204 LL (meters) 

299v v 

where L is the length of the line in feet or meters,/is 
the frequency in MHz, and v is the transmission line's 
velocity factor. 

5. Store transmission line impedance Z 0 in Register 
3 (Z 0 STO 3). 

6. Press R/S key to run program. 

7. Calculator displays real part R ? of the input im¬ 
pedance (reactive part/X/s in the y register). 

8. Press x^zy key to display reactive part/X, of the 
input impedance. 

9. Coefficient of reflection P is available in Reg¬ 
ister 5. 

10. Manually calculate vswr from 


Several sample runs are shown in table 1. 

It is a commonly held misconception that transmis¬ 
sion lines transform symmetrically; many amateurs 
believe that if a transmission line terminated with Z1 
yields Z2 at the input (generator) end of the line, the 
same line terminated with Z2 will yield Z1 at the gen¬ 
erator. Except for lines which are one-quarter wave¬ 
length long {6=90 degrees ), or multiples thereof, this 
is not true. For example, a shorted 45° (X/8) length 
line of characteristic impedance Z Q has impedance 


0 

(deg) 

169.62 

393.57 

526.61 

787.14 

787.14 

90 

90 
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Z —jZ Q tan 45°—jZ 0 , yet this same line, when termi¬ 
nated by jZ 0 , is equivalent to a shorted quarter-wave¬ 
length line and hence has infinite impedance. 

The special case of the quarter-wavelength trans¬ 
mission line is illustrated in lines 6 and 7 of table 1. 
Here a 50-ohm transmission-line termination of 
75 — j30 ohms is transformed to 28.74 +jl 1.49; the 
same line terminated with 28.74 + jl 1.49 yield 75 - j30 
at the generator end. 

To use the HP-25 program in fig. 1 to calculate the 
impedance of the termination Z L given the imped¬ 
ance Zi at the generator, store the real part R t in 
register 0 (Rj STO 0, Step 2), and the reactive part 
jXi in register 1 (X ? STO 1, Step 3). In Step 4 store 
-0in Register2 (-0 STO2). 

program modification for lines with loss 

Suppose that the transmission line is lossy. Modify 
the previous HP-25 program by inserting an R/S be¬ 
tween Steps 34 and 35, renumber succeeding steps, 
and at Step 28 replace the GTO 43 with GTO 44. To 
use the modified program, Steps 1 through 5 are the 
same as before. 

6 . Compute the factor <x 2 = lQ-Ld/iooo where d is 
the loss of the line in dB per 100 feet. Store the 
result in Register 6 (a 2 STO 61. 

7. Press the R/S key; the routine will stop at Step 
35 at the inserted R/S. 

8. Recall the factor a 2 from Register 6 and press X. 

9. Press R/S key. 

10. Calculator displays the resistive part of Z, (reac¬ 
tive part of Z, is contained in the y register). 

11 . Compute the swr at the input as before. 

To compute the swr at the termination, calculate 
P ' =r p/ot 2 — plO L d/1000 

and proceed as before with P replaced by P '. 

To use this program ''backwards'" (to find the ter¬ 
mination impedance Z L given the input impedance 
Z t ), store Zi in Steps 2 and 3, store - 0 in Step 4, and 
in Step 6 store 1/a 2 - io Ld/100 °. The swr calculated 
at Step 11 will now be the swr at the termination. To 
calculate the swr at the input end of the line, the 
value P' found in Register 5 must be replaced by 
P = P' a 2 before proceeding as in Step 11. 

As an example, consider the amateur who uses his 
75-meter dipole for two-meter fm. Assuming 120 feet 
(36.6m) of RG-58/U coaxial cable iv=0.66, d=5.7 
dB loss/100 feet at 144 MHz), what is the swr at the 

'Copies are available from ham radio upon receipt of a self addressed, 
stamped envelope. 


HP-25 Program Form 

Transmission tine impedance tranafo rmatlon (comp lex Zi given Zl) 



fig. 4. HP-25 program for calculating the impedance as seen 
at the input end of a lossless transmission line white ter¬ 
minated in a complex impedance. 


input end of the line? (The antenna feedpoint im¬ 
pedance is assumed to be 2000 - j800 ohms.) 

9=0.3659 =0.3659 120 ' 14 i =9579 

v 0.66 

a 2 — 10~ Ld/iooo = 0.207 

Zi— 52.83 —J21.35 ohms 

swr =1.49:1 

Because of high line loss, the swr at the input end of 
the line is only 1.5:1, even with the outrageous 
mismatch at the antenna! In contrast, consider the 
same case with a lossless transmission line: 

Z{ = 2.99— J64.16 
swr = 44:1 

The two HP-25 programs presented here are inval¬ 
uable time savers when it comes to making transmis¬ 
sion line calculations. I have also written a facile pro¬ 
gram for the HP-67 programmable calculator which 
includes all the above features.* 

ham radio 
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10 GHz Gunnplexers 

Dear HR: 

f was very happy to see the article 
on 10 GHz in April, 1977, ham radio . 
This band has been of interest to me 
for more than 20 years. In 1955, I 
built a system using reflex klystrons 
and obtained good results. Two years 
ago, I built a system similar to the one 
described and have obtained results 
much the same as discussed in the 
article. 



In the new system, two Microwave 
Associates 86656D transceivers are 
used. As can be seen in the photo¬ 
graph, the horns are homemade. In 
the enclosure, the microphone ampli¬ 
fier is on the left, an inexpensive fm 
broadcast receiver is on the right, and 
the voltage regulator is at the rear. 
These transceivers do not have a 
varactor diode; the Gunn diode bias 
voltage controls all frequency 
changes, both modulation and basic 
frequency. This system seems to 
work quite well. 

I've experienced the same fre¬ 
quency stability problems described. 


even with very good voltage regula¬ 
tion. Temperature variations are 
mostly to blame. 

So far I have not developed any 
form of afc system. The crystal con¬ 
trol method looks like it would keep 
the Gunn transmitter close to a given 
frequency but it also appears quite 
complicated. I like the idea of using 
the afc or discriminator output to 
control the voltage regulator. It ap¬ 
pears to be quite simple yet, will pro¬ 
vide a perfect lock. 

Allen C. Webb, W5RLG 
Richardson, Texas 

receiver recovery 
in the SB102 

Dear HR: 

The ham notebook article (March, 
1977) by W2CNG, regarding exces¬ 
sive recovery delay in the CW mode 
of Heathkit's SB102, is not unique as 
the same problem occurs in other 
Heath transceivers. The root of the 
problem may well lie in the fact that 
all SB100 series, HWlOOs, and 
HWlOls are not the same, some hav¬ 
ing been modified, while others are 
later models. 

Opening up the screen voltage sup¬ 
ply line to cut off pentodes and tet¬ 
rodes is not without its problems, es¬ 
pecially since small amounts of cur¬ 
rent can flow from plate to screen. 
There's an additional problem if other 
tubes are connected to the same 
screen line. This was originally de¬ 
scribed in the article by Peterson and 
Williams (QST, January, 1969) which 
points out that the screen voltage 
from 6146s (with continuous plate 
voltage) had been observed to rise as 
much as 20 volts when the screen 
supply was opened. 

Accordingly, the placement of very 


high back resistance silicon diodes in 
the screen circuit of the 6146s and 
6 CL6 driver, will in most cases pre¬ 
vent the screen voltage, at V2, from 
rising during the receive condition (in 
the CW mode). 

Changing tubes will help in many 
instances, but the root of the problem 
will remain if it is due to small 
amounts of current circulating back 
through the supposedly "open" 
screen circuit. 

W. H. Fishback, W1JE 
Chatham, Massachusetts 

regulated power 
supplies 

Dear HR: 

I must congratulate K5VKQ on 
his article concerning the design of 
regulated power supplies. I feel that 
this type of article is needed by most 
amateurs. 

I would like to point out that in the 
design example, with an average in¬ 
put voltage to the regulator of 13.5 
Vdc, and a current drain of 1 ampere, 
the regulator must dissipate 8.5 
watts, with an output voltage of 5 
volts. However, the LM309K will 
only dissipate 3.5 watts, without a 
heatsink at an ambient temperature 
of 25° centigrade. Therefore, poten¬ 
tial builders/designers should con¬ 
sider power dissipation in the reg¬ 
ulator, Pdiss- t'our) (h,o.'tr))' 

Allowable power dissipation values 
vs ambient temperature curves are 
readily available in most data books, 
along with recommended heatsink 
types. 

Wayne Whitman, W9HFR 
Oconomowoc, Wisconsin 

mospower fet 

Dear HR: 

As pointed out by Johnson in the 
RCA Review (March, 1973) and in 
the United States Patent 3,174,462, 
all types of fet devices have a diffu¬ 
sion mode of operation which ideally 
provides a device transconductance 
— per-unit-current of approximately 
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39000 micromhos of transconduct¬ 
ance per milliampere of drain cur¬ 
rent. The junction fet can provide 
this transconductance over as much 
as five orders of magnitude variation 
in drain current. Over this range, it 
behaves essentially like a bipolar 
transistor. 

Transconductance efficiency, the 
percentage of transconductance per 
unit current which the user can ob¬ 
tain from a practical device in his 
circuit, is of major importance to 
amateurs since it controls both the 
efficiency of the device as a low noise 
(front end) amplifier, and also the 
power handling ability of mospower 
devices. In the low noise application, 
maximum efficiency is required, 
while in power applications, quite 
low values of efficiency may be de¬ 
sirable. 

All solid-state amplifiers are vol¬ 
tage-gain limited, not current-gain 
limited. For this reason, the output 
supply voltage which may be used 
with an rf amplifier can be expressed 
in terms of a simple equation: 

V (id = A/x 

where V (i(i is the drain supply vol¬ 
tage, x is the (decimal) value of 
transconductance efficiency, and A 
is a small number, typically near 
unity, but almost never over ten. 
(This equation may easily be con¬ 
firmed from data sheets on power 
electron tubes as well as transistors 
of all kinds.) 

If freedom from oscillation and 
spurious transients is necessary, 
overall stage voltage gain for any 
solid-state rf amplifier must be limited 
to approximately ten. (To prevent 
TV), for example.) Use of voltages 
higher than indicated by the equa¬ 
tion lead to a variety of problems, ex¬ 
cess phase shift, improper bandpass 
responses, excessive dissipation, or 
birdies. 

The field-effect transistor, and par¬ 
ticularly the mospower unit, may 
lead to a breakthrough in the applica¬ 
tion of semiconductors to rf power 
amplifiers, possibly breaking the 


present practical limit of 50 watts 
per device for bipolar devices in the 
common-base configuration. The fet 
uses an insulated-gate structure simi¬ 
lar to that described in the patent for 
diode fet devices, with corresponding 
power and frequency response char¬ 
acteristics. It looks like a bipolar tran¬ 


sistor but forms a channel against the 
insulated gate. Since the device is 
forward biased, it behaves as a bi¬ 
polar transistor so is limited by the 
high value of x, near unity, which is 
typical of bipolar devices, 

Keats A. Pullen, W3QOM 
Kingsville, Maryland 


220 MHz now cleared and 
available for amateur use. 

Now that the possibility of class E CB use of 220 MHz has been 
dropped, this wide open, uncluttered band is available for ama¬ 
teur use. And Lunar brings you an inexpensive way to get on 
220 ! 


LUNAR T-220-28 
220 MHz TRANSVERTER 


Receives 220 MHz and converts it to 28 
MHz 2 dB nominal NF. Converts your 1 
to 5 mW 28 MHz SSB/CW to 220 MHz 
at 10 watts. 

Modularized construction for in¬ 
creased system flexibility and easy 
trouble shooting. Local oscillator out¬ 
put clean to below -50 dB. All harmo¬ 
nious and spurious signals on transmit 
in excess of -60 dB. Selectable 28 to 
220 or 222. 


External attenuators to decrease your 
transmitter output to appropriate level 
are available as accessories. Other IF's 
will be available soon. 

Get ready now for the ARRL’s June and 
September VHF contest, and the new 
UHF contest (220 MHz and up, only) in 
August. 

Lunar Transverter models available for 
other VHF bands. See your dealer or 
write for complete information. 


LUNAR’S 
HIGH POWERED 
Model 1.3M10-70P 
LINEARIZED AMPLIFIER 

70 watt output pre-amp combination. 

Now available at your Lunar dealer. 

SEE YOU AT DAYTON! 
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remote-switching 

circuit 

A reliable and inexpensive circuit 
for remote frequency control of a vhf 
transceiver can be made from three 


put high, and all other outputs low. 
Unless power is interrupted, addi¬ 
tional pulses on the same input have 
no effect; the circuit remains in a 
stable state until another input is 



fig. 1. Remote switching circuit employing CMOS NANO gates. 


NAND gate ICs. The circuit could also 
be used for other applications requir¬ 
ing remote selection of one of a 
number of mutually exclusive func¬ 
tions. The use of CMOS gates permits 
operation from an automobile electri¬ 
cal system or other 12-volt source, 
providing a high degree of noise 
immunity, and freedom from rf inter¬ 
ference. Suitable ICs are the RCA 
CD4011A and 4012A, or the cor¬ 
responding Motorola MC4011CP and 
14012CP. 

The circuit shown in fig, 1 consists 
of four flip-flops, each made up of 
one 4-input and one 2-input NAND 
gate. Momentarily grounding any in¬ 
put will drive the corresponding out- 


momentarily grounded. The outputs 
may be used to drive other logic 
devices directly, but an external buff¬ 
er will be needed if the current ap¬ 
proaches the safe limit of 10 mA. 

PatShreve, W8GRG 

aTTLand CMOS 
logic probe 

The circuit shown in fig. 2 is 
designed to indicate the logic states 
in TTL and CMOS circuits. In addition, 
it will indicate the presence of 
positive- and negative-going pulses, 
substituting for a high-speed trig¬ 
gered oscilloscope. In the schematic. 


Q1 is used as a high-impedance buff¬ 
er preceding one of the NAND gates. 
CR1 acts as the buffer before a sec¬ 
ond gate. With a logic 0 input, the A 
section of the 4011 will turn LED2 off, 
and the B and C sections will turn 
LED1 on. A logic 1 on the input 
reverses the levels causing LED2 to 
be on and LED1 to be off. 

A 555-type timer 1C acts as a one- 
shot multivibrator, triggered by either 
positive- or negative-going pulses. 
With SI open, LED3 will come on for 
approximately 200 ms regardless of 
the input pulse width. After the input 
pulse, with SI closed, LED3 will re¬ 
main permanently on. 

In normal operation, a logic 0 input 
will cause both LED1 and LED3 to 
light, with LED3 remaining on for 
only 200 ms. For a logic 1 input, only 
LED2 will light. With SI closed, the 
circuit will indicate whether a 


table 1. LED displays for different inpui 
conditions. 


input 

LED1 

LED2 

LED3 

SI closed? 

logigO 

on 

off 

on 200 ms 

no 

logic 1 

off 

on 

off 

no 

positive¬ 
going pulse 

on 

off 

on 

yes 

negative¬ 
going pulse 

off 

on 

on 

yes 


negative- or positive-going pulse has 
occurred. If positive-going, LED1 and 
LED3will remain on; LED2 and LED3 
will remain on after a negative-going 
pulse has occurred. The input and 
correct displays are summarized in 
table 1. 

Howard M. Berlin, W3HB 
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fig. 2. Schematic diagram of the TTL and CMOS logic probe. Since a CMOS gate is used in the probe, the supply voltage can be 
between 5 and 15 volts. The 555 timer will produce a 200 ms pulse after being triggered. 


voltage adapter for 
MSI/LSI circuits 

For experimenting with integrated 
circuits, it is necessary to have a 
bench power supply with at least two 
voltage levels. With the scheme 
shown in fig. 3, it is possible to sup¬ 
ply -i-12, -12, and +5 volts from a 
single regulated 24-volt source for 
use with many LSI circuits. The +12V 
and -12V supplies can be adjusted 
either in the same direction by vary¬ 
ing the 24V source, or in opposite 
directions by adjusting the poten¬ 
tiometer. 

Resistor R1 is used to decrease the 
power dissipated in the LM309K 
voltage regulator. A 2.2 ohm value is 
correct, but it is possible to change it 
depending upon the current neces¬ 
sary on the +5 volt line (the input 


voltage to the LM309K must always 
be greater than 7 volts for a good 
regulation). All the small components 
are mounted on a 2 x 1-3/4-inch 


(5x4.5cm) pc board, and the two 
TO-3 cases are mounted on a com¬ 
mercial heatsink. 

J. A. Piat, F2ES 

j- O-HZV 


»' ( I? 



fig. 3. Schematic of the voltage adapter for LSI/MSI circuits. 
Value of resistor R1 is discussed in the text. Printed-circuit for 
this simple circuit is shown in fig. 2. 



fig. 4. Full-si*e printed-circuit board layout and component placement diagram for the MSI/LSI voltage adapter. 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 158. 

Kenwood TS-700S 
and VFO-700S 



Kenwood has announced the new 
TS 700S, an all-mode, 2-meter trans¬ 
ceiver. Based on the popular TS- 
700A, the TS-700S incorporates sev¬ 
eral new features such as a digital 
readout with “Kenwood Blue" digits, 
high-gain receiver pre-amp, a 1-watt 
low-power switch, built in vox, and 
CW Sidetone. It operates all modes: 
upper and lower sideband, fm, am 
and CW. The completely solid-state 
circuitry provides stable, long-lasting, 
trouble-free operation. You can oper¬ 
ate the rig from your car or boat on 
12-V dc, or as a home station with its 
built-in power supply. Frequency 
coverage is 144 to 148 MHz. The TS- 
700S automatically moves its trans¬ 
mit frequency 600 kHz for repeater 
operation; simply dial in your receive 
frequency and the radio does the rest 
for simplex, repeater, or reverse 
modes. Or, select your frequency by 
plugging a single crystal into one of 
the 11 crystal positions for your favor¬ 
ite channel. You'll have transmit/ 
receive capability on 44 channels with 
11 crystals. 

The VFO-700S is a handsomely 
styled companion to the TS-700S. 
This unit provides you with the extra 


versatility and luxury of having a sec¬ 
ond vhf in your vhf shack, which is 
great for split-frequency operation 
and for tuning off frequency to check 
the band. The function switch on 
the VFO-700S selects the vfo in use, 
and the appropriate frequency is dis¬ 
played on the digital readout in the 
TS 700S. In addition, a momentary- 
contact “frequency check“ switch 
allows you to spot check the frequen¬ 
cy of the other vfo. 

List price of the TS-700S is $679, 
and the VFO-700S lists at $119. Both 
units are available from authorized 
Trio-Kenwood dealers throughout 
the United States. For a list of 
authorized dealers and more informa¬ 
tion on the TS-700S and VFO-700S, 
write: Trio-Kenwood Communica¬ 
tions, Inc., 1111 West Walnut Street, 
Compton, California 90220. 


directional wattmeter 
with variable rf output 



The Bird model 4431 is a new 
Thruline rf directional wattmeter for 
the measurement of forward or re¬ 
flected CW power, with the addition¬ 
al feature of an adjustable rf sampling 
output for frequency analysis on a 
scope, spectrum analyzer, or fre¬ 
quency counter. The wattmeter is de¬ 
signed for ±5 per cent power 
measurement from 100 milliwatts to 
5000 watts, over the frequency range 
of 2 to 30 MHz and up to 1000 watts 
from 30 to 1000 MHz. In addition, the 
standard model 43 plug-in elements 
in discrete bands and power levels are 
used. No plug-in elements are needed 
for rf analysis. The sample signal is 
adjustable from 15 dB to over 70 dB 
below the main line signal, offering all 


important protection from overload 
for high-sensitivity instruments. 

Thruline model 4431 has a low 
insertion vswr of 1.07 at most set¬ 
tings. A major feature resulting in this 
low vswr value is the use of the pat¬ 
ented QC Quick Change Connectors, 
which permit mating with male or fe¬ 
male N, BNC, TNC, UHF, C, SC. HN, 
GR Type 874, and 7/8-inch (22mm) 
EIA lines without the need for per¬ 
formance-degrading adapters. 

The model 4431 price is $175. Plug¬ 
in elements range from $36 to $42. 
Delivery time is 90 days ARO, from 
Bird Electronic Corporation, 30303 
Aurora Road, Cleveland (Solon), 
Ohio 44139. 

Kenwood TR-8300 
fm transceiver 

A new transceiver from Trio- 
Kenwood, the TR-8300, offers high 
quality and superb performance as a 
result of many years of improving 
vhf/uhf design techniques. The TR- 
8300 is capable of fm operation on 
23 crystal-controlled channels. Over 
a 10-MHz segment of the band from 
440 to 450 MHz. The transmitter and 
receiver sections may be independ¬ 
ently adjusted to cover 5 MHz seg¬ 
ments at a time. 



The TR-8300 incorporates a five- 
section helical resonator and a two- 
pole crystal filter in the i-f section of 
the receiver for improved inter¬ 
modulation characteristics. Receiver 
sensitivity, spurious response, and 
temperature characteristics are ex¬ 
cellent. 

Maximum transmitting power is a 
husky 10 watts from the meticulous¬ 
ly designed and assembled final 
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stage. It may be set to provide either 
this 10-watt output, or a low 1-watt 
output, by means of a push button 
switch. Additionally, the TR-8300 in 
eludes a special monitor circuit which 
enables the user to listen to his own 
modulation and make frequency 
adjustments. 

The list price of the TR 8300 is 
$299 and the unit is available from 
authorized Trio-Kenwood dealers 
throughout the United States. For a 
list of authorized dealers and more in¬ 
formation on the TR 8300, write 
Trio Kenwood Communications. 
Inc., 1111 West Walnut Street, 
Compton, California 90220. 

breadboard jumper 
wire kit 





,//// 



Each breadboard jumper wire kit 
contains 350 wires, cut to 14 different 
lengths from 0.1 inch (2.5mm) to 5 
inches (12.7cm) long. Each no. 22 
AWG (0.6mm) wire is stripped, 
tinned, and bent 90 degrees for good 
contact insertion. The color of the 
PVC insulation represents its length, 
while the sectional clear plastic stor¬ 
age box keeps everything organized. 

For further information, contact 
Hammond Manufacturing Company 
Limited, 385 Nagel Drive, Buffalo, 
New York 14225. 

quick charge cordless 
soldering station 

Ungar, a Los Angeles based manu¬ 
facturer of industrial soldering tools, 
announces the availability of their 
latest addition ... a new cordless 


Look what’s new 
fromWhitehouse: 

Complete Cushcraft product line. 
Below is a partial listing. 



Q cushcraft 


Make 2 Meters all the fun you had hoped 
(or... put more signal into the other guy’s 
receiver with a new Cushcraft 2 meter 
antenna. 

A147 4 146 148 MHz 4 El. Vagi .... $19.95 

A147-11 146 148 MHz 11 El. Vagi.... $29.95 

A147 22 146 148 MHz 22 EJ. Vagi.... $84.95 

AFM 4D 144 148 MH* Four Pole 

(9dB over !*> wave dipole)-$59.95 

A144-10T 145 MH* 10 EL Twist .. $34.95 

AI44-20T 145 MH* 20 E). Twist .. $54.95 

A147 20T 146 & 147 MHz 20 El. Twist . $54.95 
A14-Sk Stocking Kit (or two 

Al474's. $15.95 

AM-VPK Vertical Pole lor two 

Al47 4’s. $23.95 

DXK 140 Stacking Kit (or two 

DX-120*s .. $59.95 

DXK 180 Stackinq Kit for four 

DX 120’s . $109.95 


UPS Shipping included on orders up to 50 lbs 

(603)6736290 

Prices subject to change without notice 


ARX 2 135170 MHz 

ARX 220 220-225 MHz 
ARX 450 435-450 MHz 


Move those 220 and 43D i 
in and out with the quality y 
A Cushcraft antenna frorc 
Whitehouse & Co. 

A220-7 220 225 MHz 7 El. 

A220 11 220 225 MHz 11 El. 
A220 20 220 225 MHz 22 FJ. 
AFM-24D 220 225 MHz Four I 
AFM-44D 440-450 MHz Four f 
A432-20T 430-436 MHz 20 El. 

CUSHCRAFT HF ANTE! 

ATR 34 Tri band 4 El. 

A14 3 14 Midz 3 El Monobz 
A21 4 21 MHz 4 El Monoba 

A28-4 28 MHz 4 El Monoba 

We also carry rotors, to 
coax, etc. and a wide se 
hard-to-find radio parts. 


W 




HITEHOUSE & CO 

11 Newbury Drive, Amherst, NH 03031 
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THE FM LEADER 


2 METER ASS 220MH Z &=B 
6 METER «_TJ 440 MH Z &S 


> 


FEATURING THE . . . 






HR-2B 



12 Channels 
15 Watts 

$22900 Amateur Net 


The Master in 2 Meter FM 

Positive performance at a 
practical price makes our 
HR-2B tops on 2 meters. 
Individual trimmer capacitors 
give bull's-eye accuracy for 
working repeaters or point-to- 
point. The ,35/uV sensitivity and 
Hi/Lo power switch insure your 
hearing and being heard . . . clearly 
and reliably . . . the Regency way. 


.AND THE 



12 Channels 
10 Watts 
V^$34900 Amateur Net 


UHF—The Ultimate in FM 

440 is fresh . . . it’s new . . . 
and with our HR 440 you can 
use UHF without using-up your 
budget. So, pioneer some new 
ground! Put a compact HR 440 
under your dash or at your desk. 
It's the best way to usher yourself 
into UHF. 




© 1976 


tve^T^enCM ELECTRONICS, INC. 

I <><• Mr.t name I .olid * f 


7707 Records Street 
Indianapolis, Indiana 46226 


Quick Charge soldering station. The 
new impressive design allows the 
operator unrestricted freedom for 
access to hard-to-reach intricate 
assemblies. It is an ideal station for 
the professional who assembles 
breadboard prototypes, services 
radio and TV, builds electronic kits or 
does touch-ups and repairs. The 
station is useful in the field or at the 
workbench. 

The No. 200 Soldering Station 
consists of a rugged rechargeable 
iron with a quick charge nickel- 
cadmium battery. It is designed to 
accept two rigid interchangeable 
tips, and the charging holder com¬ 
pletely recharges the battery in 4 
hours. Outstanding features of 
Ungar's new Quick Charge Soldering 
Station include a well-balanced light¬ 
weight pencil iron with indicator 
light, and a convenient easy-touch 
operating control with interlock "off" 
switch. A built-in lamp illuminates the 
tip and work area. Two quick¬ 
heating, interchangeable, element 
tips are available in chisel and micro¬ 
spade configuration. The slim design 
offers operators good visual control 
of soldering applications. A charging 
holder allows the iron to charge in its 
rest position and provides long bat¬ 
tery life. Additionally, the holder has 
a convenient built-in sponge tray 
for efficient tip cleaning and care. 

The complete station is molded in 
high-impact plastic. The charging 
holder is rated at 120 volts ac input, 
3.2 volts dc at 285 mA output, UL 
listed. 

For additional information, or a 
demonstration, call your authorized 
distributor or contact Ungar, Divi¬ 
sion of Eldon Industries, Inc., 233 
East Manville Street, Compton, 
California 90220; telephone (213) 
774-5950. 

rf transistors for 
increased output power 
at uhf 

A new series of rf power transistors 
that extends rf power output 
capabilities to 80 watts in the 100- to 
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500-MHz range has been introduced 
by Motorola. The devices are de¬ 
signed for broadband operation as 
class A, AB, B, and C transmitter 
amplifiers in uhf communications 
equipment operating from a 12-28 
volt power supply. Pertinent statistics 
for the newly introduced uhf tran¬ 
sistors are as follows; 


Device 

Pouf(W) 

Gain* IdB) 
minimum 

MRF321 

10 

12 

MRF323 

20 

10 

MRF325 

30 

8.5 

MRF326 

40 

8.5 

MRF327 

80 

7.3 


* Performance at 28V, 400 MHz. 


To achieve the reliability required 
for military applications, an all-gold 
metallization system is employed for 
all devices. Gold is used for the top 
metal of the transistor, for the 
associated MOS capacitors, for the 
bonding wires, as well as for package 
plating. The reliability advantage 
achieved results from the elimination 
of "aluminum migration" and corro¬ 
sion due to contact of dissimilar 
metals. 

To attain the critical performance 
specifications over the indicated wide 
band of ultra-high frequencies, a 
variety of technological innovations 
is employed including a double¬ 
element internal matching network in 
the 40- and 80-watt transistors giv¬ 
ing broadband, high-performance not 
available from the previous genera¬ 
tion of devices. Internal matching in¬ 
ductors are formed from carefully 
calculated wire bonds. A pro¬ 
grammed wire-bonding machine 
automatically forms the exact wire 
length, height and curvature. This af¬ 
fords excellent repeatability of input 
impedances. Proper placement of 
elements within the chip structure, to 
eliminate hot spots at high power 
levels, is achieved by means of 
computer-aided design and verified 
through infra-red scanning tech¬ 
niques. The resulting devices all 
withstand a 30:1 output load vswr at 
rated voltage and power output con¬ 
ditions. The new devices are available 
from Motorola distributors. 




Tri-Ex Sky 
Give your 




This/ladvanced statEgfcMhe-arf 
“Sky , Needle” is fast\e|rning; its 
own special place, of honor in the 
ham-cbmmunieations field. Tri-Ex 
takes great pride in being the 
developer and first to build this 
crank-up f freestanding tubular 
tower for the amateur. Uniquely 1 ® 
eye-pleasing, the slim and grace¬ 
ful “Sky Needle” is a symbol of 
pride to its owner as well as proof 
positive that he has the very best 
in towers. Tri-Ex offers immediate 
delivery. Act nowl Write for your 
free brochure, today. 

i \£ . jw&jV? '*” i r 
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Needle Towers 
antennas 
a big lift! 

Regular and 
heavy duty 
towers 
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a second look 

by Jim Fisk 


If you look at technological advances with the eye of a historian, you'll see periodic peaks in new tech¬ 
nology, followed by nulls where everything seems to come to a standstill. This phenomenon is most no¬ 
ticeable in the semiconductor industry during the past few years, but if you look back to the 19th century, 
you'll see the same thing happened then, with George Stephenson's steam-powered locomotives and Eli 
Whitney's cotton gin early in the century, and later with the development of mass production techniques, 
the electric telegraph, and Marconi's wireless. Every few years, it seems, a major breakthrough in tech¬ 
nology occurs which produces an avalanche of new products on the market place. If you analyze it care¬ 
fully, in most cases you'll find that the "major breakthrough" didn't happen all at once as it first appears, 
but was the culmination of years of research by many different workers in many diverse fields. 

In many ways the cyclic rise and fall of technological achievement is an extension of the well-known 
domino theory — the apparent lulls in activity occur when the dominoes are being lined up; the break¬ 
through comes when the last domino is set in place and the whole line is knocked down, one domino after 
the other. It takes but one missing or misplaced domino to prevent the whole line from going down. 

In the field of gallium-arsenide field-effect transistors (GaAs fets or "gas" fets, for short), the last of the 
dominoes has been set in place, and in the near future there will be devices on the market which will pro¬ 
vide noise figures of less than 1 dB at 4000 MHz, and power outputs of 6 watts or more at 10 GHz. At a 
conference last summer at Cornell University, researchers from Bell Labs reported on a GaAs fet amplifier 
which yielded 10 dB gain at 4 GHz with a noise figure of 0.7 dB; at 6 GHz the noise figure increased to 1.25 
dB and gain dropped to 9 dB. At the same conference, scientists from Rockwell International were talking 
about a device which gave a 2.2 dB noise figure at 10 GHz with 8.5 dB gain. These devices and similar 
ones from other manufacturers will be available on the commercial market this year, but be prepared to 
pay a pretty healthy price for the privilege of building a circuit around them. As manufacturing processes 
are improved and yields go up, however, I expect device cost will drop within the amateur price range. If 
you can't wait, in this issue JH1BRY describes a high-performance GaAs fet preamp for 432 MHz that has 
a noise figure below 1 dB. 

At Texas Instruments the accent is on power GaAs fets with claimed power output of 4.2 watts at 10 
GHz; and RCA has announced 140 mW output at 22 GHz. The most impressive of the power GaAs fets, 
however, is a device from Fujitsu which provides 10 watts output at 4000 MHz. In theory 14 or 15 watts 
should be possible at 4 GHz with GaAs fet devices, and 6-7 watts at 10 GHz, but there are still a number of 
problems to be solved, so this capability may be five years in the future. 

Some of the same technology that has produced high-performance microwave GaAs fets is also being 
used in other areas. At the International Solid State Conference in February, an engineer from Hewlett- 
Packard described a monolithic 4-GHz integrated amplifier which provides 28 dB gain from dc to 2000 
MHz (gain is 7 dB from dc to 4 GHz). The three-stage amplifier is built on a single GaAs chip and uses re¬ 
verse biased Schottky diodes as capacitors and MESFETs as resistors. At the same conference. Bell Labs 
reported on a uhf operational amplifier which has a unity gain frequency in excess of 1000 MHz. Silicon 
NPN transistors are used in the design, which provides 20 dB gain at 300 MHz; the operational frequency 
range is 10-500 MHz. 

While GaAs fets threaten to displace bipolars above 3000 MHz, silicon MOSFETs are quietly moving in on 
microwave bipolars from the lower end of the frequency spectrum. Attention has been focused recently 
on advances in VMOS devices for vhf and uhf applications. Since the first commercial VMOS device was 
announced by Siliconix two years ago {ham radio, September, 1976), a number of semiconductor manu¬ 
facturers have gotten on the VMOS bandwagon including Intersil, Motorola, and Westinghouse. One firm 
has reportedly obtained 10 watts at 1000 MHz and more than 5 watts at 1500 MHz with a VMOS transistor. 
One of the big advantages of VMOS is its negative temperature coefficient which eliminates thermal run¬ 
away and secondary breakdown. This means that emitter resistors, temperature sensing diodes, and other 
protection circuitry required for bipolars can be eliminated, resuming in a substantial cost savings. VMOS 
also offers better linearity with third-order IMD typically 3 to 5 dB better than bipolar power amplifiers. 

As I said earlier, technological breakthroughs seem to come in spurts. During the past year or so there 
have been some remarkable achievements in the world of digital electronics, but it has been pretty quiet on 
the analog front. With the latest rf devices just now emerging from the laboratory, how long will we have 
to wait before all the dominoes are gathered for the next breakthrough? 

Jim Fisk, W1HR 
editor-in-chief 

4 E3 april 1978 




TEN-METER AMATEUR LINEARS WERE BANNED by the FCC Commissioners in an early February 
meeFTng! and it seemed evident that most had already decided on the ban before the meet¬ 
ing began. The ban covers the commercial manufacture, distribution and sale of any RF 
power amplifier covering the 24-35 MHz range. It appears that linears in the marketing 
"pipeline" — in manufacturers’ stock or on dealers’ shelves — will receive some sort 
of "blanket" waiver to be sold providing that they meet all the Type Acceptance criteria 
other than frequency coverage. Any that don't will have to be considered individually. 
Amplifier sales between individual Amateurs are still permitted, and individual Amateurs 
are still permitted to build their own 10-meter linears. 

LIMITED TYPE ACCEPTANCE of Amateur amplifiers below 144 MHz was also adopted with 
technicalstandards similar to those already in Part 97; actual implementation of Type 
Acceptance won't take place until detailed specifications and procedures are ready in 
several months. 

To Meet The New Type Acceptance requirements an amplifier will have to be capable of 
accepting 50 watts (mean power) of drive, have less than 15 dB power gain, require ex¬ 
ternal transmit-receive switching (no RF sensing) — and, of course, not operate in the 
24-35 MHz spectrum. How difficult a manufacturer is supposed to make it for an individ¬ 
ual Amateur to modify his product to cover 10 meters is still unclear. 

It’s Expected that the ban and Type Acceptance will go into effect at the same time, 
but just wnen won’t be known until a Report and Order on the two dockets is released. 
Further clouding the issue is what action industry plans, with several manufacturers, 
ARMA, and the ARRL all likely candidates for filing petitions for reconsideration. In 
both industry, and among individual Amateurs, the feeling is that the Type Acceptance 
requirements in themselves would have been sufficient to drive the illegitimate ampli¬ 
fiers off the market, so the ban on top of Type Acceptance serves only to unnecessarily 
penalize Amateurs. 

AMATEUR SECONDARY STATION licenses for individuals will be phased out as their present 
terms expire as a result of the first Report and Order on Docket 21135, effective March 
24. Special events stations and callsigns were also eliminated as the Commissioners 
attempted to reduce the Amateur Radio workload at Gettysburg to within budgetary limita¬ 
tions. For Amateurs who presently hold more than one station license, the effect will 
be a decision on their part as to which callsign to keep when it is time to renew; the 
freeze on issuance of new secondary licenses, in effect for almost a year, is now 
permanent. 

Extra Class Requests for specific 1x2 or 2x2 callsigns will no longer be honored 
under the newly adopted rules! though they will still be able to request an unspecified 
2-letter-suffixed callsign. Eventually, but well in the future, it’s planned to offer 
1x3 callsigns to all the holders of Advanced or Extra Class licenses who wish them. 

Also, the present process by which a 1x3 callsign holder receives a 1x2 "preferred" call- 
sign when changing call areas is to be eliminated. However, as the rules now permit an 
Amateur to retain his former callsign even after moving permanently to a new call area, 
it's likely many present 1x3 and 1x2 callsign holders will elect that option. Along that 
line, future initial callsign assignments are now going to be based on the applicant's 
mailing address rather than station location. 

Club, RACES, and Military Amateur station licenses are to be further considered under 
a new Notice of Proposed Rule Making on Docket 21135. Distinctive prefixes for club 
stations (WK) and military stations (WM) are also proposed in that NPRM, while RACES 
stations would continue with WC callsigns as at present. It's also proposed that the 
criteria for a club station license be tightened considerably, requiring that the organi¬ 
zation demonstrate a "compelling need" (distinctive use, past and present) for a club 
license before one would be issued or renewed. RACES licenses would also be reduced to 
only one per Civil Defense organization, and licenses for all three classes of organiza- 
zations would be issued to the organization, not an individual trustee. Due date for 
Comments on this NPRM is June 2, with Reply Comments June 30. 

REPEATER LICENSES AREN'T REQUIRED to put a repeater on the air under terms of a re¬ 
cent waiver. No prior FCC approval or additional license is now required to operate a 
repeater, auxiliary link, control, or remotely controlled Amateur station — all may 
be operated with the individual's primary station license, callsign, and appropriate ID. 
The waiver is effective until the Commission releases an Order on Docket 21033. 

KH1 THROUGH KH0 are the new prefixes for U.S. Pacific islands, while KP1-KP0 will 
identify Caribbean areas; the change was effective March 24. As some spots such as KX6 
and KC6 are not FCC administered and would apparently continue with present prefixes, 
there seems to be enough in each block to handle the needs. 

THE 2-METER DX RECORD has been stretched again, this time to 6300 km (3940 miles), 
as KP4E0R worked UJ8DIN. YV5ZZ has heard LU3AAT on 432.1 MHz, and they plus KP4E0R are 
attempting schedules on that band as well as on 2 meters. 


6 BS april 1978 




advanced electronic keyer 

About thirty years ago, the bug was the most pop¬ 
ular keying device, being widely used by hams all 
over the world. Only a small minority were using a 
new device, the electronic keyer, which had just 
begun to appear on CW bands, to produce fast and 
perfect machine keying. In the late 1940s, W60WP 
described in QS~P a new and simple principle for the 
electronic keyer. In Europe, this keyer was modified 
and popularized on the amateur bands by OZ7BO. 

The W60WP electronic keyer was simple, yet re¬ 
liable. It did not use any clock-pulse generator, with 
the timing of dots, dashes and spaces performed by 
RC circuits, two triode vacuum tubes, and two re¬ 
lays. The dot, dash, and space time ratio was practi¬ 
cally constant over the whole speed range. The most 
important features, though, were the self completing 
dots and dashes (including the following space), in¬ 
stant response when the paddle was closed, and suf¬ 
ficient time to release the paddle when the character 
generation was to be stopped. 

electronic keyer requirements 

Are there new requirements for the electronic 
keyer today? The optimum timing of characters, 
(dots, dashes, and spaces) over the entire speed 

By Pavel Horvath, OK3IA, Institute of Physics, 
Slovak Academy of Sciences, 899 30 Bratislava, 
Czechoslovakia 


By defining 
keying intervals 
the author has developed 
a practical keyer 
that permits 
maximum time for 
character keying — 
enabling you to send 
letter-perfect code. 
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range, and simple but reliable control of the keyer 
with the paddles are, of course, still expected. This 
can be easily understood by examining the timing of 
characters as shown in fig. 1. The time durations of 
the dash, dot, space within a character, space be¬ 
tween characters, and space between words are de¬ 
fined as 3, 1, 1, 3, and 7 elementary time intervals. 
This timing of characters seems to be optimal for 
fast speeds. A different timing could be required at 
very low speeds; this problem, however, is not dis¬ 
cussed here. Even though the keyer must accept 
imperfect keying, the output characters should be 
.generated without errors. 

Control of the keyer with the paddles is very im¬ 
portant. Two types of paddles are generally used; the 
single paddle for standard keying and the dual paddle 



fig. 1. Timing of characters and spaces. 


for squeeze or iambic keying. The single paddle, 
when released, slips into the neutral position and can 
be closed for a dot or for a dash. The dual paddle can 
be closed simultaneously for a dot and for a dash. 
Keying with a dual paddle is somewhat different than 
that with a single one. 

Using the single paddle, there are two distinct 
groups of characters. First, those characters having 
an alternate sequence of dots and dashes (C for 
example) are generated by alternatively closing the 



DASH PADOLE 
DOT PADDIE 
KEYER OUT 


fig, 2. Permitted time intervals for closing the paddles to 
generate the character C. 


paddle for a dash and then a dot. The first dash starts 
at the instant when the paddle is closed. No 

delay time should occur. By using dot and dash 
memories, the paddle can be moved to the dot side 
after the first dash begins. Fig. 2 shows the per¬ 
mitted time intervals for closing the paddle to gener 
ate the character C without errors. 

The second group of characters are those which 
have a series of dots or dashes. Fig. 3 shows the key¬ 
ing required for the character = (BT). The paddle is 
first closed to generate a dash at the instant t a -t 0 , 
but yet, must be released and moved to the dot side 
before t 4 . During the interval t c to the paddle 
must be repositioned to form the last dash. For ex¬ 
ample, the paddle could be closed during t c to t U) 
and released during t d to t 

A somewhat different situation arises if you use 
dual paddles for iambic keying. The output with both 
paddles closed is called an iambic sequence. Fig. 4 
shows the keying for CQ. You start by closing the 
dash paddle, followed by closing the dot paddle. The 


Front view showing the construc¬ 
tion and placement of the printed 
circuit boards, power supply, 
speaker, and other components. 
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DASH PAODLE 
DOT PADDLE 
KEYED OUT 


fig. 3. Permitted time intervals for closing and releasing 
paddles to generate the character = (BT>. 


dot paddle can be closed any time during the t 0 to t 4 
interval. Both paddles are held until you recognize 
the last dot in the character C. Then you release both 
paddles. The sequence for releasing the paddles is 
not important, but both must be released during 
t 10 to h 2 ‘ the keyer also completes the spaces be¬ 
tween characters, you can re-close the dash paddle 
anytime during the t 12 to t 14 interval. After the sec¬ 
ond dash in the Q has started it 18 ), you must close 
the paddle for a dot during t 18 to t 2 2 , keeping both 
paddles closed to produce the character in the iambic 
mode. If both paddles are released anytime during 
t 2 4 t0 h8/ the Q will be completed. When both pad¬ 
dles are released, the iambic sequence must stop 
after one bit {dash or dot) is completed. No second 
bit should be generated. 

The permitted time intervals previously discussed 
are the maximum intervals in which the paddles can 
be closed or released, allowing the characters to be 


generated without errors. Any shorter time intervals 
make the keying worse. A summation of the pre¬ 
vious points produces a list of features which an 
electronic keyer should incorporate: 

1. Keying by both single and dual paddles. 

2. Maximum possible permitted time intervals to 
make the keying easy. 

3. At the beginning of the message, the character 
should start the instant the paddle is closed. 

4. Optimum timing of dots, dashes, and spaces, 
throughout the entire speed range. 

5. Stable clock generator, without clock pulse 
variations after triggering. 



DASH PAtratf 
OOT PAPULE 
KEYER 0UT 


fig. 4. Keying of the word CQ in the iambic mode. 


I began my design with the circuit described by 
WB2DFA. 2 In my version, I use very similar timing 
circuits, modified for a triggered clock and complete 
timing of spaces. My efforts were concentrated on 
improving the control of the keyer with paddles, 
making keying easy and convenient. 

A block diagram of this keyer, with the significant 
signal names, is shown in fig. 5. 



fig. 5. Block diagram of the advanced electronic keyer showing the most significant signals. 
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Clock generator. As shown in fig. 6, the schematic 
diagram, the clock pulses are generated by transis* 
tors T4, T 5 , and the associated logic. In the initial 
state, the clock generator is off since GEN TRIG is 
low (0). The signal GEN TRIG is the logical sum of 
DASH TRIG, DOTTRIG, SGZ TRIG, MESSAGE START, 
and A»B*OD. Because of the low from GEN TRIG, T4 
is turned on by the current flowing through D3 and 
subsequently T5 is also turned on. At the instant the 
paddle is closed, GEN TRIG goes high, enabling the 
clock generator. Simultaneously, a short, negative 
pulse is formed by the gates connected to D4. This 
negative pulse turns off T4 and starts the generation 
of clock pulses. This circuit philosophy allows the 
"generator to start in synchronization with the paddle. 
The clock pulses (GEN) are perfectly formed, the first 
pulse being the same as the following ones. The 
clock frequency is continuously variable and cor* 
responds to speeds of 10 to 50 words per minute. 


either paddle. Now, if a dash is to be sent, for ex¬ 
ample, the paddle is pressed, causing the clock gen¬ 
erator to be activated, and the DASH signal to be 
generated. This signal, DASH, is the actual eventual 
output from the keyer. And, in addition to being the 
output, it is used to reset the binary counter for the 
duration of the signal. When DASH resets the coun¬ 
ter, through the ROP) and RO(2) inputs, the B*OD 
and A*8*OD are high, thus feeding the clock pulses 
to the binary counter. But, the pulses will not be 
counted until the completion of the dash since the 
resets override the normal clock input. 

When the dash is completed, the CLOCK and DID 
CLOCK pulses will then be counted. The gates con¬ 
nected to the B and D outputs of the binary counter 
will give an ENABLE TIMING pulse at the completion 
of the first or third timing interval; if there is a dot or 
dash waiting in the buffers, it will be generated after 
the first interval and the process will start again. If a 


Rear panel view showing con¬ 
nectors for the ac line, 12*volt 
battery, paddles, manual key, 
external speaker, message mem¬ 
ory, keyer output, SI and S2. and 
speaker volume control. 



The toggle and delay circuits divide the GEN signal by 
two, producing CLOCK and DLD CLOCK signals, with 
a delay of about 200 nS. 

Space generation timing circuits. The circuitry in 
this portion of the keyer is used to provide a con¬ 
stant-width space following each element of a char¬ 
acter, whether a dot or a dash. This self-completing 
space corresponds to the length of one dot. In addi¬ 
tion, the timing of the space between characters and 
words can also be made self-completing, corre¬ 
sponding to 3 and 7 elementary-time intervals. 

In the initial state (completion of a space), the four 
outputs of the binary counter are all high, causing 
the ENABLE TIMING line to also be high. When this 
line is high, the circuits for generating a dot or dash 
are not inhibited, and can be activated by pressing 


dot or dash is not waiting, another ENABLE TIMING 
pulse will occur after the third timing interval (charac¬ 
ter space). If a character is still not in the input buff¬ 
ers, the word space will be generated (seven time in¬ 
tervals) by the gates connected to the B, C, and D 
outputs of the counter. At the completion of the 
word space, the A*B*C*D line will go low, stopping 
the pulse generator. If a character had been keyed in 
as the beginning of a new word, however, the pulse 
generator will not stop. Thus, if you are keying prop¬ 
erly, the clock generator runs without interruption 
through the whole message. 

Buffers and registers. The input buffers (or dot 
and dash memories) are used to store the code ele¬ 
ments as they are put into the keyer. The dash and 
dot memories are actually 2-bit shift registers set up 
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as FIFO registers, composed of D-type flip-flops. 
During keying, the dots and dashes are not only 
stored, but are also simultaneously shifted into the 
timing circuits. Therefore, it is possible to buffer 
characters in which the sum of the dots and dashes is 
greater than four. 

Dash and dot distributors. The input and output 
dash/dot distributors remember which kind of a bit, 
dash or dot, was stored first. The input distributor 
stores the dots and dashes in a sequence depending 
on the first bit keyed in; the output distributor cor¬ 
rectly loads the content of the buffers into the timing 
circuits. 

The character C, if stored in the buffers, is pro¬ 
cessed to the keyer output in the following manner. 
The output dash/dot distributor, being enabled for a 
dash, allows the DASH TRIG signal to pass through 
the gates into the dash timing circuit, triggering the 
first dash. When the dash and the following single 
width space are completed, the signal SHIFT DASH 
REG shifts the dash register and clocks the output 
distributor to the dot memory, thus enabling the 
DOT TRIG signal through the gates into the dot timing 
circuit, triggering the dot. When the dot and the sin¬ 
gle width space are completed, the signal SHIFT DOT 


REG shifts the dot register, turning the output dis¬ 
tributor back to the dash buffers. The same pro¬ 
cedure is followed until the character C is shifted out 
of the buffers. 

Dash and dot timing. The timing of a dash will 
start if the DASH TRIG or SQZ TRIG signal is low, the 
output dash/dot distributor enabled for a dash, and 
the signal ENABLE DASH TIMING high. The pulses, 
DLD CLOCK, transfer the high level on the D input to 
the output of the flip-flop, causing DASH TIMING to 
go high. With this signal high, a four-state binary 
counter receives the DLD CLOCK pulses. The counter 
states are then decoded into the signal DASH, which 
is three elementary-time intervals long. While the 
DASH is executed, the DOT circuit is disabled. 

Dash shift and dot shift. The signals SHIFT DASH 
REG and SHIFT DOT REG, shown in fig. 7, are short 
pulses positioned at the end of the single width space 
following the dash or the dot. By having these pulses 
at the end of the space, you have the maximum 
amount of time in which to key in another dot 
or dash. 

The block diagram in fig. 5 illustrates how these 
signals are formed. The signal CLOCK is delayed 200 
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fig. 7. Timing diagrams for the signals shown in figs , 5 and 6. 

nS, producing DLD CLOCK. Also, CLOCK is used to 
drive the A section of the binary counter. After the 
DASH and DOT signals are formed, they're shifted 
into another D-type flip-flop, which is clocked by 
DLD CLOCK. The dash or dot therefore initiates the 
shift register signal, while the DLD CLOCK stops it, 
200 nS later. 

Squeeze. During the initial phase of keying, the 
buffers, dash and dot registers, and input and output 
dash-dot distributors are involved. When both pad¬ 
dles are squeezed, SQZ TRIG goes low, clearing both 
buffer registers, enabling the clock generator, and 
executing the iambic sequence. When both paddles 
are released, RESET SQZ resets the squeeze circuit 
forcing SQZ TRIG to go high at the end of the first 
completed single-width space. 

Monitor. The keyer contains an internal side-tone 
oscillator, which consists of a multivibrator, an inte¬ 
grating amplifier, and internal speaker. The multi¬ 
vibrator generates a 1-kHz rectangular waveform, 
which is integrated in the amplifier. The triangularly 
shaped sidetone drives an internal 8-ohm permanent 
magnet speaker. 

Message memory. Provisions have been made to 
connect the keyer to an external random-access 


memory. Four signals are available on a rear panel 
connector for operation of the memory. During the 
"message write operation" the MEMORY CLOCK and 
DASH or DOT are used for synchronous storing of 
the message. The MEMORY CLOCK automatically 
starts when the paddle is activated and continues to 
run during the manual keying. When the manual 
keying stops, the MEMORY CLOCK runs for seven 
clock pulses after message generation ceases. 
MEMORY CLOCK can be enabled to run through the 
remaining addresses by taking MESSAGE START low. 
During the "message read operation" MESSAGE rep¬ 
resents the memory content previously stored and is 
transmitted through the OR gate to the keyer output. 

construction 

The electronic keyer is built in a 7 x 10 x 21 cm 
(2 3/4 x 4 x 8 1/4 inch) steel cabinet. The overall 
view is shown in the photographs. The ICs are 
mounted on a universal printed-circuit board with 
wire wrap used for the circuit connections. The parts 
list is shown in table 1. 

concluding thoughts 

This advanced electronic keyer could seem to 
some readers to be rather complicated. However, 
even an inexperienced homebrewer can expect per¬ 
fect performance by exercising reasonable care dur¬ 
ing construction. Additionally, there are no special 
circuit adjustments necessary. 


table 1. Semiconductors used in the electronic keyer 


integrated circuits transistors 


7400 9 each 
7404 6 each 
7410 2 each 
7420 1 each 
7430 3 each 
7474 8 each 
7493 1 each 


KC507 Silicon, 0.3 W T1, T4 - T7 
KF508 Silicon, 0.8 WT2, T8 
KF517 Silicon, 0.8 W T3 


Diodes 

KA221 Silicon, Switching D1 - D4 


Only inexpensive TTL ICs were used in this project. 
The more experienced builder could change some 
circuit components or integrated circuits to ones 
more available in the United States. Or he could use 
NOR gates, monostable multivibrators, or MSI shift 
registers to minimize the number of parts and energy 
consumption. This should not be in contradiction 
with the aim of this article, however, which is to pro¬ 
vide optimum keyer control and timing. 
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AMSAT-OSCAR D 


The amsat-oscar d spacecraft 
is scheduled for launch 
sometime this month — 
here are the complete 
operating parameters 
for this new 
amateur satellite 


AMSAT-OSCAR D, the next spacecraft in the OSCAR 
series, is a Phase II spacecraft which was built over 
the past two years by radio amateurs in the United 
States, Canada, Japan, and West Germany and is 
the first spacecraft in which AMSAT, Project OSCAR, 
and the ARRL have joined together to build flight 
hardware. The spacecraft makes extensive use of 
parts left over from the OSCAR 7 and Phase III pro¬ 
grams, and was built primarily because the Phase III 
spacecraft will not be available until 1979. By stretch¬ 
ing its resources almost to the limit, AMSAT has been 
able to work on both the Phase III spacecraft (with 
lots of publicity) and OSCAR D (with little publicity). 

The new spacecraft carries transponders for two 
modes of operation. There is a conventional 145.9 
MHz to 29.4 MHz Mode A transponder, and a new 
145.9 MHz input, 435.1 MHz output. Mode J trans¬ 
ponder — a similar frequency combination was used 
on the short-lived OSCAR IV spacecraft in 1966. In 
addition, six channels of telemetry are provided to 
monitor the onboard status of the satellite. 

mission objectives 

The principal objective of AMSAT-OSCAR D is its 
use as an educational tool in schools. Other objec- 

By Perry Klein, W3PK, and Joe Kasser, 
G3ZCZ, AMSAT, Post Office Box 27, 
Washington, D.C. 20044. 
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tives include the continuation of communications de¬ 
monstrations by means of stations in the amateur- 
satellite service, of the feasibility of using satellites 
with small amateur terminals for emergency commu¬ 
nications, communications between medical centers 
and isolated areas, aeronautical, maritime, and land- 
mobile communications, direct satellite-to-home 
voice "broadcasting" to simple amateur receivers, 
and other similar applications. Further objectives are 
to demonstrate special operating techniques that en¬ 
hance the usefulness of low orbits for these satellite 
applications, and to test the suitability of a new com¬ 
munications transponder frequency combination 
(Mode J) for small terminal users. 

AMSAT-OSCAR D will permit the continuation of 
the education program, which began with OSCARS 5, 
6 , and 7, over the next several years, the anticipated 
lifetime of the satellite. OSCAR satellites have begun 
to play an important role in a new approach to 
science education. Used as remote laboratory tools, 
these satellites represent a pioneering utilization of 
an active space system in the classroom. Using inex¬ 
pensive ground terminals for OSCAR satellites in 
schools, students can gain firsthand experience in 
space science. This type of direct, active involve¬ 
ment has relevance to the study of communications, 
astronomy, engineering, physics, mathematics, and 
meteorology. The low-cost OSCAR ground terminal 
puts an active satellite system at the disposal of the 
instructor and student. 

spacecraft description 

OSCAR D is a communications satellite in the 
Phase II (low-orbit) series which is designed to oper¬ 
ate with small stations in the amateur-satellite service 
on a non-commercial basis. The spacecraft contains 
two communications transponders and command 
and telemetry systems; it is solar powered, weighs 27 
kg (60 pounds), and is a 38 cm (15-inch) rectangular 
solid 33 cm (13 inches) high. Its anticipated useful 
operating lifetime is three years. 

Two types of communications transponders are 
aboard the spacecraft. Normally, only one trans¬ 
ponder will be operated at a time because of space¬ 
craft battery constraints. 

Two-to-ten meter transponder. The Mode A 
transponder is a two-to-ten meter unit similar to the 
one used on OSCAR 7 (input frequency passband 
145.85-145.95 MHz, and output frequency passband 
between 29.40 and 29.50 MHz). A 250 mW telemetry 
beacon provides telemetry data in Morse code at a 
frequency of 29.402 MHz. Approximately - 95 dBm 


is required at the transponder input terminals for an 
output of one watt. This corresponds to an effective 
radiated power from the ground of 80 watts for a dis¬ 
tance to the satellite of 1930 km (1200 miles) and a 
polarization mismatch of 3 dB. The transponder 
translation frequency (input frequency minus output 
frequency) is 116.458 MHz. Thus, the relationship 
between the uplink (/ ti ) and downlink {f ( p is 

fti =/« -H6.458 ± Doppler 

where both/^and/,, are in MHz. 

An uplink signal at 145.900 MHz, for example, will 
produce a down-link signal from the transponder on 
29.442 MHz ± Doppler. As in the two-to-ten meter 
transponders in OSCAR 6 and 7, the passband is not 
inverted, and upper-sideband uplink signals become 
upper-sideband downlink signals. Output power is 1 
to 2 watts. 

Note that the downlink frequency will be slightly 
different (8 kHz) from that of the equivalent OSCAR 7 
Mode A transponder which has an equivalent fre¬ 
quency relationship of 

j d = f u -116.450 ± Doppler 

AMSAT OSCAR D spacecraft to be launched in March, 1978, 
by NASA. When it is in orbit it will be designated AMSAT 
OSCAR 8. 
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Two meter-to-70cm transponder. The Mode J 
transponder, constructed by members of the Japan 
AMSAT Association in Tokyo, uses a two-meter in¬ 
put, 70 centimeter output combination which has not 
yet been flown in the AMSAT Phase II series. This 
transponder operates with an input frequency pass- 
band of 145.90-146.00 MHz, and an output frequen¬ 
cy passband of 435.10-435.20 MHz. Power output is 



JA1CBL of Japan AMSAT Association (JAMSATI building 
pans of the Mode J transponder. 


about 1-2 watts PEP, and the output passband is in¬ 
verted, i,e, f upper-sideband uplink signals become 
lower-sideband downlink signals. The transponder 
translation frequency (input frequency plus output 
frequency) is 581.1 MHz ± Doppler. Uplink sensitivity 
for one-watt output is - 105 dBm, corresponding to 
an effective radiated power from the ground of 8 
watts for a distance to the satellite of 1930 km (1200 
miles).* Note the greatly improved sensitivity of this 
mode, and keep your power down. A 100-milliwatt 
beacon carries telemetry at a frequency of 435.095 
MHz. The relationship between the uplink (/„) and 
downlink (/</) is 

581.1 fn ± Doppler 
where both f d and/„are in MHz. 

antenna system 

Both the Mode A and Mode J transponders use 
the same receiving antenna, a canted turnstile com¬ 
prised of four 48 cm (19-inch) lengths of 12.5 mm 
(1/2-inch) carpenter's rule fed by a hybrid and mat¬ 
ching network so as to develop circular polarization. 

’Sensitivity may (increase by a factor of ten HO dB} under different eondi 
lions of tjauery voltage and satellite operating temperature, so that as much 
as 80 wa t ts may be required at certain times. 


One port of the hybrid feeds the Mode A receiver; 
left-hand circular polarization is required by users in 
the Northern Hemisphere and right-hand circular 
polarization is required in the Southern Hemisphere. 
A second port of the hybrid is connected to the 
Mode J receiver; right-hand circular polarization is 
required in the Northern Hemisphere, and left-hand 
circular polarization in the Southern Hemisphere. 
The antenna gain should approach 5 dB in the -1 
direction (Le. r toward the bottom of the satellite). 

The Mode A ten-meter downlink antenna is a lin 
early-polarized dipole which is oriented perpendicular 
to the stabilization magnets in the spacecraft as in 
OSCAR 6 (but unlike OSCAR 7, which has the ten- 
meter antenna parallel to the axis of the magnets). 

The 435-MHz Mode J downlink antenna is a simple 
monopole, linearly polarized, and located on the top 
of the spacecraft. Note that its location may result in 
some radiation shielding at high Southern Hemi¬ 
sphere latitudes. 

telecommand system 

A five-function telecommand system of a new 
design is carried on OSCAR D. The system is based 
on the best features of the OSCAR 6 and 7 telecom¬ 
mand systems, and is designed to be virtually im¬ 
mune to noise and interference. The command func¬ 
tions are: 

Mode A Select (Two-to-ten meter transponder 
ON) 

Mode J Select (2 meter to 70 cm transponder 
ON) 

Mode D Select (recharge mode; both tran¬ 
sponders OFF) 

Ten-meter Antenna Deployment 

Ten-meter Antenna Reset 

telemetry system 

OSCAR D contains a six-channel Morse code tele¬ 
metry system similar to the units flown in OSCARs 6 
and 7. Telemetry is sent at 20 words per minute as 
three-digit numbers; A1 emission is used in keying 
the Mode A or Mode J telemetry beacons, depend¬ 
ing upon which transponder is in use. The six tele¬ 
metry parameters are: 

Channel 1. Total Solar Array Current — 
f T = 7.15 (lOl N)ma, 

Channel 2. Battery Charge-Discharge Current — 

lnat-57 (N-50) ma . 

Channel 3. Battery Voltage— 

V8 = 0.1 N + 8.25 Volts 
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Channel 4. Baseplate Temperature— 

T bp = 95 8- 1.48 N(°C) 

Channels. Battery Temperature— 

T B at-95.8- 1.48 N(*C) 

Channel 6. RF Power Output, Mode J — 

P JT = 23 N milliwatts 

Note that, unlike OSCAR 6 and 7 telemetry, OSCAR D 
has only one parameter per line (OSCARs 6 and 7 had 
4). As a result, a complete telemetry frame is sent in 
approximately 20 seconds. 

power supply 

The spacecraft contains solar panels on its four 
sides (along the +X, ~ X, +Y, and - Y axes), and 
on the top (the + Z axis). No panels are contained on 
the bottom (-Z axis) since this is where the 
spacecraft is attached to the launch vehicle. The 
solar cells, combined with a 12-cell, six-ampere-hour 
rechargeable nickel-cadmium battery should be ade¬ 
quate to power the spacecraft with a positive power 
budget in Mode A for several years, even considering 
solar cell degradation in the radiation environment. 
The power drain in Mode J, however, is somewhat 
larger, so the Mode J transponder probably cannot 
be operated continuously. 

A battery charge regulator is also contained which 


downlink passbano 


MIXED MODE 


1. Guard bands to avoid interference to beacons. These frequen¬ 
cies are available for emergency and bulletin stations. 

2. RTTY and slow-scan television are placed at the edge of the CW 
and ssb passbands. This conforms to their high-frequency use 
where RTTY is present within the CW space, and SSTV is transmit¬ 
ted in the ssb sub-band. 

3. Mixed-mode area is recommended for crystal-controlled sta¬ 
tions, DXpedition stations, or anyone wishing to work both CW 
and ssb stations. 


fig. 1. Basic satellite band plan proposed by G3ZCZ and 
adopted by the AMSAT Board of Directors in October, 1977. 
This band plan allocates a percentage of the available radio 
frequency spectrum as seen on the downlink to different 
modes of communication. The relative amount of spectrum 
for each mode is thus the same for any transponder in any 
satellite. Band plan frequencies for AMSAT OSCARs 7 and 8 
are shown in fig. 2. 


converts from the 28-30 volt solar array voltage to 
the 14-16 volts required by the battery. It also tapers 
the charge rate so the battery trickle-charges as the 
battery approaches full charge (as indicated by the 
battery voltage). 

stabilization system 

Four permanent magnets located inside the 
spacecraft and aligned along the 1 axis provide 
stabilization, as in OSCARs 6 and 7. The polarity of 
the magnets is such that the top (+Z axis) of the 
spacecraft always points toward the magnetic north 
pole of the earth. Hysteresis permalloy damping rods 
mounted behind the +X, “X, + Y, and - Y solar 
panels are designed to reduce the spin of the 
spacecraft about the Z axis; they function in a man¬ 
ner similar to a shorted transformer turn as it cuts the 
lines of flux of the earth's magnetic field. The per¬ 
malloy rods are left over from OSCAR 7, which suc¬ 
cessfully used the same type of stabilization system. 

launch interface and orbit 

The OSCAR D spacecraft is being launched from 
the NASA Western Test Range as a secondary 
payload with the NASA Landsat-C earth resources 
technology satellite and the NASA PIX (Plasma In¬ 
teraction Experiment). The spacecraft will be ejected 
from the second stage of the two-stage Thor-Delta 
2910 launch vehicle 5120.6 seconds after lift-off, at 
an approximate position of 78 degrees N. latitude 
and 15 degrees W. longitude. Programmed orbital 
parameters are: 

Apogee 928 km (577 statute miles) 

Perigee 884 km (549 statute miles) 

Period 103 minutes 

Inclination 99.0 degrees 
Time of Descending Node 9:30 AM 
(launch window from 1754-1824 UTC) 

The orbit is planned to be sun-synchronous with 
passes repeating at the same time each day on a one- 
day cycle (as opposed to the two-day cycle of 
OSCARs 6 and 7). 

spacecraft initialization 

AMSAT-OSCAR D will automatically be powered 
up upon ejection from the Thor-Delta launch vehicle 
over northern Greenland at which time it will assume 
the next available number in the OSCAR series. It is 
designed to initialize itself in Mode J (two-meter-to- 
70-cm transponder ON). The two-to-ten meter 
(Mode A) transponder will be initialized OFF and 
should be kept off until the spacecraft is nearly com¬ 
pletely stabilized, which may require as much as a 
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I 

MODE A I 29.4 

i 

MODE 8 , 145.925 

MODE J J 4351 
I 

fig, 2. Satellite band plan for AMSAT OSCAR 7 and 8. As 
shown in fig . 1. this plan is based on percentages of the 
downlink passband, and applies to both inverting and non¬ 
inverting transponders. In Modes A and J the guard chan¬ 
nels are 5 kHz wide; the guard channels in Mode B are 2.5 
kHz wide. 


feet operations decisions is channel 3 (battery volt¬ 
age). In Mode A the spacecraft should maintain a 
positive power budget so there should not be a net 
discharge of the battery over an orbit average. Mode 
J operation, however, requires somewhat more 
power, which may result in a net discharge of the 
battery, especially under conditions of high trans¬ 
ponder loading; therefore it will be necessary for tele¬ 
metry and telecommand stations to keep a close 
watch on the battery voltage so that action can be 
taken as necessary to command the spacecraft into 
Mode D (the recharge mode) before the battery dis¬ 
charges too far. Three cutoff levels are specified 
below: 


29435 

1 

1 2 9 465 

1 

1 29 5 MHz 

/45 94 

1 

| 145 96 

1 145 9 75 MHz 

435 /35 

] 435.165 

1 

435 2 MHz 
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week. Because of the non-rigidity of the deployable 
ten-meter dipole antenna, this antenna must not be 
deployed until the spacecraft spin rate is less than 1 
rpm; otherwise, the antenna may be severely dam¬ 
aged or may not deploy properly. OSCAR D's ten- 
meter antenna is comprised of tubular extendable 
members which are slowly unreeled from the space¬ 
craft by small motors. The deployment process takes 
approximately 15 seconds and is non-reversible {i.e ., 
the antenna elements cannot be retracted once they 
are deployed). During the time when the antenna is 
being deployed, the telemetry beacon switches from 
its normal Morse code format to a series of keying 
pulses, the rate of which is a function of the tip-to-tip 
length of the ten-meter dipole; the rate-of-change of 
the telemetry pulses will be carefully tape-recorded 
during deployment of the antenna to permit analysis 
later to verify success. 

telecommand verification 

OSCAR D's telecommand and telemetry systems 
have been designed to provide two means to verify 
whether the spacecraft is accepting commands. 
First, when the telecommand system has been en¬ 
abled and is ready to accept a command, the Morse 
code telemetry will be interrupted and an unmodulat¬ 
ed carrier will be heard on the beacon frequency. The 
beacon will revert back to Morse code telemetry 
when the telecommand system is no longer enabled. 

The second method of telecommand verification is 
to use the "Ten-meter Antenna Deployment" com¬ 
mand. This will cause a series of keying pulses to be 
heard on the telemetry beacon in place of the Morse 
code telemetry if the command has been accepted. 
The "Ten-meter Antenna Reset" command should 
be sent soon afterward to restore the beacon to the 
Morse code telemetry mode, 

telemetry interpretation 

The most important telemetry channel that will af- 


Red Level A (1.2 volts/cell) Channel 3 = 61 counts 
Red Level B (1.1 volts/cell) Channel 3 = 50 counts 
Red Level C (1.0 volts/cell) Channel 3 = 38 counts 

Red Level A should be used during the first year or so 
of the spacecraft's life as the cutoff point below 
which telecommand stations should command the 
satellite into Mode D for recharging. Later in the 
spacecraft's life, as the battery discharge characteris¬ 
tic curve changes, Red Level B should be used; Red 
Level C should be used if there is evidence of battery 
deterioration or if it is desired to recondition the 
battery. 

Channel 1 (solar array current) provides an indica¬ 
tion of whether the spacecraft is in the sun or eclipse 
(it should read in the nineties in counts when in 
eclipse). Fluctuation in channel 1 telemetry is the 
best indicator of the rate of spin of the spacecraft, 
along with observations of fading, particularly of the 
435-MHz Mode J downlink signal from the quarter- 
wave 435-MHz monopole antenna. 

Channel 2 (battery charge-discharge current) gives 
information on whether the battery is charging or dis¬ 
charging. A reading larger than 50 counts indicates 
that the battery is charging, while a reading of less 
than 50 counts means the battery is discharging. 
There is a two-second integration time associated 
with the current telemetered on this channel. The 
total power drain of the spacecraft can be deter¬ 
mined by observing channel 2 while the spacecraft is 
in darkness (as indicated by channel 1, which should 
read in the 90s in darkness). 

Channels 4 and 5 (baseplate temperature and bat¬ 
tery temperature) should generally track within a few 
degrees (except perhaps in the first day or so after 
launch when the spacecraft has not yet stabilized at 
thermal equilibrium). Experience from OSCARS 6 and 
7 indicate that the battery can overcharge and over¬ 
heat during periods of the year when the spacecraft 
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sees the most sunlight. If this is the case, channel 5 
may exceed channel 4 in temperature by 10 degrees 
Celsius or more, and action should be taken to reduce 
this overheating. This can be accomplished by keep¬ 
ing the spacecraft in Mode J to consume any extra 
charge current from the battery. 

Channel 6 is a measure of the Mode J transponder 
435-MHz rf power output. Associated with the tele¬ 
metered readings is an integration time of 2.5 
seconds, so that it is average power rather than peak 
power that is telemetered. There is no telemetry of 
the Mode A transponder. The Mode A transponder 
power consumption (largely determined by power 
amplifier current) can be measured by observing 
channel 2 telemetry as noted above. 

operating schedule 

Since the prime mission of the AMSAT-OSCAR D 
spacecraft is to use the Mode A transponder for the 
ARRL OSCAR educational program in schools, the 
spacecraft may be (eft in Mode A during weekdays 
(Monday through Fridays, United States time), and 
put in Mode J on weekends. Note that all communi¬ 
cations should conform to the G3ZCZ band plan 
shown in figs. 1 and 2. Additionally, if not an exces¬ 
sive burden on the telecommand stations, evening 
orbits in the Western Hemisphere (morning orbits in 
the Eastern Hemisphere) can be switched to Mode J, 
battery permitting. In any case, all operation in Mode 
J will require careful monitoring of the battery charge 
level (as indicated from channel 3 telemetry). The 
power budget may not support the Mode J trans¬ 
ponder for continuous fulltime operation in this mode 
over an entire weekend. In any event, details of the 
operational modes of the spacecraft wi(( be an¬ 
nounced by AMSAT in the Newsletter, with late up¬ 
dates on the AMSAT Nets. 

OSCAR D will operate in a 900 km (560 statute mile) 
orbit, i.e., at just over half the altitude of the orbit of 
OSCAR 7. Thus, communication ranges will be differ¬ 
ent. The usable time on an overhead pass will be 
about 18 minutes instead of the 22 minutes provided 
by OSCAR 7, and the horizon range will be 3220 km 
(2000 miles) instead of the 3940 km (2450 miles) of 
OSCAR 7. This means that transatlantic communica¬ 
tions will still be possible, but not as often as with 
OSCAR 7. 

Keeping track of this satellite is going to be much 
simpler than for OSCAR 7. It will come into range at 
approximately the same time each day; the overhead 
descending node pass is planned for 9:30 AM 
local time. 

credits 

It is impossible to single out all those who contrib¬ 


uted to the construction of the spacecraft, but a few 
calls can be listed. 

JAMSAT —Mode J Transponder: JA1ANG, 
JA1CBL, JG1CDM, JA1VDV, JA1JHF, 
JR1SWB 

AMSAT — Mode A Transponder: WA4DGU, 
W3PK 

Morse Code Telemetry System: W5CAY, WA4DGU 

Telecommand System: W3GEY, WA3LND, 
WA3ZCE, W3HUC, W3ITO, 
K1RT/WA1JZC 

Antenna and Antenna Deployment Module: 

W3GEY, W3HUC, W3ITO, K1RT, 
WA3LND 

Power System: DJ4ZC, JA1TUR, JF1DMQ, K1RT, 
W3HQ 

Structure and Module Containers: K6GSJ and Pro¬ 
ject OSCAR, K1JX/WA1JLD, K1RT, 
WA4DGU, VE3DPB, W3HSO, 
WB0GIM, Henry Smith, David 
Vanderbeke, W3ZKI 

Cables and Wiring; Marie Marr, W3TMZ 

Engineering Drafting: WB4GIB 

To others who contributed or assisted, our thanks 
and the thanks of thousands of radio amateurs, 
school children, and educators. Let's use the sateWte 
wisely so that it will further help the educational pro¬ 
gram until the Phase III satellites are flying high. 

ham radio 
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very low-noise 

GaAs FET Preamp 


for 432 MHz 

Construction details 
for a uhf GaAs fet preamp 
that will provide 
a 0.7 dB noise figure 
with 18 dB gain 
at 432 MHz 


Every amateur who is active on the uhf bands is 
looking for ways to improve his system performance. 
One of these ways is to use a receiver preamplifier 
with lower noise figure and higher gain; some excel¬ 
lent preamplifier circuits have been published in ham 
radio . The low-noise uhf preamplifier described by 
W1JR in the March, 1975, issue is perhaps the best 
known of these circuits, 1 and is widely used by EME 
operators and others who are interested in long 
distance, weak-signal uhf communications. 

This article describes a low-noise, state-of-the-art 
preamplifier for 432 MHz which uses an NEC 
NE24406 (2SK85) GaAs fet. This preamp is capable 
of a 50°K (0.7 dB) noise figure at 423 MHz, so it can 
improve the performance of your uhf receiving sys¬ 
tem by about 100°K, as compared with a conven¬ 
tional bipolar transistor. 

By Shigeru Sando, JH1BRY, 8-17-204 
Sakonyama Asahi-ku, Yokohama 241, Japan. 
Mr, Sando is a microwave semiconductor 
development engineer at the Semiconductor 
Division of the Nippon Electric Company. 
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field-effect transistors 

The history of the fet is older than most people 
realize. In fact, it's one of the oldest three-terminal 
solid-state devices. Dr, Shockley first proposed the 
fet in 1952, but because of a variety of technological 
and fabrication difficulties, fets did not become prac¬ 
tical until the early 1960s. 

Basically, there are three different types of fets. 
The junction fet or jfet is the simplest of the three 
types and became commercially available about the 
same time as the first bipolar microwave transistors. 


90* 

♦ l»0 
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fig. 1. Smith chart plot of the NE24406 impedance character¬ 
istics at 432 MHz. Vyopr ls the OP 1 *"™™ source impedance 
for noise figure at 423 MHz. 

Advances in fabrication techniques and requirements 
for lower power fostered the development of the 
metal-oxide-semiconductor fet or mosfet . Both the 
jfet and mosfet are widely used in applications which 
require high input impedances, such as in the input 
stages of test instruments. The same fabrication 
processes developed for mosfets are also useful in 
the manufacture of integrated circuits. 

In the microwave region the bipolar transistor has 
reigned supreme for a number of years — it wasn't 
threatened by either the jfet or the mosfet. However, 
a third type of fet has changed that. This new fet, 
which uses a Schottky barrier at the gate electrode, 
is called the metal-semiconductor fet or mesfet. 
Mesfets use Gallium Arsenide (GaAs) as the semi¬ 
conductor material and are usually referred to as 
GaAs fets (pronounced gas fets). 

Gallium arsenide has high electron mobility (5 to 7 
times as high as silicon), and offers significant advan- 



fig. 2. Recommended GaAs fet bias circuit uses a series re- 
sistor in the gate circuit to protect the device from tran¬ 
sients. 

tages over silicon at microwave frequencies. The in¬ 
trinsic characteristics of GaAs result in shorter transit 
times and lower resistance, thereby providing higher 
gain, lower noise figures, and extremely high cut-off 
frequencies — all important characteristics for micro- 
wave transistors. 

Gallium arsenide has been under development for 
several years, and practical microwave GaAs fets are 
now available off the shelf. Recently I had an oppor¬ 
tunity to experiment with the NEC NE24406 (2SK85) 
GaAs fet. Although there have been many published 
reports which describe the performance of the 
NE24406 in amplifiers up to X band (about 12 GHz), 
there have been no published data on their use below 
500 MHz. This article describes the first experimental 
results of the NE24406 GaAs fet on the amateur 70 
cm band. 

noise figure 

Obviously a transistor with a low noise figure is re¬ 
quired in a low noise preamplifier, but that's not the 



Layout of the low-noise 432-MHz preamplifier. The input is 
to the left, output to the right. The GaAs fet is installed in 
the center shield partition. Capacitors Cl and C3 are sup¬ 
ported by their own leads; C2 (left compartment) and C4 
(right compartment) are mounted in the side walls of the 
chassis. 
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only requirement. Also to be considered are the ef¬ 
fects of the next stage's noise figure and the re¬ 
quirements for a low-loss matching circuit, low feed¬ 
back, and good stability. 

The overall noise figure of a receiving system is 
given by the following formula 


NF t = NFj + 


NF 2 ~i 

Gj 


( 1 ) 


Where 

NF T = Total overall noise factor 

NFj = Noise factor of the first stage 

NF Z = Noise factor of the second 
stage 

C; = Available power gain of the 
first stage 


Note that the noise factors and power gains must be 
in ratios, not in dB, For example, consider that you 
have a preamplifier with a 1.0 dB noise figure 
[NFj = 1.259) and 10 dB power gain (G;=/0); the 
noise figure of the second stage is 5 dB 
[NF 2 = 3.162). The calculated overall noise factor 
NF r ls 1.475 (or a noise figure of 1.688 dB). 

Note that the system noise figure has increased 
about 17 per cent as compared to the preamplifier's 
noise figure. For best results, it's recommended that 
you use a lower noise second stage with a higher 
gain preamp. 

One question that often arises is, "Can the noise 
figure of the preamplifier be as low as the noise figure 
of the transistor itself?" No, it cannot, even on the 



Cl 3 pF piston trimmer (Johanson 7274 or 7284) 

C2, C3 10 pF piston trimmer (Johanson 5202) 

C4 15 pF piston trimmer (Johanson 5402) 

LI, 12 1 turn no. 20 (0.8mm), 1/4"(6mm) ID (see fig. 5) 
J1,J2 SMA type coaxial connectors 
G1 NEC NE24406 GaAs fet 
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OPERATIONAL AMPLIFIER 
BIAS CIRCUIT. 


OPERATIONAL AMPLIFIER BIAS CIRCUIT 
FOR THE CONDITIONS V 0S =3.0V Ip^lOmA 


fig. 3. Several circuits that may be used to provide bias in fet 
circuits. Note that all circuits must be bypassed at rf. 


assumption that there are no matching or circuit 
losses. One way to describe the optimum noise 
figure of a transistor is noise measure which is ex¬ 
pressed as 


M+1 = 


NF-1 



( 2 ) 


where 


NF= Noise figure of the transistor 

G = Associated gain of the transistor 

The value of M + 1 shows the ideal total system noise 
figure, and indicates the same result where an infinite 
number of transistors with the same characteristics 
are used in cascade. 

Assume you have a transistor which has a 
specified noise figure of 1.2 dB INF-1.318) and 14 
dB gain { G = 25.12). From eq. 2 


fig. 4. Schematic diagram of the low-noise preamp for 432 
MHz which provides a 0.7 dB noise figure and 18 dB gain. 
Lowest noise figure occurs at drain current flow of 10 mA 
(see fig. 7). 


M + 1 = = 1.351 or 1.243 dB 

25l2 
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fig. 5. Layout of the low-noise GaAs fet preamp for 432 MHz. 
The enclosure is made from brass sheet, 0.028 " 0.048" 
(0.7- 1.2mm) thick. 


This shows the minimum value of amplifier noise 
available from a transistor with a 1.2 dB noise figure 
and 14 dB gain (assuming no matching or connector 
losses). 

circuit description 

The GaAs fet has several disadvantages which 
make it somewhat more difficult to use than the 
bipolar transistor. For one thing, as shown in the 
Smith chart plot of fig. 1, the impedances are very 
high. This also indicates that the GaAs fet is a high () 
device and not easy to match to low impedances 
such as 50 ohms. Also to be considered is the bias 
circuit. Once an operating point has been established 
for the GaAs fet, a bias circuit must be chosen which 
will provide stable operation over the required 
temperature and frequency range. 


The importance of affording adequate protection 
against transients and change in I DSS cannot be over 
emphasized. As every designer who uses GaAs fets 
will eventually discover, transients are the leading 
"fet killer." The most likely burn-out mode is a short 
from gate to drain or from gate to source which is 
caused by high field or high current transients. The 
highest field in common-source operation is between 
the drain and gate, and should never exceed 10 volts. 

The best way of applying bias is to use a battery 
through a series resistor to the gate, as shown in fig. 
2. Although two power supplies are normally 
required, a source resistor may be used to develop 
the necessary reverse bias, but it may reduce both 
gain and noise figure. Several bias circuits are shown 
in fig. 3. 2 it should be mentioned that all bias circuits 
must be bypassed to rf; a series gate resistor from 
1000 ohms to 10k will protect the gate from high- 
frequency transients. 

For best performance a low-loss input matching 
circuit is very important; low-loss components 
should be used in the simplest possible low () circuit. 
As can be seen in the Smith chart plot of the 
NE24406's S-parameters, \S n \ and |S J2 | are very 
large; the optimum source impedance for noise 
figure, V FOPTt is also very high. Fortunately, the 
optimum source impedances for gain and noise 
figure are not greatly different. Therefore, the input 
matching circuit can consist of a series capacitance 
or inductance. Since the series reactance must be 
carefully selected, the capacitor has the advantage of 
being easily tuned. 

Theoretically the preamplifier will work fine with 
only a series capacitance in the input circuit, but the 
NE24406 can provide 12 dB gain in the 4-GHz band, 
so there's a possibility of oscillation outside the 
430-MHz band. The parallel resonant circuit, L1-C2, 
in fig. 4 suppresses these oscillations. LI is also used 
to supply bias to the gate of the GaAs fet. The reso¬ 
nant impedance of L1-C2 is very high, and input 
matching is actually provided only by Cl. 

As was shown in eq. 2, the noise figure of a tran¬ 
sistor amplifier depends greatly on the available gain 
of the device being used. Since a gain increment of 
4.0 to 4.5 dB (|S 2 2l = 0.8) can be anticipated at 432 
MHz for the NE24406 when the output is matched, 



m 


fig. 6. Recommended drain voltage supply circuit for the 
NE24406 GaAs fet preamplifier. 
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fig. 7. Preamp noise figure and power gain as a function of 
drain current. Note that lowest noise figure occurs at 
l D = 10 mA. 


improper output matching will degrade noise figure. 
Since the output impedance of the GaAs fet is 
extremely high, I installed a simple parallel resonant 
circuit at the output(L2, C2, C3), and matched to the 
50-ohm output with the capacitive portion of the net¬ 
work. Both the input and output circuits have rela¬ 
tively high Q, so stable operatin is obtained over a 
narrow bandwidth. 

construction 

Basic construction of the low-noise 432-MHz 
preamplifier is shown in fig. 5. The enclosure is made 
from no. 18 to no. 22 (0.028-0.048 inch or 0.7-1.2mm 
thick) brass sheet. Do not omit the center shield — 
it's absolutely necessary to obtain stable operation. 



332MHz 432MHz 532MHz 


20MHz/DIV 

fig. 8. Passband response of the low noise432-MH2 preamp; 
gain is 3 dB down at approximately 414 and 456 MHz. 


Although no particular care is required when 
mounting the GaAs fet, the source leads should be 
separated and soldered directly to the holes in the 
shield plate. Also, when soldering the drain and gate 
leads to the input and output coils, take care not to 
pull on them too strongly. 

Any type of coaxial connector may be used at the 
input and output, but for best noise performance it's 
important that the connector have good uhf charac¬ 
teristics. The losses of BNC connectors will degrade 
the noise figure. I used type SMA connectors. Type 
N or TNC connectors could also be used, but SMA 
types are much smaller and therefore more suitable 
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fig. 9. Return loss (vswr) of the GaAs fet preamp. 


for a miniature low-noise preamplifier such as 
this one. 

operation and test 

After construction is completed, inspect each part 
to make sure you haven't made any wiring errors. 
The components in the bias circuit should be 
checked and double checked. When you are satisfied 
that the circuit is correctly built, the bias and drain 
supply voltages should be applied to the GaAs fet in 
the following manner: 

1. Voltage is initially applied to the gate circuit 
with a 3-volt battery (see fig. 4). This reverse 
biases the gate and prevents current flow in the 
drain circuit, which may reach the magnitude of 
loss* There is no problem in allowing current flow 
up to Idss* but the intention here is to suppress 
any transient phenomenon due to this current 
(there are examples where I DS s reaches 100 mA). 

2. Next apply the drain voltage, but make sure 
that the voltage between drain and source, Vd Si 
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does not exceed 3 volts. When the drain voltage 
approaches 2.7 volts, the drain current should be 
set to 10 mA by adjusting the 10k pot in the bias 
circuit. 

With the completion of these two steps, amplifier 
bias is established. A recommended drain bias circuit 
is shown in fig. 6. 

Note that when a reverse bias is applied to the gate 
and drain, and current flows with only a slight appli¬ 
cation of drain voltage, either the gate circuit is open 
or a breakdown has occurred in the GaAs fet. 

After completing the bias adjustments, adjust the 
input tuned circuit to resonance with a grid dipper. 
Apply a weak signal in the 430-MHz band and tune 
Cl, C3, and C4 for maximum gain. When the preamp 
is adjusted for maximum gain, the noise figure will 
deteriorate slightly, but not seriously. 

performance 

The performance of the GaAs fet preamplifier is 
shown in the graphs of figs. 7, 8, and 9. The plot of 
noise figure vs drain current (fig. 7) shows that 
lowest noise figure occurs at I D = to mA. The band¬ 
pass characteristic of the preamp is shown in fig. 8; 
when the preamplifier is peaked up to 432 MHz, gain 
is 3 dB down at approximately 414 and 456 MHz. In 
most applications no external bandpass filter should 
be required. Fig. 9 shows the vswr at the input and 
output of the preamplifier. The third-order !MD pro¬ 
ducts are shown in fig. 10; 1 dB compression occurs 
at about 0 dBm — the third-order intercept point is at 
a very respectable + 20 dBm (100 mW). 

When this preamplifier is adjusted for maximum 
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fig. 10. Input-Output characteristics of the GaAs fet preamp. 
Third order intercept point is at +20 dBm {100 mW); 1 dB 
compression is at approximately 0 dBm |1 mW). 
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fig. 11 Block diagram of the noise-figure measurement set¬ 
up used by JH1BRY when evaluating preamplifier per¬ 
formance. 


gain, the measured noise figure is about 0.75 dB. If 
an automatic noise figure meter is available, the input 
and output circuits can be adjusted for best noise 
figure — my measurements indicate that a noise 
figure improvement of about 0.1 dB is possible. 

When making noise-figure measurements, I use an 
AIL noise-figure meter with a solid-state noise source 
(fig. 11). Gaseous-discharge noise sources are also 
available for this frequency range, but they should 
never be used with fragile GaAs fet circuits which are 
susceptible to damage from surge transients. 

summary 

This GaAs fet preamplifier should bring you right 
up to the state-of-the-art in noise figure at 432 MHz. 
The NE24406 GaAs fets are available in the United 
States from California Eastern Laboratories* or one 
of their sales representatives. 

I would like to express my deep appreciation to Aki 
Munezuka, JA1VDV, for providing me with detail 
information on 432-MHz EME and kindling the fire of 
uhf ssb, and to Carl Peterson, K6VJN, who gave me 
an opportunity to publish this article. I also wish to 
thank the Nippon Electric Company for the use of 
test equipment and devices necessary to design this 
preamplifier. Special thanks go to Haruo Yoneda, 
JA1ANG, for all his helpful suggestions. 

‘California Eastern Laboratories, Inc., One Edwards Court, Post Office Box 
915, Bur/ingame, California 94010; telephone (415) 342 7744. The NE24406 
is priced at $190.00 in smalt quantities After this article was written, NEC 
announced the basic GaAs fet in a smaller package at a lower price; this 
device is designated the NE24483 and is priced at $120.00. 

references 

1 Joseph Reisert, W1JR, "Ultra Low Noise UHF Preamplifier," ham radio, 
March, 1975, page 8 

2. Jerry Arden, "The Design, Performance, and Application of the NEC 
V244 and V388 GaAs FET," California Eastern Labs, Burlingame, California, 
June, 1976. 
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simple paddle 


for electronic 
keyers 

Construction details 
for the 

Ambidextrous Paddle 
for Electronic Keyers 
or APEK 

The need may arise for the serious CW operator to 
take a battery operated electronic keyer on a mobile 
trip or to environments where a heavy fixed station 
dual-lever paddle simply has to stay home. I have im¬ 
provised several keying devices in the past which 
provide comfortable keying of the mobile or portable 


rig under the varied conditions typical of such excur¬ 
sions. These devices were, however, all of the single 
lever variety that either had to be wedged, clamped, 
or clipped on to something, and moreover, had an 
extra lead going to the keyer — a nuisance at the 
best of times. 

The keying paddle described here is essentially a 
dual-lever device which has proved to be so versatile 
that most of the problems typical of portable or 
mobile operation could be surmounted. As a matter 
of fact since inventing this Ambidextrous Paddle for 
Electronic Keyers, which I call APEK, the heavy dual¬ 
lever paddle at the fixed station has hardly been used 
at all. 

The APEK is basically a three-contact jack plug 
with a few bits and pieces added, the total cost of 
which is hardly worth mentioning. Should a particu¬ 
lar keyer, however, not be fitted with a jack type pad¬ 
dle socket, such a socket will have to be mounted on 
the front panel in a convenient position and connect¬ 
ed in parallel with the existing socket. Since the 

By Vidi la Grange, ZS6AL, 3 Elgar Street, 
Vanderbijlpark, 1900 Republic of South Africa 
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APEK plugs directly into the keyer, it can be rotated 
to have the dot lever at the right or left — a real ambi¬ 
dexter! As a matter of fact, it can be rotated into any 
convenient angle depending on the orientation of the 
keyer, which, during mobile or portable work can be 
just about anything imaginable. 




fig. 1. Construction of the Ambidextrous Paddle for Elec¬ 
tronic Keyers or APEK. The paddle is built completely from 
junk box parts, as described in the text. 


The keyer shown in the photograph was built into 
a box which fits snugly into the car's door box. The 
APEK sticks out vertically so you can reach it without 
effort. Another attractive feature is the fact that the 
APEK is compatible with dual-lever keying devices. 
Squeeze keying features, if provided, don't have to 
be sacrificed when using the APEK, a feature impos¬ 
sible to achieve with single-lever keying devices. 

construction 

Obtain a standard three-connector jack plug and 
remove the shell. Cut off the ground connection 
close to the jack body. Drill and countersink two op¬ 
posing holes in the plug shell about 8 mm (5/6 inch) 
from the unthreaded end. The holes should be suited 
to take two 2.3 mm by 4 mm (3/56 x 5/32 inch) coun¬ 
tersink machine screws. 

Take two small solder lugs and connect about 
60 mm (2-1/4 inch) of thin flexible hook-up wire to 
each. Fit one of these lugs to each screw on the in¬ 
side of the shell and secure with a nut. Find a suitable 
flat washer which will fit over the threaded part of the 
jack body and having an outside diameter slightly 
larger than that of the shell. 

Prepare two strips of spring brass approximately 
0.5 mm (1/64 inch) thick, 5 mm (3/16 inch) wide and 
40 mm (1-1/2 inches) long. De-burr the edges and 
bend them into the shape shown in fig. 1. Solder 
these strips to the rim of the flat washer in opposing 


positions. This step can be simplified by temporarily 
assembling the plug. Mark off, on the underside of 
each strip, the positions of the screw heads fitted to 
the shell. 

Disassemble the plug, clean and tin the positions 
marked off on the strips. Form a small blob of solder 
at these points and file them lightly to give a flat con¬ 
tact surface. Solder the two pieces of hookup wire, 
already connected to the screws on the shell, to the 
inner and outer lugs of the jack. Leave these wires 
long enough to survive the twist they will get when 
putting the jack together. 

Shape two pieces of old PC board according to 
taste or as shown in fig. 1 to form the paddle 
handles. Fix them to the brass strips with a small 
amount of epoxy. Finally, one or two wraps of elec¬ 
tric tape cut to the correct width should be wound 
onto the jack shell. This will provide the necessary 
damping of the otherwise too springy brass strips. 

final adjustment 

Contact spacing and spring tension can be adjust¬ 
ed by means of long nosed pliers. If you find that the 
spring tension is too high, a small hole drilled through 
the spring at the position indicated should do the 
trick. Then determine by experiment which side of 
the APEK activates dots or dashes and mark it for 
your convenience. 

ham radio 
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spectrum analyzer 

tracking generator 


What is a tracking generator? When used with a 
spectrum analyzer it generates a CW signal corres¬ 
ponding to the frequency at which the spectrum an¬ 
alyzer is tuned. It's useful for looking at filter re¬ 
sponse. Filter blowby and undesired responses can 
be readily observed. 

The generator described here was built for use 
with the spectrum analyzer described in reference 1. 
A tracking generator identical to this one is now be¬ 
ing used with a Hewlett-Packard 8554/141. The 
tracking generator can be used with almost any 
spectrum analyzer that provides first-local oscillator 
output and has a first i-f of 200 ± 20 MHz. 

Because of the tracking generator's oscillator in¬ 
stability, narrow-bandwidth measurements can't be 
made, such as the bandpass response of crystal fil¬ 
ters. Nevertheless, it's useful for measuring re¬ 
sponses at other frequencies (parasitic resonances) 
often found in crystal filters. 

circuit description 

The schematic is shown in fig. 2. G1 and 02 pro¬ 
vide some gain and isolation between the 200-MHz 
oscillator, Q3, and the first i-f amplifier of the spec¬ 
trum analyzer. R1 provides fine tuning and should be 
located for easy access by the operator. MX1 mixes 
the 200-MHz output with the signal from the first 
local oscillator to provide the 100-kHz to 100-MHz 
tracking signal. An optional 130-MHz lowpass filter 
is shown. The lowpass filter attenuates the 400-500 
MHz component generated by the mixer in the track¬ 
ing generator. 


The tracking generator is built in a box made from 
1/16-inch thick (1.5mm) copper-clad board. The 
same board is used as separators between stages. 
Paper-thin copper, available from hobby shops, is 
wrapped over the surface where the cover for the 
200-MHz oscillator attaches. The other stages do not 
have shield covers. A blank compartment is available 
for the optional 130-MHz lowpass filter. Fig. 1 shows 
the layout. 

The oscillator is built on a separate piece of 
copper-clad board, 7/8 x 1-1/2 inch (22x38mm) and 


6 5 BNC INPUT 6 S 



OUC OUTPUT 


fMTjL DIMENSIONS 

apc in millimeters 
and t inches* 


I fig. 1. Circuit-board layout. Shielding is important for the 
200-MHz oscillator compartment (see textl. 

By Wayne Ryder, W6URH, 115 Hedge Road, 
Menlo Park, California 94025 
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is held in place with double sticky-back tape, Two 
ferrite beads are strung on the ground wire that con¬ 
nects the oscillator ground to the compartment 
ground to minimize ground-loop currents, which 
can cause radiation from the oscillator. The mixer 
can be a standard mixer or the home-made mixer 
described in reference 1. 

Dimensions shown inside are inside dimensions. 
The assembly is 1 inch (25.5mm) high. The 1/4 inch 
(6.5mm) overhang at each end is for mounting. 

operation 

The spectrum analyzer vfo output is connected to 
the tracking generator input of the spectrum an¬ 
alyzer. 

1. Set spectrum-analyzer bandwidth to 250 or 

300 kHz and scan width to 100 MHz. 

2. Set R1 to the center of its range. 


3. Adjust Cl so that the baseline on the spectrum 
analyzer shifts up. 

4. Move L2 away from LI until the baseline starts 
to move down. 

5. Install the shield on the 200-MHz oscillator and 
adjust R1 so that the baseline is as high as possi¬ 
ble, consistent with a flat response. As the track¬ 
ing generator is being used, the 200-MHz oscillator 
will drift, and some readjustment of R1 will be re¬ 
quired. 

design considerations 

One of the more challenging problems here is pre¬ 
venting the 200-MHz oscillator from radiating into 
the first i-f. If this happens, the baseline on the 
spectrum analyzer will shift up without a signal input. 
The signal from the oscillator will leak through MX1 
backward through buffers in the tracking genera- 
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fig. 3. Suggestion for a tracking generator for measuring narrowband signals. Oscillators within the spectrum analyzer are used. 
A highly stable signal is provided. 


tor, backward through any buffer in the vco and will 
follow the path of the vco to the first mixer in the 
spectrum analyzer and leak through the first mixer 
into the first i-f. This is not surprising, since the out¬ 
put from the oscillator is about 0.5 volt and the 
spectrum analyzer sensitivity is only a few micro¬ 
volts. Also, the 200-MHz oscillator can radiate direct¬ 
ly into the spectrum analyzer if both are not care¬ 
fully shielded. 

The tracking generator described here was mount¬ 
ed on the outside back of the spectrum analyzer to 
minimize coupling. If your spectrum analyzer has a 


phase-locked vco, or if the vco is stabilized in some 
other way, you might consider a different form of 
tracking generator for measuring narrow bandwidth. 
This method uses the local oscillators within the 
spectrum analyzer and provides a more stable track¬ 
ing-generator signal. The block diagram (fig. 3) 
assumes that the last i-f is 10.7 MHz. 

reference 

1. Wayne F. Ryder, W6URH, ‘High-Performance Spectrum Analyzer/' 
ham radio, June, 1977, pages 16-30. 
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zip-cord feedlines 

Many years ago I watched as someone set up a rig 
in the desert. The power plant was set out, the rig 
was set up, and the antenna was strung out between 
two convenient cactus plants (cactus attain a re¬ 
spectable height here). The thing that caught my eye 
was the feedline. It consisted of a long length of gar¬ 
den variety zip cord. My funny look at it gained a 
quick assurance that lamp cord was a perfectly good 
feedline. 

Everything seemed to work just fine and the opera¬ 
tors had no trouble working out on the band of the 
day, which was 75-meter phone. In those days it was 
common to run 100 to 200 watts input with high 
level a-m. 

After a recent move I decided to put up a 75-meter 
antenna at home and use the most economical feed¬ 
line. In the process of getting on the air, intermediate 
forms of antennas were used. That means some wire 
of about the resonant length was thrown up on the 
roof, and the near end was run into the rig. It was 
somewhat of a disappointment to discover that the 
intermediate antenna worked better than the well 
elevated final installation. A little checking showed 
that when the feedline itself was loaded up, it worked 
better than the antenna it was supposed to be feed¬ 
ing. In short, it appeared that something was not 
quite right. 

A little further investigation revealed some rather 
interesting facts. RG-8/U, RG-58/U, and lamp cord 


were tested at 4 and 21 MHz. The rig was tuned up 
into a terminating type of wattmeter and the feedline 
under test was inserted between the rig and the 
meter. Power out with 60 cm (24 inches) of feedline 
vs power out with 9 to 18 meters (30 to 60 feet) of 
feedline was measured and the results were 
tabulated. 

RG-58/U coax showed a 58 per cent loss at 21 
MHz; it showed almost no attenuation at 4 MHz. RG- 
8/U gave about 12 per cent loss at 21 MHz. 

Zip cord looked like it was best suited for use on 
the other end of a lamp or soldering iron. If you really 
want to know, it showed about a 60 per cent loss at 4 
MHz. There was no need to measure it at 21 MHz! 

About 20 meters (65 feet) of coax was used in the 
tests, and only 9 meters (30 feet) of zip cord (the rest 
of the zip cord was still attached to the antenna). Ob¬ 
viously, more lamp cord would have shown more 
loss. These tests were not conducted under labora¬ 
tory conditions, but the variables were held to a rea¬ 
sonable level so that it was possible to reach a rea¬ 
sonable conclusion. 

In any case, the zip cord came down and the RG- 
58/U went up. A crosstown telephone call got 
K70XS on the air, again. Bill indicated that my 3-5 
watt rig was back up to its normal signal strength at 
his location. He was almost as glad as I was that my 
antenna problems were finally resolved. 

Evert Fruitman, W7RXV 
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constant-current 


battery charger 


for portable 
operation 

Tired of pulling out 
your nicads for charging? 

Here’s a neat method 
for keeping your batteries 
fully charged 
at all times 


A charging system has been developed that per¬ 
mits constant-current charging from an automobile 
electrical system to a 10-cell nicad battery pack, 
which is commonly found in handheld and similar 
portable transceivers. Since a 12-volt nicad battery is 
not easily charged from an automobile 12-volt sys¬ 
tem, a special circuit was designed to furnish a 
charging current to the nicads. 

nicad charging systems 

The most obvious method of charging a nicad bat¬ 
tery is shown in fig. 1A. A source potential, VI, de¬ 
livers current into a battery pack whose potential is 
V2 . Resistor R limits the charging current to a safe 
and maximum value. The charging current, I, is 
defined by 


/== VI- V2 — 0.6 
R ~ 


VI > V2 


( 1 ) 


in any location 


The use of portable battery-operated equipment re¬ 
quires fully charged batteries to obtain maximum 
usefulness of the equipment. For handheld transceiv¬ 
ers, keeping the batteriesfully charged would normal¬ 
ly require frequent overnight charging. If the hand¬ 
held is operated in a mobile environment it must be 
removed often from the car to the battery charger. 
However, it's possible to charge the equipment's 
batteries while in use, thus always assuring a full 
charge and maximum lifetime from the batteries be¬ 
tween charges. 


This simple circuit works only if VI is greater than 
V2, which may not be true in all instances. For exam¬ 
ple, if a nicad battery has a discharge potential of 10 
volts, a 12-volt source can be used as a charging 
source. However, as the nicad battery becomes 
charged, its potential will increase to 13.5 volts, in 
which case the charging current would actually stop 
flowing during the charge cycle. In an automobile en¬ 
vironment, source potential VI is not constant but 
may vary from 11 to 14 volts depending on the condi¬ 
tion of the automobile battery and engine rpm. Al¬ 
though the worst-case maximum voltage condition 
can be assumed, and the maximum charge current 

By Gene Hinkle, K5PA, I/O Engineering, 9503 
Gambels Quail, Austin, Texas 78758 
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defined and limited, this simple circuit will not charge 
a nicad battery with a constant current all the time. 

If a large value of VI is available, the circuit in fig. 
IB works well. Since VI is much larger than V2, the 
battery potential, the change in V2 versus charge 
time has little effect on the charging current. A lamp 
is used to decrease the voltage to the nicad at a 
specified current. This circuit is representative of 
many chargers on the market today. Its disadvantage 
is that the charging current is not exact and VI must 
be much greater than V2, which is not the case in an 
automobile system. 

Fig. 2 shows an excellent method of obtaining a 
constant-current from a common three-terminal volt¬ 
age regulator. The three-terminal voltage regulator 
would normally have its common terminal grounded 
and would deliver a constant voltage between the 
output and common terminal. However, if the com¬ 
mon line is not grounded, but left floating, and a 
fixed resistance is connected from the output to the 
common terminal, the regulator will try to furnish a 
fixed voltage across the resistance. The current 
through the resistor is given by Ohm's law: 

J OUT~ V /R 

where lour is current through resistor R; V is the 
voltage regulated by the device. 

Once the circuit is completed between the three-ter¬ 
minal regulator's common and power return (ground 
connection), current will flow through this connec¬ 
tion, even if a resistance or voltage exists in the path 
to ground. The only requirement is that the input 
voltage must be equal to or greater than the full 
charge battery potential plus 5 volts (for a 5-volt reg¬ 
ulator) plus 2 volts (overhead voltage). Thus, for a 
13-volt full-charge nicad potential and a 5-volt-type 
voltage regulator, the input voltage to the current 
regulator circuit must be greater than 20 volts. 

In the circuit shown, a transformer and rectifier 
were used to provide 30 volts dc. A 50 mA, 6-volt 
lamp was used in series with the regulator to indicate 
when the 50 mA charge current was flowing; it also 
dropped the power-supply voltage to 24 volts dc. 


J L 


fig. 1. Simple charg¬ 
ing systems for ni- 
cads. In A a resistor 
is used to limit the 
current source; the /m vi-v2-o.e yt > 

current is not con- * 

VI* Vt VI > 18 VOLTS 

stant and »s non- 

linear. Sketch B ® ® 

shows a lamp current limited source. Voltage VI must be 
much larger than V2 for good regulation. This is a very pop 
ular charging method. 



FRONT VIEW 



fig. 2. An excellent constant current regulator using a popu¬ 
lar 3 terminal voltage regulator 1C. Current source is deter 
mined by Rl. For a 7805 1C, V is 5 volts. Thus for R - 50 ohms, 
I 50 mA constant current. 


The use of three-terminal regulators is an excellent 
technique for defining a constant current level. The 
current level is easily adjusted by changing resistor 
R1 in the output circuit. The current is essentially 
constant regardless of the discharge state of the 
nicad battery. 

voltage-doubler circuit 

To use a constant-current source as described it's 
necessary to provide an input source voltage of at 
least 20 volts. In an automobile situation, a 20-volt 
source is not available, so the circuit of fig. 3 was 
designed. This circuit uses a NE-555 universal timer 
1C and two power transistors in a voltage doubling 
circuit. The output voltage is roughly twice the input 
voltage, minus any diode voltage drops. Thus, a 10- 
volt source will be converted to 19 volts and a 13-volt 
source to 25 volts. This doubled voltage is then used 
to drive a source current into a three-terminal current 
regulator. 

The operation of the voltage doubler is as follows, 
referring to fig. 3. 

The NE-555 is used in the common astable multivi¬ 
brator configuration. The oscillation frequency is de¬ 
termined by Rl, R2, and Cl and is equal to 


(R1 +2R2) Cl 

To have a near 50 per cent duty cycle the ratio of Rl 
to R2 should be around 1 to 4 as shown. 

The 555 astable oscillator drives a pair of comple¬ 
mentary transistors. High-current power transistors 
were used to switch the large charge and discharge 
currents. Transistor Q1 charges capacitor C2 to the 
input voltage during the first part of the astable cy¬ 
cle. During the second half of the cycle, transistor Q2 
puts the fully charged capacitor C2 in series with the 
supply voltage. Typical values for C2 are 

C2 = I ^T (3) 

F 

where F was defined earlier and I out ' s the constant 
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output current required. A diode and capacitor (C3I 
filter the pulsating dc to a value nearly equal to two 
times the supply voltage. The value of C3 should 
equal C2. 

Transistors G1 and G2 are plastic-cased power 
transistors. Power transistors are used because of 
the high peak currents during the charge and dis¬ 
charge cycle of C2. Although MJE 2955 and MJE 
3055 types are shown, most common power transis¬ 
tors will work. The transistors are not heat sinked be¬ 
cause both are operated in the saturated mode, thus 
power dissipation is held to a minimum. The diodes 
are 1-amp silicon types and may also be substituted 
with similar devices. 

The current regulator operates as the one previ¬ 
ously described. It may be attached to a heat sink, 
but is not mandatory. If the regulator's input terminal 
voltage is 25 volts, and the output terminal is at 17 
volts, only 400 mW of heat must be dissipated in the 
worst case. The oscillation frequency of the voltage¬ 
doubling circuit can be increased, but transistor 
switching becomes less efficient with the increased 
switching speed. A too-low frequency requires larger 
values of capacitance for C2 and C3. A good com¬ 
promise is to make the frequency between 1 and 
10 kHz. 

In the circuit shown the switching frequency was 
set to 1.4 kHz. Since ten 500 mA-hr nicads were be¬ 
ing charged, the charging current (lour) was set to 
50 mA. For an input voltage range of 10-15 volts, the 
charging current was a constant 50 mA. 

practical approach 

To make these charging schemes work in a mobile 
charging system, charging current may be delivered 
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fig. 3. Voltage doubler circuit suitable for developing 
enough voltage from an auto battery to run the current reg 
ulator. Power transistors may be substituted for those 
shown. 



fig. 4. Use of the constant-current charging source requires 
only the connection of the antenna lead to the radio in a 
mobile or base station. The current source may be located 
inside your power amplifier or within an ac-operated charg¬ 
er. For 2 meters, the rf choke, RFC, is ten turns no. 26 AWG 
(0.3mm) copper wire on a 1 megohm 1/2-watt composition 
resistor. 


to the portable unit through the antenna coaxial 
cable. This approach makes it easy to connect the 
handheld or other equipment to the charging source 
as well as to the antenna. 

It's quite common to use small power amplifiers in 
a mobile system. This creates a convenient location 
for the current source circuits. Fig. 4 shows a typical 
mobile setup. The current source is located inside the 
amplifier housing. A small rf choke isolates the in¬ 
coming and outgoing rf energy from the current- 
source circuits. A small capacitor in series with the 
antenna confines any charging potential to the inside 
of the automobile. The coax connecting the hand¬ 
held to the amplifier or antenna carries the charging 
current to the batteries through an isolating rf choke. 
A dc blocking capacitor should be used in series with 
the rf circuitry. Most transceivers employ such a 
capacitor; check your schematic. The charging cur¬ 
rent source should be connected across the battery 
at all times. 

advantages 

By charging the nicads through the coax line, the 
batteries can be maintained at full charge at all times. 

By using the a-c operated charger and the auto¬ 
mobile charger system, the nicads can be charged at 
any location. The current source could be switched 
to a lower trickle charge if desired. A 3-position 
switch could be used for this purpose and for turning 
off the regulator. 

ham radio 
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how to modify 
linear amplifiers for 

full break-in operation 


With the introduction of the Ten-Tec Triton IV, 
which provides full break-in operation on CW, I 
needed a companion linear amplifier which also had 
this very desirable operating feature. At the present 
time, however, there is only one commercially pro¬ 
duced amplifier on the market which meets this re¬ 
quirement — and it's priced at almost $3000. The 
purpose of this article is to outline the theory and 
give some typical circuits which can be used to modi 
fy any power amplifier to provide full break-in capa¬ 
bility. The circuitry is for use with grounded-grid 
triode linear amplifiers; class B or AB is assumed. 

While class C might seem to be a better choice for 
a CW power amplifier, there are several reasons to 
maintain linear operation. First, and most important, 
since class C operation is not linear, the CW wave¬ 
form supplied by the exciter will be distorted and the 
resulting output wave may produce serious key clicks 
and other unwanted spurious signals. 

For the modification described here the grid of the 
amplifier tube must be at chassis ground, with a posi¬ 
tive voltage applied as cutoff bias to the cathode. 
The classical biasing scheme, with the cathode at 



fig. 1. In the classical bias circuit. A, the cathode is ground¬ 
ed and a negative bias is applied to the grid; in the 
grounded-grid circuit a positive bias is applied to the 
cathode, B. In these circuits V g is the bias supply, V p is the 
plate supply, R g is the grid meter shunt, and R p is the plate 
meter shunt. 


ground, fig. 1A, is rearranged to place the grid at 
both rf and dc ground, fig. IB. The operating or cut¬ 
off bias is in the form of a positive voltage which is 
applied to the cathode; the high-voltage B+ plate 
supply is above ground by this potential. 

When the amplifier is used for break-in operation, 
it is essential that the tube be biased to cutoff — with 
no plate current flowing — so the tube doesn't gen¬ 
erate noise which would mask weak received signals. 

cutoff bias 

Of the several types of tubes commonly used for 
linear amplifier service, there are two basic types: 
those with hot cathodes and those with indirectly 
heated cathodes (see fig. 2). For the purposes of this 
discussion the main difference is that the bias on a 
hot cathode is applied through the center tap of the 
filament transformer (fig. 2A); bias for indirectly 
heated tubes is fed directly to the cathode through 
an rf choke (fig. 2B). 

Figs. 3 and 4 show two common ways to bias rf 
power amplifiers to cutoff. The circuit in fig. 3 (from 
the ARRL Handbook), uses a 10k resistor in series 
with the cathode circuit to develop self bias. It is the 
least acceptable method, however, because it re¬ 
quires a certain amount of plate current flow to pro¬ 
vide the bias. Therefore, the tube is not completely 
cut off. 

Another cutoff bias circuit is shown in ig. 4. It 
uses a + 150 volt bias supply which cuts off all plate 
current and powers the T/R relay, K1. Actually, for 
B + supplies up to about 3500 volts, 75 volts of bias 
is enough to cut off a pair of 3~500Zs — 75-volt re¬ 
lays, however, are hard to find. 

Fig. 5 lows a circuit which uses an rf-sensing 
transistor switch to remove the cutoff bias from the 
amplifier. Under standby conditions G2 is an open 
circuit and 50 volts cutoff bias is applied to the cath¬ 
ode. When the drive signal is applied, G2 turns on 

By Dick Frey, K4XU, Chief Engineer, Ten-Tec, 
Inc., Sevierville, Tennessee37862 
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fig. 3. Typical linear amplifier bias and control using self bias 
shown in the operating position with the amplifier on. 

and the operating bias becomes the sum of the zener 
voltage, V Z/ Q2's collector-emitter saturation volt¬ 
age, Vce(SAT), and the voltage drop across the grid 
meter shunt, R g . VceisaT) tor the specified 2N5321 
resistor is 0.8 volt at 500 mA. 

When selecting Q2, two criteria must be met: a 
low VceisaT) because this adds to the operating bias, 
and a maximum collector-voltage rating that is great¬ 
er than the applied voltage bias voltage. The Darling¬ 
ton configuration is used because transistors which 
meet the two voltage requirements seldom have the 
necessary current gain for this circuit. The power re¬ 
quirement for 02 is quite low because the voltage im¬ 
pressed across it is low when it carries the grid cur¬ 
rent. A power dissipation rating of 10 watts is more 
than adequate. The resistance of the grid meter 
shunt resistor, R g , should be as low as possible; usu¬ 
ally 0.5 ohm is sufficient with a grid current meter 
which has a 1 mA movement. 

The basic bias circuit of fig. 5, modified to accom¬ 
modate the directly heated cathodes of two 3-500Zs, 
has been used successfully in a Heath SB-220. Note 
that the zener diode no longer has to pass the full 
plate current so it is permissible to use a less expen¬ 
sive 20-watt zener diode. An added feature of this 
circuit is that if any of the devices which supply oper¬ 
ating bias fail open, cutoff bias will be applied to the 
tube — this prevents any damage that might other¬ 
wise occur. 

The 1N4004 diode shown in the negative high-volt¬ 
age line is a clamp which prevents the B~ from 
going negative with respect to the chassis in case of 
bias supply failure. 

When the linear amplifier is in the standby condi¬ 
tion virtually no current is drawn from the bias sup¬ 
ply. When Q2 turns on, resistor R? limits the current 
flow. This current will show as grid current, so it's a 
good idea to keep R1 as large as possible. When test¬ 
ing this circuit I found it was useful to provide a 
means for turning on Q2 without applying rf drive 
power; SI is a test button which does this. 

In normal operation, the linear appears to be run¬ 
ning class C because plate current is drawn only 


developed across the 10k resistor in the B- line. Relay K1 is 


when an rf drive signal is present. The amplifier is not 
operating class C, of course, but since quiescent 
plate current is no longer being drawn under no-sig¬ 
nal conditions, the average power dissipated by the 
tube due to quiescent bias (200 to 600 watts in a typi¬ 
cal class AB amplifier) is greatly reduced; this in¬ 
creases tube life, improves reliability, and results in a 
cooler ham shack. 

receiver switching 

When the power amplifier can be operated without 
using relays to switch the bias, one step remains: re¬ 
ceiver antenna switching. Electronic T/R switches 
have been available for years, but have never been 
widely accepted because, when the transmitter is 
tuned to resonance, the tank circuit acts as a "suck 
out" filter which reduces received signal strength. 
The electronic T/R switch was not the culprit — its 
placement in the system caused the problem. The 
solution is to place the electronic T/R switch at a 
high impedance point in the system. If you want to 
eliminate noisy relays which are slow and prone to 
failure and go to full break-in operation, the antenna 




fig. 2. Grounded-grid biasing arrangements for hot cathode 
tubes. A, and indirectly-heated cathodes, B. Typical hot- 
cathode tubes are the 3-500Z, 3 1000Z, and 30X1000; the 8877 
and 8874 series of power amplifier tubes have indirectly- 
heated cathodes. 
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fig. 4. Linear bias and control using an external bias supply; this method provides better operation than the arrange¬ 
ment of fig. 3. Relay K1 is shown in the operating position with the amplifier biased to cutoff. 


must be connected to the transmitter at all times. 
Thus, to find a high impedance point to connect an 
electronic T/R switch, the plate tank of the amplifier 
is a good choice. 

Coupling to the plate tank is not without its prob¬ 
lems, however. First of all, it's dangerous because of 
the high voltage that is present. Secondly, since 
there is a large amount of rf voltage present, the 
coupling capacitor Cl (fig. 6), must be small both to 
reduce its effect on the amplifier tuning and to assure 
that the T/R switch is not overdriven. This presents a 
problem because the optimum value of Cl for receiv¬ 
ing purposes, about 5 pF, is too much capacitance 
when used at the kilowatt level on transmit. There¬ 
fore, a compromise is made on the side of safety and 
reliability. 

The capacitor specified is made from RG-8/U 


coaxial cable with the center conductor overlapping 
the braid for approximately 12 mm (1/2 inch). Two 
25 mm (1 inch) square tabs, spaced 1 cm (3/8 inch), 
will also work if the mechanical layout of the amplifi¬ 
er will permit placement of this arrangement. Be sure 
that this capacitor is placed directly across the plate 
tuning capacitor after the plate blocking capacitor. 
This compromise results in a slight loss of gain on 
receive, but most transceivers have more than 
enough front-end gain to make up for the loss. 

construction 

Since most modern kilowatt linears use some sort 
of input tuning, the placement of SI in fig. 6 is not 
too difficult. The switch wafer can usually be added 
to an existing switch shaft, or the shaft can be ex¬ 
tended to provide room for the wafer. When pur- 



HIGH 

VOLTAGE 


fig. 5. Cutoff bias circuit for a linear amplifier which uses an rf sensing transistor switch. The zener voltage. M z , pro¬ 
vides the proper operating bias and was part of the original amplifier circuit. Cutoff bias circuit operation is described 
in the text. 
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chasing the wafer switch for SI, be sure to note 
whether the amplifier uses 30, 45, or 60 degree index* 
ing between switch positions. 

The location of G1 and its associated circuitry is 
not too critical except that it must be reasonably 
close to both Cl and SI to minimize losses. It should 
be shielded if it is located inside the plate tank enclo¬ 
sure and all dc leads must be shielded. Since the dc 
current drawn is very small, the + 18 volts can be ob¬ 
tained with a voltage doubler from the amplifier fila¬ 
ment supply, or from a zener regulated drop from the 
positive bias supply. The switched coils form broadly 
resonant tuned circuits with the existing circuit ca¬ 
pacitance, so some adjustment of the given values 
may be necessary. 

Triton IV modifications 

There are also modifications to the Triton /V which 
will improve performance when using a linear amplifi¬ 
er. First is a simple change to eliminate the delay of 
the control relay while using ssb. As built at the fac¬ 
tory, the time constant capacitor, C3 in fig. 7 and 
page 3-34 of the manual, is tied directly to ground on 
the circuit board. By lifting the ground end of C3 and 
taking it to the unused center pin on the board, a 
wire can be run to the mode switch, S1E (CW1 and 
CW2 positions), which will activate the delay only 
when using CW. S1E is part of the rear wafer, closest 
to the chassis. 

The second modification involves removal of the 
control relay, K1. This should be done only if the am¬ 
plifier uses a positive voltage to key its control and 



fig. 6. Electronic T/R switch for the receive antenna. The 
station antenna is connected to the linear at all times. Capa¬ 
citor Cl is less than 1 pF and consists of 12 mm {1/2 inch) of 
RG 8/U coaxial cable (see text). 



fig. 7. Modification of the Triton JV to remove the control 
relay and to eliminate unwanted delay times during CW 
break-in operation. 


changeover relay. The reason for doing this is to elim¬ 
inate the turn-on delay which is caused by using one 
relay to activate another. Relay K1 has no function in 
the operation of the Triton by itself. When the key is 
closed, it takes about 25 milliseconds for this relay to 
close, and perhaps another 23 ms for the amplifier 
relay to pick up, before the output of the Triton is 
amplified. This causes key clicks on the first dot. The 
transistor used for G4 depends on the voltage used 
on the amplifier control relay and the relay current. 
With K1 removed, there is plenty of room for the 
added components on the board. 

Some Triton users have complained of an ac hum 
in the receiver when using a linear amplifier — espec¬ 
ially in the narrow CW-1 position. This is caused by 
ac ripple (or raw ac) on the relay control line. When 
attached to the Triton T/R relay's normally-open 
jack, unshielded wires going to K1 pass underneath 
the CW filter which picks up the hum. The solution is 
simple: reroute the wiring between K1 and T/R nor- 
mally-open jacks on top of the chassis. This change 
has been incorporated in late production Tritons. 

conclusion 

What has been presented here are notes and basic 
technical information needed to modify an existing rf 
power amplifier for full break-in operation with a 
Triton IV; the circuits can also be adapted to other 
transceivers. Ten-Tec in no way assumes responsibil¬ 
ity for the use or misuse of this information, nor for 
any damage to other manufacturer's equipment re¬ 
sulting from implementation of these circuits. 

ham radio 
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how to design 

matching networks 


Six basic 
impedance matching 
networks 
and how to 
design them 
for your own 
applications 


different attenuation far from center; examples of 
this are shown later. 

The constants listed in fig. 1 reduce the size (and 
complexity) of the network equations, and will be 
used with all six networks. It must be emphasized 
that all capacitive reactances must calculate 
negative, inductive reactances positive . Any except 



CONSTANTS 


-</(2»rFC ; ; X B : -l/(Z-nFC 0 ) 

F = CENTER FREQUENCY 
R; X: 


R; Z f X, 2 


X. N 


Common L, T, and pi networks work well for im¬ 
pedance matching but they lack the selectivity re¬ 
quired for amplifiers or frequency-multiplier chains. 
Adding a component to the network and rearranging 
allows it to be selective on both sides of band center. 
Presented here are six simple matching circuits and 
their design equations that allow adjustment of de¬ 
sign Q for selectivity and different source or load 
impedances. 

Fig. 1 shows the basic network with its source and 
load interfaces. The assumption is that R t is less than 
R 0 . Simply reverse the input, output, and the net¬ 
work if R 0 is less than R t . Both source and load are 
assumed to have shunt capacitances; this is usually 
true and will include stray capacitance as well. 

The value of £) is the design Q of the network and 
determines selectivity. It is not component Q which 
should be at least five times design Q. Selectivity 
around band center is treated the same as a tuned 
circuit with a certain Q. Each of the six networks has 


Q; = R; + X, Q 0 o = R 0 + X 0 Q 

fig. 1. The basic matching network. Constants shown here 
wiii be used in calculating the values for the six different 
networks discussed in this article. 

tion to this rule with a network indicates that particu¬ 
lar network cannot be used. 

different sources and loads 

Fig. 1 tows a parallel capacitive reactance across 
the input and output terminals. Sometimes the end 
impedances are given (or measured) in series form. 
This may be converted to parallel form either by 
impedance-to-admittance plus inversion of resulting 
conductance and susceptance. Any of the calcula¬ 
tors with rectangular/polar conversion can handle 
this easily. The following conversion formula can be 

By Leonard H. Anderson. 10048 Lanark 
Street, Sun Valley, California 91352 
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used if those functions are not available on your 
calculator: 

R p =R S +(X2/RJ 
X p =X s + (R s 2 /X s ) 

where R s = Senes resistance 

X s = Series reactance 
Rp - Parallel resistance 
Xp == Parallel reactance 



Note that the sign of the reactance is preserved in 
conversion. 

An inductive reactance is a special problem. Com¬ 
pensation of this is done by capacitive shunting so 
that the total reactance at the band center becomes 
capacitive. Some of the networks will have shunt 
inductors at the ends. This condition allows the 
physical inductor to be the parallel difference with 
stray capacitance (always present) forming C, or 
C 0 , If the end reactance changes rapidly around the 
band center, it is better to add a physical capacitor 
and use calculated inductance directly. In any case, 
end reactances must be capacitive. 

handling data from 
the spec sheet 

Transistor data is invariably given in admittance or 
S-parameters. Admittance is already in parallel form 
so the conductance and susceptance values are 
taken directly and inverted to yield end resistance 
and X, or X 0 (watch the sign of susceptance, it is 
positive when capacitive). 

S-parameters are a bit different and are found on 
Smith chart representations. These are normalized 
to 50 ohms or 0.02 mho and can be taken directly. 


T t ~ - R* (SEE TEXT IF NEGATIVE J , T I 



6 *, * "a 'O 

NETWORK 2 

fig. 2 Networks 1 and2. 



fig. 3. Networks 3 and 4. 


then un-normalized. Sn is the input impedance while 
S 22 is the output impedance; both are complex num¬ 
bers. Knowledge of Smith chart interpretation is 
required. 1 

Data in admittance or S-parameter form is invari¬ 
ably frequency sensitive. They also represent the 
average data of a production run so individual de¬ 
vices can vary. Under such conditions it is well to 
keep the design Q relatively low. There may be an 
advantage to swamping the end with a parallel re¬ 
sistance (small carbon composition resistor) to re¬ 
duce sensitivity of values. This has two cautions: 
power loss and about 2 pF extra capacitance with 
each resistor. 

examples 

Numerical examples all assume matching a 50- 
ohm line to the input of a Motorola MC1590 ampli¬ 
fier 1C (single-ended) at 7.15 MHz with a design £> of 
20. Stray capacitance of 3 pF is assumed at each 
end; the MCI590 is insensitive with a parallel, single- 
ended impedance of 5k and 5 pF. The line is assumed 
perfect. Fig. 1 constants are then: 

R,- = 50 R 0 =5000 

Q = 5pF C 0 = 8 pF 

X, =- 7419.81 X Q = -2782.43 

N = - 6.75841 10- 1 R x = 49.9977 

Qj =-148546 Qj, =- 50648.6 
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An HP-25 calculator was used for these and follow¬ 
ing calculations. 

networks 1 and 2 

These are shown in fig. 2 Variable T } is a test 
value and is also used for Networks 3 and 4. If Tj 
results in a negative, none of the first four networks 
can be used with the given constants. Design Qand/ 
or end resistances can be changed to make it posi¬ 
tive. The negative situation only comes about with 
low Ro.Rt ratios. 

For the first four, T } = 4950 so R 4 - 497.483. 
Values of Network 1 are then: 


would need a different set of equations plus meas¬ 
urement of mutual coupling. Networks 3 and 4 must 
also have separate inductors. 

Test variable T 2 cannot be negative. If T 2 is nega¬ 
tive design Q or end resistances, and possibly input 
capacitance, may have to be changed. Example con¬ 
ditions fit alright so we get: 


R 5 = 22.0617 10 9 
T 2 = 827.815 10 9 
- 274.782 
X e = 227.822 
Xj— 28. 7208 


R 4 = 64.3356 10 6 
C c ~ 81.01 pF 
L e = 5.071 \iH 
Lf— 0.639 pH 


X c = -502.135 
X d ^ -613.263 
X e ^ 999.555 


C c = 44.33 pF 
C d — 36.30 pF 
L e = 22.26 fiH 


Non-prime inductor values were correct in this ex¬ 
ample. Note that C c is the same as for Network 4. 

network 6 


Note that all reactance signs are correct. Values for 
Network 2 are: 

X c = - 497.146 C c = 44.77 pF 

X d = -605.847 C d = 36.74 pF 

X € = 250.000 L e = 5.565 \lH 

Reactance signs are correct here, too. 

networks 3 and 4 


Fig. 5 shows this to be the tuned circuit often 
found in receiver front ends. The test variable is T 3 
and there is only one set of solutions. Our example 
condition results in: 


R 5 = 2.57302 10 9 
T 3 =89 9416 10 9 
X c = -250.921 
X d = - 32.9475 
X e = 250.000 


R 4 = 21.2063 10 6 
C c ^ 88.71 pF 
C d =675.60 pF 
L e = 5.565 fiH 


Test variable T } and R 4 apply here. Both inductors 
of both networks have two possible solutions. The 
reactance sign rule still applies so both X e and Xj 
must be positive or both X' e or Xj must be positive. 
Do not mix X' e and Xj or vice-versa; use either all 
non-prime or all prime values. Network 3 will have: 

X c = — 1089.46 C c = 20. 43 pF 
X e = 425.637 L e = 9.474 pH 

Xf= 592.318 L f = 13.18 ilH 

Non-prime values obey the rules as do Network 4 
values: 

X c = — 274. 782 C c = 81. 01 pF 

X e = 497.819 L e = 11.08 fiH 

Xf= 497.853 L f = 11.08 fiH 

The inductors in Network 4 came out very close to 
the same value. This happened with this particular 
example, but is not true of other conditions. 

network 5 

This one is shown in fig. 4. It must be noted that 
the two inductors have zero coupling and must be 
physically separate. The schematic may appear to be 
a conventional tapped-inductor circuit but such 


The inductor is the same value as in Network 2. 

wideband response 

Fig. 6 shows the frequency response over a two- 
decade range for the examples given. Voltage re¬ 
sponse has been calculated with constant end resis¬ 
tances. As such, it will be the same in either direc¬ 
tion. Frequency is normalized to 7.15 MHz. 

The joker in the deck is Network 3. The extra peak 
on the high side of resonance will vary in frequency 
and relative amplitude depending on the design Q 
and end impedances. A saving grace is that Network 
3 has the best low-frequency attenuation. All net¬ 
works will vary in other applications, primarily with 
different design Q; the general shape of the response 
curve, however, will still be the same. 

Choice of a network depends on the application. A 
frequency-multiplier chain should consider Networks 
2, 5, or 6 because of their better low-frequency 
attenuation. The last stage could use Networks 1, 4, 
or 5 in the output to reduce unwanted harmonics. An 
amplifier chain such as an i-f strip could alternate 
Networks 5 and 6 between stages for best skirt 
attenuation.* 

# There are better ways; this would only be for miniature construction or 
multiple stages with degeneration of gain. 
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table V Design Q determination with fixed-value capacitors 


R X R N 

Network 1. Fixed C_: Q,= 4 c 1 

X,N 

Network 2, Fixed C d : Q 2 - <R 4 /R X ) - | R ” (X ‘> 4 

L x o x a J 

. R„R, - X 0 (X C f R,N) 


XX N 


Networks 4 and 5, Fixed C ‘ Q 4< 


R 0 R ( (X 0 f X c ) f X C X 0 R S 


impedances presented 
to the source 


rule of thumb is to add 2 pF for every resistor, using 
only carbon composition types. 

Mismatch loss will add out-of-band attenuation 
when used with receiver front ends. An exception is 
where the input impedance of the network matches 
the antenna impedance out of band. This is rare, but 
it happens. A similar condition occurs with different 
equipment connected with coax cable: the line 
length may cause a match out of band. 

non-standard component values 

A cure for non-standard component values is to 
change design Q slightly to accommodate at least 
one standard, fixed value. The other two compon- 


The impedance presented to the source can be 
easily calculated. 23 Networks 1 through 4 have varia¬ 
tions far from band center that might cause stability 
problems. Network 1 is inductive from the band cen¬ 
ter to about 20.75 MHz from the example. Parallel 
resistance climbs abruptly to about a megohm while 
parallel reactance changes swiftly to capacitive re¬ 
actance. Network 2 has a similar, less abrupt change 
at about 9.76 MHz. Network 3 is also similar with the 
changeover coinciding with the voltage response 
peak at about 24.3 MHz. 

Network 4 becomes inductive below 4.9 MHz and 
capacitive above 28 MHz, resistance peaking to 4 
megohms at that frequency. Networks 5 and 6 were 
much less susceptible to changes, and showed only 
slight variations at passband edges. All components 
were assumed lossless so a practical circuit would 
exhibit much less variation due to finite com¬ 
ponent Q. 

The swamping-resistor method with transistor col¬ 
lectors works well from 6 meters and down with 
ft of 150 MHz or greater. This increases a normally 
low-collector conductance but does have some 
power loss. A swamping resistor can also be used at 
the load since load changes reflect to the source. A 
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NETWORK 6 

fig. 5. Network 6. 

ents can be trimmable. Table 1 is a tabulation of 
design Q for Networks 1 through 5 based on one 
specified reactance. 

Our example for Network 2 gives a C d value of 
36.74 pF. A 39 pF mica is a standard value with a 
reactance of -570.755 ohms at 7.15 MHz. This X d 
value is used and gives a design Qof 20.5074. The X r 
of Network 2 is unaffected by Q but X e changes to 
243.814 ohms or 5.427/iH. 

Network 6 is a bit difficult to solve for Q but it can 
be done by programming an HP-25 or similar calcula¬ 
tor to solve either X c or X d with manual Q input. An 
approximation that works in some cases is: 


r 2 - *3 " *qX, 2 (SEE TEXT IE NEGATIVE) 


Qj> = (R 0 + RJ'Xc 



NETWORK 5 


- n 0 x 0 x, 

R 0 X t + X 0 Q; 


x e = (X { /* 5 HR 0 Q, + VofA 


xj » (Xj /R S )(R 0 Qj ~ I 




R o*i *i 
R 4 * ff 0 


■VcrA 
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fig. 4. Network 5. 


The Network 6 example had C c at 88.71 pF. A fixed 
82 pF capacitor will have -271.456 ohms so the 
approximate Q is 18.6034. Recalculating with Q 
gives; 

X c =-272.564 C c ^81.67pF (close!) 

X 4 = -37 0998 C d = 599. 99 pF 
X e = 268. 768 L e = 5.983 

C c is within 0.4 per cent of desired value so it 
should work well. 
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Usual tolerances of fixed components are only 5 
per cent. This will have little effect on matching 
when the other two components are trimmable. 
Lower design Q will show less sensitivity to toler¬ 
ances. 

applications and variations 

Some situations cannot be met with given end 
resistances. This can sometimes be cured by using 



normalized frequency 

fig. 6. Frequency response of the six networks with the 
band center normalized to 7.15 MHz. 

a broadband toroidal transformer. 9 Impedance 
changes of up to 16:1 are possible. Remember that 
parallel reactance is also changed by the same ratio 
in this application. 

Good bypassing in active-device applications can¬ 
not be over-emphasized. A poor bypass and decoup¬ 
ling not only cause trouble between stages but also 
become networks. Resonance of bypass capacitors 
with lead length is common at higher frequencies; 
one cure is to double up several lower-capacitance 
bypasses. Short lead lengths and a large ground 
plane should always be used. 

An interesting application is the replacement of 
the preselector tuning used in 1960-era receivers 
such as the Heath SB-300 series. These all have one 
band per bandswitch position so the front end can 
be stagger-tuned over the desired portion of the 
band. Fixed capacitors replace the variable and Net¬ 
works 5 or 6 can be used at the antenna input. The 
Heath design has enough room to add a couple of 
bandswitch wafers to allow selection of other match¬ 
ing networks for other antennas such as a long- 
wire. The variable capacitor can be retained, in¬ 
sulated, and used as part of a Wien-bridge audio 
notch filter. 


Antenna networks used in receivers should have a 
dc path to ground such as in Network 5. This avoids 
static build-up during electrical storms and potential 
arcing. 

other networks 

End impedance frequency sensitivity may require 
simpler networks. An excellent treatment of L- 
networks is found in the first reference along with 
proper use of the Smith chart. Tabulated values are 
available 4 - 5 and theoretical aspects can be found in 
texts. 6 

Application of transistor amplifiers and matching 
is well covered in reference 7. Access to a computer 
that speaks FORTRAN can use the program of refer¬ 
ence 8 to calculate other networks and also deter¬ 
mine amplifier stability. 
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overtone crystal oscillators 


without inductors 

A discussion of 
overtone crystal 
oscillator circuits 
which don’t 
require inductors 

Until recently, all of the circuits for overtone crys¬ 
tal oscillators I've seen have included tuned LC cir¬ 
cuits. It seemed necessary to have an LC resonator, 
tuned to the desired overtone frequency, to be sure 
the oscillator would operate at the proper overtone 
frequency and prevent operation at the crystal's 
fundamental frequency or some undesired overtone. 
It would be nice if the LC tuned circuit could be 
eliminated, of course, because it would simplify 
bandswitching of the crystal oscillator. 

International Crystal has introduced a crystal os¬ 
cillator circuit called the OF-1. Although the OF-1 
circuit has no inductor, and thus no LC tuned circuit, 
it can be used with crystals operating in the third- 



overtone mode. I found this quite interesting and 
did some relevant experimenting to satisfy my curio¬ 
sity. My efforts are documented here for others who 
may share this interest. 

the circuit 

International Crystal supplies two different kits of 
the OF-1 type. The OF-1 LO uses crystals operating 
in the fundamental mode from 2 to 22 MHz; fig. 1 is 
a schematic of the circuit. The OF-1 HI uses crystals 



fig. 2. International Crystal OF-1 HI oscillator circuit for 
third-overtone crystals; note that no inductors are required. 


operating in the third-overtone mode from 18 to 60 
MHz; fig. 2 is a schematic of the OF-1 HI. Notice 
that in the latter circuit capacitor C3 has been omit¬ 
ted; in the overtone mode, the crystal operates near 
series resonance. 

I breadboarded and tested both of these circuits 
using a 2N4996 transistor. The crystal I used in all 
of my tests was a 28.3 MHz third-overtone type orig¬ 
inally purchased for use in International Crystal's 
older OX oscillator circuit (which has an inductor}. 
Using this crystal, the circuit of fig. 1 had an output 
frequency at the crystal's fundamental, or about 
9.43 MHz. The circuit in fig. 2 produced the third- 
overtone frequency of 28.3 MHz when the smaller 
values shown for Cl and C2 were used; using the lar¬ 
ger values for Cl and C2 given in fig. 2 produced 
oscillation at the fundamental frequency of 
9.43 MHz. 


fig. 1. International Crystal OF 1 LO oscillator circuit for fun 
damental-mode crystals. 


By Courtney Hall. WA5SNZ. 7716 La Verdura 
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fig. 3. Third-overtone crystal oscillator which uses a 74S00 Schottky TTL gate; no inductors are required. 


TTL version 

To obtain increased output amplitude I developed 
the circuit shown in fig. 3. The 74S00 quad NAND 
gate acts as both oscillator and output buffer. One of 
the gates in the 1C is unused. A 74S00 is required be¬ 
cause of the relatively high frequency; I don't believe 
the 7400, 74LS00, or 74H00 will work as well, if at 
all, at 28.3 MHz. 

All wiring should be as short as possible, and the 
circuit should be shielded. The peakto-peak output 
amplitude swings from about 0.4 to 3.5 volts, which 
are acceptable TTL levels. If the capacitor which 
couples the first two gates together (30 pF in fig. 3) 


is too large (1000 pF), the circuit's output frequency 
will drop down to the crystal's fundamental. Some 
experimentation with the value of this capacitor may 
be required for different crystals. 

conclusion 

The simplicity of these overtone crystal oscillators 
could make them desirable in many applications. I 
have not had the opportunity to investigate them to 
the degree I would like; therefore, I would welcome 
comments from interested readers on this type of 
overtone oscillator circuit. 

ham radio 


simple method for making printed-circuit boards 


I have developed a method of making printed- 
circuit boards that, while not professional in appear¬ 
ance, work well and beat the mess that results from 
using wire-wrap sockets and soldering them in place. 

I use paint (enamel) in a K&E Leroy pen, inserted 
in a hole of a test probe. When using paint, do not 
use the insert for the pen, which is used to prevent 
the ink from running through. The paint is not 
thinned but just as it comes from the can; the result 
is a slow writing paint pen. I have found that a no. 2 
or no, 3 Leroy pen is just about right. Cleaning is easy 
with pipe cleaners and paint thinner. I use an inking 
pen with paint for the long straight lines, and a small 
brush for the large areas. 

To make a PC board, place the copper board under 
the layout, secure it so it won't slip, then use a sharp 
instrument such as a scribe and punch a prick hole 
through each place where there is a dot, or where 
there will be a hole. This gives the spacing you'll 
need to draw (free hand) the circuit on the board. 
After you have completed the hole punching (not 


through the board), remove the layout. Note that this 
does not destroy your layout. Now you can fill your 
pen and draw the circuit on the copper board. 

I recommend you practice with simple circuits 
before you jump into a complex layout. After the 
paint has dried naturally or in an oven heated to 150 
to 160 degrees, check to see that your layout is as 
you want it. If two lines are touching, the scribe will 
allow you to make a fine line between them. 

I have tried two types of etching solutions; ferric 
chloride and an etch solution from Vector Elec¬ 
tronics. The paint stood up well in both. First I tried 
two types of paint, Sears acrylic enamel, and Ace 
Hardware quick-drying black enamel. There was no 
apparent difference. 

Drilling the board can be done before painting the 
circuit or after etching. The little prick marks show 
you exactly where the hole belongs. Removing the 
paint after etching is done with trichloroethane or 
other solvent that will not contaminate the board. 

Robert H. Kernen, W4MTD 
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repeater interference: 


some corrective 
actions 

Suggestions for 
repeater associations 
to minimize 
the ever-increasing 
interference problem 

Our local repeater, WR4ADC, operating on the 
146.34/146.94 pair, has been experiencing in¬ 
terference on both the input and output frequencies. 
This article covers the technical corrective actions 
which have been considered for this interference. 
Some of these are now being used or are being in¬ 
stalled for future use. 

input channel anti-interference 
measures — lockout 

Since repeaters operate on a fixed-frequency plan, 
one method of avoiding unnecessary call-up is to use 
a repeater lockout signal on transmissions not in¬ 
tended for repeaters. Technically, as in fig. 1, this 
would be simple. An NE-555 subaudible oscillator 
producing a small deviation would be required at the 
non-using transmitters. The repeater input receiver 
would need a tone detector and a relay contact in 
series with the carrier-operated relay (COR) to block 
operation when the tone is received. 

While technically simple, this method of input in¬ 
terference prevention requires cooperation by the in¬ 
terfering stations. Lacking this, it is completely inef¬ 
fective. It does seem to be a useful approach and 
could be adopted as a national standard. If done, the 
standard should include designation of the lockout 
tone frequency and of the deviation it produces. 

While the lockout tone is not currently a useful 
technique, there are several technical anti-inter¬ 
ference approaches available based on the character¬ 
istics of interfering signals. One of the most common 
of these is the frequency window, fig. 2, which locks 


out transmission if the incoming signal is appreciably 
off frequency. While this is usually done to avoid 
excessive distortion, it is a powerful antiinterference 
method. In its simplest form, it may be a Schmidt 
trigger on the dc voltage at the discriminator, set to 
the value corresponding to the selected value of 
allowable frequency error, with the trigger inter¬ 
rupting the COR. Some filtering, on the order of a 
tenth-second time constant, is needed. 

signal characteristic measures 

Other anti-interference measures based on the 
characteristics of interfering signals include: 

1. a-m rejection 

2. Wideband fm rejection 

3. Non-voice modulation rejection 

The purpose of a-m rejection, fig. 3, is to prevent 
operation of the repeater COR by an a-m carrier. In 
simple form this requires a pickoff from the receiver 
ahead of the limiters, feeding to an agc-controlled 
stage and an a-m detector. The lockout circuit would 
require presence of carrier in the fm section and in 
the a-m section, plus presence of a-m exceeding 
some percentage, say around 25 per cent. Some pro¬ 
tection against noise pulses or unmodulated pauses 
would probably be required, at least several seconds 
time constant of filtering. 

Rejection of wideband fm, fig. 4, would require a 
wideband receiver, and a form of detection of the 
out-of-band energy component. A simple form 
would be to compare audio levels of the narrow and 
wideband discriminator outputs: if they approach 
equality, the incoming signal would be wideband. 
Another wideband modulation detector would beat 
the limiter output against a local oscillator, followed 
by a highpass filter. The filter cutoff frequency would 
be set to the desired peak deviation. 

A lockout system based on the absence of voice 
modulation, fig. 5, would be a powerful anti-interfer¬ 
ence technique. In principle, this is relatively simple 
— just measure the ratio of peak-to-average power in 
the audio. The ratio varies from 3 dB for pure sine 
waves, to 13 dB for noise, and to about 16 dB for 
voice. Noise-operated squelch makes the distinction 
between the last two easy. 

However, in current fm practice, the approach is 
not this simple, since most fm transmitters use a 

By R. P. Haviland, W4MB, 2100 South Nova 
Road, Box 45, Daytona Beach, Florida 32019 
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limiter to keep the deviation high, and this reduces 
the peak-to-average ratio. Because of this, a peak-to- 
average detector would have to be set to a lower 
ratio. About 6 dB, or 2: t in voltage, with a time cons¬ 
tant of about one-tenth second should be good and 
would provide appreciable protection against non¬ 
voice signals. 

wanted signal anti¬ 
interference measures 

All of the above anti-interference measures are 
based on some characteristic of the unwanted signal. 
The other family of input frequency measures is 
based on characteristics of wanted signal. The two 
standard forms of this, fig. 6, are the subaudible 
tone, or private line, required continuously for ac¬ 
cess; and whistle-on, a single tone or a Touch-Tone 
signal givinrg access. Access may be for a definite 
time period or until the COR is dropped for a time 
period. Various other forms have been used, includ¬ 
ing carrier-formed Morse and two-band inter¬ 
rogation. 


REPEATER 



fig. 1. Elements of the repeater lockout system. 


Most of these methods have the disadvantage of 
requiring additions to the using transmitter. This is 
not a severe problem for closed repeaters, where the 
number of users is small, but represents a serious 
drawback for open repeaters, especially those on the 
common frequencies or close to holiday areas or 
heavily traveled routes. 

One method of partially overcoming this objection 
is to operate the repeater with carrier access only 
during no interference periods, and to switch to one 
of the other access methods when interference is ex¬ 
perienced. This switch could be coupled with voice 
announcement on the identifier, giving instructions 
as to access method. A Touch-Tone access is proba¬ 
bly best since such pads are common and since the 
signal should never be used in normal communica¬ 
tion, except for signaling. 

It would seem that this method would give good 
protection against incidental interference. Willful in¬ 
terference is another matter, since operation in ac- 



fig. 2, Elements of the frequency window, which locks out 
transmission if the incoming signal is appreciably off fre¬ 
quency. 

cordance with the announcement instructions would 
turn the repeater on. However, malicious intent 
would seem to be proven if interference continues. 

output channel anti-interference 
measures — channel guards 

Repeaters also cause interference, and some tech¬ 
nique of guarding against the interference they cause 
may be desirable. Probably the best method of doing 
this is to guard the output channel, fig. 7, holding re¬ 
peater operation in abeyance if the channel signal ex¬ 
ceeds some predetermined value. To account for 
emergency operation, this guard could be combined 
with a timer identification announcement, giving in¬ 
structions on the procedure to override the lockout. 

The setting of the guard receiver would need to be 
based on a value of "signal to be protected," and a 
margin, or "protection ratio." These are common 
concepts in other radio services, but they have not 
been used in amateur operations. As a result, there 
are no accepted values for these quantities. 

The closest other service is the Mobile Service, 
which includes land mobile. Since this was the 
source of many 2-meter repeater concepts and 
equipment, it should provide good guidance. 


RECEIVER 



fig. 3. Principle of a-m lockout, which prevents operation of 
the repeater COR by an a-m carrier. 
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fig. 4. Principle of wideband fm lockout, which would re¬ 
quire a wideband receiver and a form of detecting the out- 
of-band energy component. 


The International Consultative Committee (CCIR) 
data which relates to this matter is in their Report 
358. This report states that, not considering the ef¬ 
fects of natural or man-made noise, the median sig¬ 
nal levels to be protected for an average grade of mo¬ 
bile service are: 

band signal 

(MHz) {dB above 1 M V/m) 

30-50 8 

50-100 14 

100-200 20 

400-470 28 

The report also states that the protection ratio, based 
on degradation from 20 dB S/N to 14 dB S/I, should 
be 8 dB for fm with fm interference, or 7 dB for fm 
with a-m interference. The report lists other ratios, 
but it has not been necessary to consider these, since 
the 2-meter National plan is based on narrow- 
band fm. 

The 1971 Special Joint Meeting of the CCIR gives 
the following noise values: 

typical urban noise, 150 MHz, + 35 dB (KTB) 
typical rural noise, 150 MHz, + 3 dB (KTB) 
maximum cosmic noise, 150 MHz, + 8 dB (KTB) 

These figures are based on omnidirectional 
antennas. 

Many repeaters are located in urban areas and will 
see full urban noise levels; others are remotely locat¬ 
ed and will see less noise. Assume that the cosmic 
value, 8 dB, represents typical noise. Then the value 
of signal to be protected becomes 20 + 8 or 28 dB 
above 1 /A//m — about 25 ;A//m. (This signal would 
give 20 dB output signal/noise in the average mobile 
installation and in a typical location.) The allowable 
value of interference that would give protection for 
this signal is 28-8, or 20 dB above 1 /A//m — just 10 
jA//m. (Presence of the interference would reduce 
the20dB S/N to 14dB S/I.) 


It is easy to see the effect of this protection level if 
the values are translated to power and distance rela¬ 
tionships. For average terrain, the effective radiated 
transmitter power to just reach the 10 /iV/m signal, 
as a function of distance from the repeater, is ap¬ 
proximately: 

transmitter antenna height 




100 ft (30m) 

30 ft (9m) 

10 ft (3m) 



or more 


or less 

distance 

transmitter 

transmitter 

transmitter 

km 

(miles) 

power (W) 

power (W) 

power (W) 

10 

6.2 

0.02 

0.3 

3.0 

15 

9.3 

0.5 

3.0 

31.0 

20 

12.4 

1.0 

6.0 

60.0 

30 

18.6 

8.0 

50.0 

500.0 

50 

31.0 

100.0 

500.0 

5000.0 

100 

62.1 

3000.0 

8000.0 

— 


The ERP is the product of the transmitter output and 
the antenna gain multiplied by 2.5 (to include the ef¬ 
fect of ground reflection). 

Stated another way, the 10-microvolt signal would 
be produced by a typical mobile at about 8 miles 
(13km) distance, by a typical base station at about 18 
miles (29km), or by a DX station about 90 miles 
(144km) away and beaming toward the repeater. The 
signal would be the same as that of another typical 
repeater if it were some 50 miles (80km) away. 

These values indicate that output channel guard¬ 
ing to the 10 fiV level would not eliminate all interfer¬ 
ence. However, it would prevent interference to sim¬ 
plex operation within reasonable distances, to the 
point that any resulting interference would hardly be 
considered harmful. Accordingly it would appear 
that repeater associations wishing to minimize inter¬ 
ference problems should consider this approach. 

Construction of an automatic protection system 
should not be difficult. The output-channel monitor- 
receiver antenna could be mounted on the repeater 
tower at a height of 30 feet (9m). (This level is used 
because the height gain is zero.) Assuming use of a 



fig. 5. The non-voice lockout principle. Comparator meas¬ 
ures peak-to-average power ratio in the audio, which varies 
from 3 dB for pure sine waves to about 16 dB for voice. 
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fig. 6. Elements of the tone-access system, which is based 
on characteristics of the wanted, rather than the interfer¬ 
ing. signal. 


dipole, its captive area is 0.54 rn 2 (free space), or 1.35 
m 2 over average ground. A signal of 10 fA //m + 10 dB 
above IV corresponds to a flux level of - 136 dB 
W/m 2 , so the antenna captures about - 133 dB rela¬ 
tive to 1 watt. Assuming 3 dB line loss, this becomes 
- 136 dBW at the receiver input, or about 0.2 
microvolt. 

Setting the squelch to operate at this signal level 
would allow use of the squelch circuit to produce the 
protect control signal. Suitable timers and desensi¬ 
tize circuits would have to be included. A five-minute 
delay after detection of the channel-occupied signal 
might be used. A voice announcement could be in¬ 
cluded to the effect that the output channel is occu¬ 
pied. Emergency over-ride instructions could also be 
included. 

auto-QSY 

Probably the most important HF method of inter¬ 
ference control is to QSV. This is not really practical 
in repeater operation. However, there is a partial step 
which seems possible, fig. 8, and one which would 
make QSY for the station on the repeater output 
channel easier. This is to shift the repeater output 
frequency by a small amount; 5 kHz would seem to 
be suitable. 


receive: transmit 

ANTENNA ANTENNA 



fig. 7. The output-frequency guard receiver principle, in 
which repeater operation is locked out if the channel signal 
exceeds some predetermined value. 


A limited number of tests with this method indi¬ 
cate that the effect on normal repeater operation 
would be negligible — a small increase in distortion 
and a small decrease in range. With no other action, 
the effect on the other station on the channel would 
also be small. However, if the other station would 
also QSY by the same amount, but in the opposite 
direction, he would escape the interference com¬ 
pletely. At the same time his operation would be af¬ 
fected only by a small amount. For the repeater users 
and the other stations involved, nearly full operation 
could be restored by retuning. 

The signal for this scheme can be generated by the 
circuitry used for transmit lockout. (If desired, the 
channel-occupied receiver could be widened out a bit 
to give better detection of these slightly offset 
signals.) 


RECEIVE TRANSMIT 

ANTENNA ANTENNA 



fig. 8. Principle of channel-occupied QSY method, which 
would make it worthwhile for the station on the repeater 
output to change frequency slightly. 


It may be noted that this offset method is used in 
vhf television to reduce co-channel interference and 
to allow closer station spacings. It is a powerful anti¬ 
interference technique. 

A number of other anti-interference measures 
have been considered with respect to WR4ADC in¬ 
terference problems. The other technical ones con¬ 
sidered did not seem attractive and so are not report¬ 
ed. There were several operational ones of value, and 
these have been discussed along with the technical 
solutions above. 

With increasing numbers of amateurs on the air, 
and especially with the continued expansion of re¬ 
peater operation, interference is going to increase. It 
seems to be time for the repeater associations to 
consider the steps that should be taken to minimize 
those interference problems. This should include rec¬ 
ommendation of standard techniques and of protec¬ 
tion ratios. 

ham radio 
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testing power tubes 

Several months ago a reader of this column wrote 
me asking the question, "How do you test rf power 
tubes?" Not long afterward a close friend of mine, 
about to build a linear amplifier for 80 through 10 
meters, bought a box full of used 4X150 power tet¬ 
rodes at a hamfest. After building the amplifier he 
found that none of the tubes were good and that he 
would have been better off using another type of 
tube from his collection that was known to be good. 
He naturally wanted to know if there was a better 
way available to amateurs than testing by trying. 

In my work, medical electronic servicing, we repair 
electrosurgical generators, which are rf power oscil 
lators that produce up to several hundred watts in 
the 500-2500-kHz range. Some old but still perfectly 
good electrosurgical generators use the type UXCV* 
11 power triodes in a push-pull pair. These tubes cost 
abou t $120 each ($240 per pair!) unless you are clever 
enough to know about United Electronics in Newark, 
New Jersey. The cost makes stocking a number 



Final project built by the author for testing high power 
vacuum tubes. 


large enough to permit routine testing by substitution 
too costly — especially in a shop with a limited 
budget. Again, there "has to be a better way!" 

Three times within the past six months people and 
situations have forced the issue of testing transmit¬ 
ting tubes, so perhaps it is time that we covered that 
point in this column. But before we answer the ques¬ 
tion posed originally, let's recap a little about elemen¬ 
tary vacuum tubes. 

A vacuum tube consists of an electron emitter 
called a cathode, several grids, and an electron col¬ 
lector called either a plate or an anode. The cathode 
can be either an incandescent filament, or an indi¬ 
rectly heated metal cylinder that has a heated fila¬ 
ment at its center. The plate surrounds the cathode 
but is insulated from it. The various grids are placed 
in the space between the cathode and the plate. 

The plate will have an electrical potential that is 
positive with respect to the cathode. Grid no. 1, the 
control grid , is given a negative potential with 
respect to the cathode so it can control the flow of 
electrons between cathode and plate. The second 
grid is called the screen grid or accelerator grid and is 
given a positive potential with respect to the cath¬ 
ode. The third grid, that nearest the plate (G3), is 
called the suppressor grid and may be either biased 
negative with respect to the cathode or (more com¬ 
monly) tied directly to the cathode either internally or 
externally, as shown in fig. 1. 

Variations in the grid voltage will produce varia¬ 
tions in the plate current, which by Ohm's law, 
become variations in the voltage drop across the load 
resistor, R L . 

Several vacuum tube parameters are of interest 
when trying to ascertain overall quality. These are: 
amplification factor (mu or /*), plate resistance {Rp 
from the spec sheet or data book), and the transcon¬ 
ductance (gm). 

The amplification factor is defined as the change in 
output voltage caused by a given change in grid no. 1 
(input) voltage. In fact, the amplification factor of 
any amplifying device can be given by: 

a m plifica t in n — . (1) 

Efji 

But for vacuum tubes specifically we can use the 
notation: 

H = ( 2 ) 

AE, 


where: 

AEb is the change in plate voltage 
AE C is the change in plate current 

The transconductance rating relates a change in 
plate current Up) for a small change in grid voltage, 
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with the plate voftage held constant. In other words: 





Efr = constant 


where: 

Up is the change in plate current 
expressed in amperes 


(3) 


A E e is the small change in grid bias 
voltage expressed in volts 

gm is the transconductance 
expressed in mhos 


This relationship will lead us to a method for testing 
tubes easily and quickly. 

tube tester configurations 

Fig. 2 shows the basic circuit for a short-circuit 
tester. This will give only limited information but is 
useful when screening a large number of hamfest 
specials. Why perform a more time-consuming test 
on a tube that has a high resistance short between 
the filament and cathode, for example? 

The tester circuit is nothing more than a series of 
several continuity testers arranged to ascertain the 
existence of any resistance paths between adjacent 
elements. Each continuity tester consists of a low- 
current filament transformer ( i.e rated at less than 1 
ampere) and a compatible lamp. I was tempted to 
specify the use of light emitting diodes instead of 
lamps but was quickly persuaded to use lamps be¬ 
cause the LEDs made the device too sensitive. This 
problem causes apparent shorts, when all we are 
reading is electrons flowing from the heated filament 
to the electrode on half cycles when the ac is posi¬ 
tive-going. 

It is best to test for shorts after allowing the tube to 
warm up for a few minutes. Some shorts do not be- 





fig. 1. Fundamental vacuum-tube circuit. 


come apparent until after the tube has reached oper¬ 
ating temperature. This is also the reason why the 
use of an ohmmeter is not recommended in 
this case. 

The simplest tester circuit that gives us a qualita¬ 
tive insight into the worth of any given tube is the 
emission tester of fig. 3. This circuit tests the tube 
for the emission of electrons from the cathode. No¬ 
tice that the tube is connected in a diode configura- 



fig. 2. Short-circuit tester. 


tion in which all elements except the cathode and 
filaments are connected to the plate. 

The tube in a circuit such as fig. 3 acts very much 
like the classic diode. The emission current is defined 
as the saturation current of the tube. If the plate volt¬ 
age is increased from near zero, we find that the 
plate current will also increase in a nearly linear man¬ 
ner (except at very low plate potentials). But once a 
certain critical plate voltage is reached, we find that 
the plate will attract all the electrons that the cathode 
produces. Any further increase in plate voltage will 
produce very little, if any, increase in plate current. 
The current level at which this occurs is the satura¬ 
tion or emission current.* 

The emission-type tube tester checks for this cur¬ 
rent, and if the current is low, it will indicate "reject." 
Some tubes cannot be tested at the actual saturation 
current either because it is inconvenient to do so, or 
because the current is too high and may damage the 
tube. These tubes are tested at a specific plate po¬ 
tential, at which a given current is expected. If the 
tube will not produce at least a certain predetermined 
percentage of that current (usually 80 to 90 per cent), 
then it is rejected. The emission tester can spot a 
grossly bad tube, but there are certain problems with 

* An interesting variation of the emission tester, which does not require high 
voltage but uses a low-voltage bias source, is described in reference 1. 

editor. 
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fig. 3. Circuit for simple emission-type tube tester. 


this type. Note that most drug store tube testers are 
emission types. 

Defects that will prevent the tube from operating 
normally will not always show up on a simple emis¬ 
sion tester, so some better means is necessary. The 
type of tester preferred by most professional servic¬ 
ers is the mutual conductance or transconductance 
tester. Examples of this type of circuit are given in 
fig. 4. The circuit shown in fig. 4A is a static trans¬ 
conductance tester using the grid-shift method, also 
called grid-level shift. 

Switch SI iis in position 1 at the beginning of the 
test, making grid voltage E c equal to E2 alone. Both 
El and £2 are adjusted to produce a convenient 
(safe!) plate current. It is usually wiser to begin with 
the plate voltage {El) at some level well within the 
range that can be tolerated by the particular tube be¬ 
ing tested, and have the grid voltage at some value in 
excess of cutoff for that tube. This may be unneces¬ 
sary much of the time but could save you some grief 
often enough to make it a good standard practice. 
You may then adjust the grid voltage downward until 
the plate current is at a convenient level. When this 
adjustment is completed, make a note of the values 
of E b , Ip, and E c . 

To perform the test, place switch SI in position 2. 
This operation makes grid voltage E c equal to 
(E2 + E3). The plate voltage is then measured and the 
supply readjusted if a change has been noted. The 
plate voltage at this point must be equal to the plate 
voltage that existed initially. 

Now read the plate current, and find the difference 
between this reading and the initial reading. Plug the 
difference current into the formula: 


where: 


gm = 


1.5 


(4) 


AI p is in amperes 
gin is in mhos 


This answer is given in mhos, but most vacuum 
tube spec sheets list the transconductance in micro¬ 
mhos. 1 mho= 1-million ^mhos, so multiply the 
answer by 10 6 . 

A dynamic transconductance tube tester is shown 
in fig. 4B. This circuit is the basis for most commer¬ 
cial tube testers. A low voltage ac transformer is con¬ 
nected in series with the grid bias power supply, so 
that the transformer secondary voltage forms the 
" defta~E c ." Actual transconductance is measured on 
the plate ac milliammeter, which is calibrated in units 
of conductance. 

Fig. 5 and the photo show a test jig I built to test 
power tubes at work. It will serve equally well for 
amateurs. The circuit is the simple grid-shift method 
for finding the transconductance of the tube being 
tested. Note that it is not a real tube tester construc¬ 
tion project because it lacks power supplies. Almost 
all amateurs can jury-rig adequate power supplies to 
make this test or can borrow bench supplies. Note 
also that it is not strictly necessary to use the full op¬ 
erating voltage of the tube to obtain meaningful 
results. 

Please, be very careful when using this jig; high 
voltages will be exposed! If there is any doubt, place 
the tube socket subassembly inside an insulated or 
grounded metal enclosure. I may seem to harp on 



MILUAMMtTZ* 



fig. 4. Static transconductance tester. A, and dynam¬ 
ic transconductance tester, B. 
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safety an awful lot, but it is so very important. Recall 
the note on one of my past articles which pointed out 
that an editor almost canned himself while working 
on a 4000-volt final amplifier power supply. 

The test jig is built in two main parts, a main as¬ 
sembly and a tube-socket subassembly. A multicon¬ 
ductor cable connects the two parts of the jig. This 
design was selected so that the same mainframe can 
be used to accommodate a larger number of different 
tube types. 

Jacks J1-J8 are heavy duty banana-jack binding 
posts, while J9/P1 are a mating pair of multipin con¬ 
nectors such as the circular MS or AN series. I used a 
high-voltage power supply that delivered 500 Vdc, 
but if greater potentials are needed (I doubt that they 
will) it would be wise to change J1 ~J4 to high-voltage 
chassis connectors. 

Meter Ml is an appropriate high-voltage meter, al¬ 
though in my case a voltmeter was made from a suit¬ 
able multiplier resistor (a pot and a fixed resistor) and 
an available 0-50/iA meter movement. Meter M2 is a 
dc voltmeter with a range suitable for the range of 
grid voltages expected. 

Resistors R1-R3 were selected so that varying R2 
produced approximately 1 volt of grid voltage 
change. R1 is used to allow precision trimming of 
that change. In my case, £' was 25 Vdc, but if your 
voltage is different, use the normal voltage divider 
equation to find appropriate resistor values. 

Resistor R4 is made approximately equal to the 
plate resistance of the tube being tested, which in 
this case was about 3000 ohms. 

I used an external plate current milliammeter 



fig. 5. Schematic for a practical static (grid-shift) 
transconductance tube tester. 


table 1. Transconductance measurements of type UXCV-11 
tubes made by the author on the test jig shown in fig. 5. 


bad 

A E c 


9m 

tubes 

(volts) 

(amps) 

(micromhos) 

1 

1 

0.0013 

1300 

2 

1 

0.0015 

1500 

3 

1 

0.0014 

1400 

good 




tubes 




1 

1 

0.0045 

4500 

2 

1 

0,0039 

3900 

3 

1 

0 0043 

4300 


because there was a digital multimeter available that 
would measure current very accurately. 

Table 1 lists the values of transconductance ac¬ 
tually measured for both known good and known 
bad tubes. The UXCV-11 has a mu of 14 and a plate 
resistance of 3220 ohms. The spec sheet does not 
give the transconductance, but we may compute 
it from: 


gm * 0.00435 mhos 
gm » 4350 timhos 


(Note that all the bad tubes had grossly lowered gm 
readings.) 

This tester is not "scientifically" designed but is in¬ 
tended to allow amateurs to test power tubes on an 
occasional basis. Its saving grace is that it can be 
built inexpensively! Note that I defined "bad tube" 
by saving from my own work those tubes that had 
been found to produce customer complaints similar 
to, "It seems to work, but has low output." These 
observations were confirmed by an rf ammeter in 
series with my 500-ohm (not 50-ohm; these were 
medical rf generators) dummy load. The real value of 
this tester is that it will allow you to test hamfest 
specials or perform preventive maintenance on your 
equipment. Of course, if you have an rf power meter 
or rf ammeter in your feedline, then a low-power out¬ 
put coupled with seemingly normal drive will point 
the finger to the final amplifier tubes. But the 
thought of that poor guy building an entire linear 
amplifier around a whole box full of bad tubes seems 
to justify doing a little testing — at five minutes per 
tube, how could he have gone wrong? 


references 
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microcomputer interfacing: 
interfacing a 10-bit DAC 

A Digital-to-Analog Converter or DAC is an elec¬ 
tronic device that converts digital signals into analog 
signals. A typical converter consists of an arrange* 
ment of "weighted" resistors, each controlled by a 
single bit of input data, that develops varying output 
analog voltages or currents in accordance with the 
digital input code. 1 You could use a DAC to provide a 
small analog error signal from a microcomputer used 
in a feedback circuit, to convert a sequence of bytes 
in memory into analogous-time data and thus simu 
late the output from an analog instrument such as a 
rotator control box for tracking OSCAR; to provide 
analog data for the two channels of an x-y recorder, 
or in general, to operate any device that requires an 
analog voltage or current and is interfaced to a digital 
device, such as a microcomputer. 

For a general discussion of the principles of ana¬ 
log/digital conversion, you should read the excellent 


Reprinted wilh permission from American Laboratory, 
February, 1977, copyright International Scientific Com¬ 
munications. Inc., Fairfield, Connecticut. 1977. 


By Peter R. Rony, Jonathan A. Titus, 
Christopher Titus, and David G. Larsen, 
WB4HYJ 

Mr, Larsen, Department of Chemistry, and Dr. Rony, Department 
of Chemical Engineering are with the Virginia Polytechnic Institute 
and State University, Blacksburg, Virginia, Mr. Jonathan Titus, 
and Dr. Christopher Titus are wilh Tychori, Inc., Blacksburg, 
Virginia- 


Analog Devices conversion handbook 1 or the series 
of small pamphlets distributed by National Semicon¬ 
ductor Corporation. 2 Important terms and concepts 
associated with DACs include resolution, accuracy, 
scale error, gain error, offset error, linearity, differen¬ 
tial linearity, settling time, slew rate, overshoot and 
glitches, temperature coefficient, supply rejection, 
conversion rate, and output drive capability. A few of 
the terms have been summarized in table 1. 

To help understand how you'd interface a DAC to 
an 8-bit microcomputer, fig. 1 shows the connec¬ 
tions between an Analog Device AD7522 and an 
8080A-based microcomputer. An important feature 
of this specific DAC is the fact that it is double buff¬ 
ered; this means that there exist within the device 


The DAC Outboard circuit board contains all the circuitry 
shown in fig. 1. A copy of the board layout is available from 
the authors. 
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two independent 10-bit registers, the DAC register 
and the two-bit and eight-bit shift registers (fig. 2). 

A DAC is an output device for a microcomputer, 
and thus data is strobed from the microcomputer 
data bus into the internal registers or latches, of the 
DAC. In fig- i, are shown the connections to the 
8-bit bidirectional data bus, D0 through D7, the 
8080A control signals OUT or MEMW, which are 
used with accumulator I/O or memory I/O data 
transfers, 3 and the channel select outputs 003 
through 005 that are generated by a decoder tied to 
the microcomputer address bus. 4 

Since the AD7522 is a 10-bit DAC, it is not possible 
to simultaneously load all ten bits from an 8-bit 
microcomputer. The sequence that actually occurs 
can be summarized as: 

1. The DAC input bits DB0 through DB7 are first 
strobed into the 8-bit shift register/latch using a 
positive device select pulse applied at pin 24, (LBS 
or Low Byte Strobe). 

2. The most significant two bits, DB8 and DB9, 
are then strobed into the 2-bit shift register via the 
use of a device select pulse applied at pin 25 (HBS 
or High Byte Strobe). 

3. Finally, a device select pulse applied at pin 22 
(LDAC or Load DAC) transfers the ten bits of in¬ 
put data, DB0 through DB9, into the second buff¬ 
er within the DAC chip, the DAC register. 


V CC V DD DQND VREF AQNO 



fig. 2. Functional diagram of the AD7522 1C. This figure is 
courtesy of Analog Devices 


The output current appears at IOUT1 and IOUT2 
and is converted into a voltage with the aid of a 741 
operational amplifier. The two most significant bits 
are loaded from the eight-bit microcomputer bus 
using any two bits. Generally bits D0 and D1 are cho¬ 
sen since it makes data formatting easier. Thus, the 
ten bits are transferred as eight bits D0 to D7 and as 
two additional bits, D0 and D1. 

A simple program that exercises the DAC over its 
full operating range is provided in table 2. The pro¬ 
gram generates a slow linear ramp at the analog out- 



OUT OR MEMW 


V 0UT 
-IOV 


fig. 1. Schematic diagram of an interface circuit between an 8080A-based 
microcomputer and an Analog Devices AD7522 digital-to-analog converter. 
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table 1. Important concepts and terms associated with digital-to-analog converters. 


Resolution The smallest standard incremental change in output voltage of a DAC. A converter with n input bits can resolve one part 

in 2 n . 


Accuracy Describes the worst case deviation of the DAC output voltage from a straight line drawn between zero and full scale; it in¬ 

cludes all errors. 


Settling time 
Conversion rate 
Nonlinearity 

Monolithic chip 


Multiplying DAC 


The elapsed time after a code transition for a DAC output to reach a final value within specified limits. 

The speed at which a DAC can make repetitive data conversions. 

Error contributed by a deviation of the DAC transfer function from a best straight line function. Normally expressed as a 
percentage of full scale range. 

An integrated circuit chip in which both active and passive elements are simultaneously formed in a single small silicon 
wafer via the use of diffusion and epitaxial processes. Metallic stripes are evaporated onto the oxidized surface of the 
silicon to interconnect the elements. 

A digital-to-analog converter in which the output analog signal is the product of the number represented by the digital in¬ 
put code and the input analog reference voltage, which may vary from scale to zero, and in some cases, even to negative 
values. 


table 2. Memory I/O program that generates a slow linear ramp. Execution starts at HI =003 and LO =000. 


LO address 

instruction 



byte 

byte 

mnemonic 

comments 

START: 000 

042 

SHLD 

Strobe ten bits of digital data into the AD7522 DAC shift registers. The ten input data 

001 

004 

004 

bits are contained in register pair H. The address select code for the LBS input is 

002 

200 

200 

HI =200 and LO = 004; the address select code for the HBS input is Hl = 100 and 
LO — 005. 

003 

062 

STA 

Strobe ten bits of digital data from the input buffer into the DAC register within the 

004 

003 

003 

AD7522 DAC. The address select code for the LDAC input is HI = 200 and LO = 003. 

005 

200 

200 


006 

043 

INXH 

Increment register pair H 

007 

315 

CALL* 

Call 10 ms time delay routine, DELAY 

010 

277 

277 

LO address byte of DELAY 

011 

000 

000 

HI address byte of DELAY 

012 

303 

JMP 

Unconditional jump to START, where the input of new data into the DAC occurs 

013 

000 

000 

LO address byte of START 

014 

003 

003 

HI address byte of START 


*On the 8080-based microcomputer that we use in our courses, a 10 millisecond time delay subroutine is located in EPROM starting at HI =000 and LO =277. 
Such a routine can be located anywhere in memory. 


put of the AD7522. This can be observed on a Vom, 
digital multimeter, or oscilloscope. The ramp is sub¬ 
divided into 1024 small steps, each step being ap¬ 
proximately 5 mV in magnitude. The total time 
required to change from 0.0 volts to +5.12 volts is 
10.24 seconds. The SHLD <B2> <B3> instruction 
outputs two data bytes in succession, from register 
pair H, into the input buffer registers of the DAC. The 
contents of register L are transferred into the 8-bit 
shift register, while the least significant two bits in 
register H go into the 2-bit shift register. Note that 
the address is automatically incremented, and a 
second MEMW control pulse generated by the 
8080A when the SHLD instruction is executed. The 
STA <B2> <B3> instruction provides only a strobe 
pulse at the LDAC input to the DAC; no data 
transfer occurs between the accumulator and the 
DAC. 


Other small monolithic and hybrid DAC systems 
are available from different manufacturers. The Ana¬ 
log Devices converter was chosen because of the on- 
the-chip latches and double buffering registers. The 
use of a reference potential is common to many DAC 
modules. Perhaps in the future it, too, will be includ¬ 
ed in the module. 
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let’s reduce 

audio pollution 


in the vhf bands 

How’s your 
audio quality 
over the repeater? 

Here are 
some ideas 
for improvements 

Much has been written about the control and 
power output of vhf fm equipment. But little has 
been written, that I can discover, about the input 
part — audio signal generation — particularly the 
how and why of obtaining audio quality throughout 
the entire chain of repeater operation. 

As a one-time audiophile I have paid close atten¬ 
tion, the past several months, to the audio quality of 
signals being retransmitted by amateur repeaters. It's 
been a pretty sad experience, but there's a glimmer 
of hope. I've also been hearing others comment¬ 
ing on the situation, and steps are being taken to 
remedy it. 


Other than from equipment electrical malfunc¬ 
tions, bad audio is caused mostly by c/ose talking 
into the dynamic microphone that usually comes 
with the radio. A couple of years ago I wrote an arti¬ 
cle on the subject of proximity effect for my club 
paper. The article was subsequently published in 
ham radios It pointed out that all conventional mov¬ 
ing-coil microphones (including speakers used as mi¬ 
crophones) accentuated the bass tones by a factor of 
3 to 4 dB at 200 Hz (fig. 1). Such response can easily 
cause the first audio amplifier stage to overload and 
feed this signal into the transmitter. 

I've heard many reasons why amateurs don't re¬ 
main at least 5 cm (2 inches) from their microphones, 
none of which are valid. Many old wives' tales have 
sprung up regarding the use of microphones. The 
most ridiculous is that foreign equipment manufac¬ 
turers have "set the audio stages of their radios for 
their countrymen." Sheer nonsense! It's usually not 
necessary to touch any internal controls in any radio, 
regardless of its origin, foreign or domestic. This 
statement is qualified by reminding you that, in most 
transceivers, audio is set using one audio frequency 
at a time from an audio oscillator, and that the radio 
and microphone are packaged in a carton as the 
equipment goes out the door. 

talking across the microphone 

The next fallacious theory to be laid to rest is the 
"talk-across-the-microphone" nonsense. AH micro- 

By Budd Meyer, K2PMA, 6505 Yellowstone 
Blvd., Forest Hills, New York 11375 
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phones are designed for speaking directly into the ac¬ 
tive element (fig. 2). The sound waves should im¬ 
pinge onto the element perpendicularly; the micro¬ 
phone element should be in the same plane as your 
mouth. The microphone element is designed to react 
to, or transduce, all frequencies pretty much equally. 

Unfortunately, microphone designers have a prob¬ 
lem in that the higher audio frequencies are more di¬ 
rective. The further from a straight line access to the 
microphone element, the greater will be the loss of 
the higher audio frequencies reaching the micro¬ 
phone element. Fig. 3 gives an idea of what happens 
when an audio signal (your voice) impinges indirectly 
onto the microphone element. Audio frequencies 
above about 800 Hz travel almost directly toward the 
element, whereas lower audio frequencies have 
much less directivity and much more power per unit 
bandwidth. 

So if you talk across the microphone, the bass 
voice frequencies can overload the audio chain in the 
radio; and the high frequencies, which are essential 
to intelligibility, are attenuated. I'd like to emphasize 
that the information above applies to all microphones 
whether crystal, dynamic, ceramic, or whatever. If 
you talk across the microphone, you're going to sac¬ 
rifice the higher audio frequencies. 



FREQUENCY I HO 


fig. 1. Generalized response curve of the dynamic micro¬ 
phone. Note the accentuated bass tones at 200 Hz 
(reference 1). 


output. If you adjust the deviation control so that the 
radio is over-deviating, all you will do is increase 
distortion, since the transmitted signal bandwidth 
will be increased. 

Most amateur repeaters have some form of devia¬ 
tion limiting control to prevent their signals from 
spreading out. If your radio's deviation setting is 
above this predetermined limit, you'll probably exper¬ 
ience the phenomenon of "popping out the repeat¬ 
er." You won't gain anything but shrugs from other 
repeater users who know better. You may even get 
an admonishment to clean up your signal. 


over-deviation 

Another situation that should be remedied is the 
idea that increasing the fm deviation will increase 
power output. More nonsense! The rf output of an 
fm transmitter is constant, and no amount of "dink- 
ing" with the deviation control will increase power 



Test setup used by K2PMA to check VU meter readings 
with a calibrated audio power meter. 


some answers to the problem 

How do you obtain good audio quality through the 
repeater? Much of the answer lies in the desire to do 
so. A standard answer you'll get, as I have, when 
you mention to someone who is over-deviating that 
perhaps he might try backing away from the micro¬ 
phone, is "You're the first to complain." Don't let 
this answer put you off. Most amateurs will back 
away from the microphone if asked to do so. Of 
course, if you tell him he sounds better at that dis¬ 
tance from the microphone, and he realizes he's a 
half-meter (2 feet) away, he just might consider ad¬ 
justing his microphone gain control! 

simple tests 

Some time ago I came across a good buy in vol¬ 
ume unit (VU) meters for my stereo system. I pur¬ 
chased an additional meter and connected it to the 
output of my vhf transceiver, which uses an 8-ohm 
speaker. I now had a reference of sorts — the fact 
that it was qualitative rather than quantitative served 
my purpose. At a comlortable listening level, the VU 
meter indicated average and peak audio output. To 
get quantitative values, I connected a calibrated 
audio-power meter to the output, which proved the 
validity of my VU-meter measurements. 
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Being aware that most amateurs don't have VU or 
audio-power meters, I connected a Simpson 260 
Vom to the speaker output. Lo and behold — the 
VU-meter and Simpson 260 Vom readings matched! 
Such instrumentation can be used to advise the fel- 



fig. 2. Most fm problems with poor audio can be remedied 
by speaking at least 5 cm {2 inches) from the microphone. 
Loud speech doesn't improve power output. 


low on the other end that he's over-deviating, and 
you can prove it by comparison. 

As a rough approximation, I suggest to the other 
fellow that he adjust his level to cause my VU meter, 
which has 300 ohms rather than the standard 600- 
ohm impedance, to average -7 VU and peak at -4 
VU. (A correction factor of 15.75 dB must be added 
to the reading.) This comes out to about 7.5 mW 
average and 15 mW peak. These numbers are only 
guides; you can set your own standards based on 
your own equipment. 

measurement problems 

Audio measurements are subjective, which means 
that all such measurements obtained by instrumenta¬ 
tion are subject to individual taste and hearing char¬ 
acteristics. I've listened to rigs set up by deviation 
meters and oscilloscopes and note that this method 
just doesn't accomplish the job. There are resolution 
problems with oscilloscopes and frequency problems 
with deviation meters. Personal habits and voice 
characteristics color the tests. Obviously an oscillo¬ 
scope presentation will show clipping; however, by 
the time the clipping is discernible the distortion will 
probably be very high. 

How can we obtain good audio? Probably 90 per 
cent of the distortion heard on repeaters can be elimi¬ 


nated if we all talked at least 5 cm (2 inches) away 
from the microphone. Also, accepting the fact that 
talking loudly does not equate to more output power 
will eliminate the other major culprit causing distor¬ 
tion, as noted previously. 

I've no recommendation for setting up metered 
standards since an infinite number of variables must 
be considered. And no matter what one could come 
up with, we still must contend with the subjective as¬ 
pect of audio measurements. I've heard many ama¬ 
teurs with unbearable distortion access a repeater 
and ask for an audio check, only to be told that they 
sound good. The smartest thing to do would be to 
listen to your favorite repeater for awhile and learn 
which people give accurate reports. If one fellow 
consistently improves the audio of others with 
honest reports, then he's your man. 

level setting 

Here are some ideas for setting the level of your 
radio. As an example of the typical imported fm 
transceiver. I've provided a couple of sketches show¬ 
ing where to find the deviation and microphone gain 
control (fig. 4). 

First, you must have someone listen to your signal 
over a period of time, preferably on a simplex fre¬ 
quency, so that the repeater doesn't affect your 
audio. Start by practicing the technique of talking at 
least 5 cm (2 inches) from the microphone. Once you 
get the hang of it, this procedure will become second 



fig. 3. Response patterns of dynamic microphones. Higher 
audio frequencies, which convey intelligence, are more di¬ 
rectional than the lower frequencies — a case supporting 
the theory for talking directly into the microphone rather 
than across it. 
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nature. Chances are you won't have to touch the 
radio's innards. 

If you have to reduce the audio, locate the micro¬ 
phone gain control (not the deviation control), and 
turn it in small increments until your listener agrees 


the microphone 

As a final attempt to clean up your signal, you can 
always buy a new microphone. Perhaps yours is out 
of spec, or you dropped it once too often. The thing 
to look for here is not so much impedance match 
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fig. 4. Generalized sketch of most fm vhf radios showing where to find the deviation control. A, and the microphone gain con¬ 
trol, B. 


that your audio is sufficient and clean — no rough 
edges. I don't believe that these tests can be done in 
committee fashion — stay with one man! 

Only rarely is it necessary to touch the deviation 
control. What procedure do you use if there's only 
one control in your radio? Not much, really. The situ¬ 
ation then becomes a tradeoff between microphone 
talking distance and level. Make every attempt to 
keep your audio clean. If your radio has only one 
control, not eating the microphone is bound to im¬ 
prove your signal quality. Some hand-held radios use 
the speaker as a microphone; not much can be 
done here. 

If your radio has a deviation control but no micro¬ 
phone gain control, it's easy to adjust the deviation 
control so that your signal isn't two barn doors wide. 
As I've mentioned previously some repeaters are de¬ 
viation limited, and if your fm signal swing is beyond 
the preset standard set by the repeater, the machine 
will pop out when you try to talk. 

Locate the deviation control, which is generally 
near the end of the speech amplifier and audio chain. 
Ask your friend to listen to your signal while you ad¬ 
just the deviation control for minimum swing with 
clean audio. Keep in mind that excessive deviation 
does not increase talk power or rf output. You can 
adjust the deviation control so that your signal will 
deliver all the talk power you can use without objec¬ 
tionable distortion. 


(since most dynamic microphones will work with 
most transistorized amplifiers) but the microphone 
output level — somewhere in the vicinity of 10-50 mV 
across 2000 ohms. How do you ascertain this with¬ 
out meters? Buy it with return privileges. 

closing remarks 

Let us not forget that your transmitter is only one- 
third of the communications chain. Repeater opera¬ 
tors should also get into the loop. Someone in the 
group should listen to the average quality of the re¬ 
peater audio. Sad to say, many repeaters have all 
kinds of added exotic features, but repeated audio is 
poor because no one has taken the time to check it. 

We have autopatch, beeps, timers, tone-encoded 
outputs, frequency checks, automatic signal reports, 
welcoming speeches, and the like, but bad audio in 
many cases. I earnestly believe that control stations 
should absolutely and positively comment on bad 
audio coming into the repeater. 

I hope this article will help improve a long-neglect¬ 
ed aspect of amateur radio. I've found most hams to 
be cooperative in helping to rid the airwaves of audio 
pollution. 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 126. 


DenTron Jr. monitor 
antenna tuner 



DenTron's newest tuner, called the 
Jr , Monitor, has power-handling 
capability of 300 watts, and can han¬ 
dle balanced, coaxial and random- 
wire-fed antennas. It also includes a 
relative-power-output meter and a 
mobile-mounting bracket. The Jr. 
Monitor measures a mere 5 Vi-inches 
wide, by 2%-inches high, by 6 
inches deep (14x7x15cm). This size 
makes it ideal for portable, mobile, or 
fixed operation. Designed to handle 
virtually any transceiver or receiver- 
transmitter combination, the Jr. 
Monitor is priced at $79.50 and is 
available at DenTron dealers through¬ 
out the United States and the world. 
For more information, write DenTron 
Radio Company, 2100 Enterprise 
Parkway, Twinsburg, Ohio 44087. 

OSCAR amateur 
radio satellites 

For most amateurs, obtaining in¬ 
formation about any of the Oscar 
satellites has been somewhat of a 
piecemeal process. Almost every 
area of interest was covered in a 


separate publication or source, and 
some information just did not seem 
to be available at all. 

Author and engineer Stratis Cara- 
manolis has written a very useful 
book, OSCAR Amateur Radio Satel¬ 
lites, that ties it all together in one 
place. The original was published in 
German, and now an English- 
language version is being distributed 
by the Radio Society of Great 
Britain, and by Ham Radio's Com¬ 
munications Bookstore. 

Almost any question that you may 
have about amateur radio satellites 
can be answered by consulting 
OSCAR Amateur Radio Satellites. 
It shows a high degree of compe¬ 
tence in presenting the technical and 
theoretical facts of satellite opera¬ 
tion, but at the same time these facts 
are covered in language that the non¬ 
engineer can understand and work 
with. The author uses just enough 
mathematics to prove whatever 
theory or point is being discussed, 
but not so much as to scare away 
any neophyte to amateur radio or 
satellite communications. 

The book starts out with a dis¬ 
cussion of the solar system from the 
first misconceptions that placed the 
earth at the center of the universe, 
and brings you right through the 
changes in scientific thinking into the 
current period of knowledge, which 
was started by Johannes Kepler. The 
first three laws formulated by Kepler 
are essential in understanding the 
mechanics of orbiting bodies, no 
matter what size they are. The book 
uses this Keplerian foundation to 
build a subsequent discussion of 
satellite orbital mechanics starting 
with a simple explanation of the tra¬ 
jectory of a projectile and then de¬ 
veloping this into a trajectory that has 
no terminus, thus being an orbit. 

Once the essential mechanics of 
orbits and satellite theory are taken 
care of, the author gets into a good 
explanation of satellite types, sys¬ 
tems, control, power requirements, 
and structures. This is followed by a 
chapter on the fundamentals of tele¬ 
communications by means of satei- 
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lites, which includes such areas as 
free-space loss (of signal strength) 
and receiver sensitivity — both im¬ 
portant considerations if you plan to 
use a satellite system. 

All of this groundwork material 
takes up a good portion of the book, 
but it is interesting and essential 
reading if you are to really under¬ 
stand what makes any satellite be¬ 
have the way it does. Chapter seven 
is the first one that is devoted entirely 
to amateur radio satellites, and it 
starts with the background of ama¬ 
teur work in planning, building, and 
launching the first OSCAR. It con¬ 
tinues with a history of each amateur 
satellite right through to the current 
OSCARs 6 and 7. 

This chapter is followed by one 
that, logically, devotes many pages 
to detailed descriptions of all the 
systems that go to make up an 
OSCAR satellite package — trans¬ 
ponders, telemetry, antennas, re¬ 
ceivers, modes, decoding, and much 
more. It explains how you can cal¬ 
culate orbital information, how you 
can interpret the telemetry data that 
indicates the condition of the space¬ 
craft systems, and what you need at 
your home (ground) station to work 
with satellites. 

The last chapter is devoted to the 
subject of learning with satellites. It 
is a section designed to acquaint 
educators with the possibilities of 
classroom use of amateur satellite 
signals and experiments. The author 
points out some of the uses that 
have been made of this material, and 
provides names and addresses where 
those interested can obtain more 
information. Some samples of tech¬ 
niques useful in classrooms are 
given, such as measurement and 
explanation of Doppler effects, 
orbital data, and transmission of 
amateur television and weather satel¬ 
lite pictures through the OSCAR 
spacecraft. Future satellites are dis¬ 
cussed, but because of the many 
variables in timing of launch vehicles, 
satellite construction, and the like, 
this coverage can be only tentative 
at best. 
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All-in-all, the book is recommend¬ 
ed as an excellent reference for the 
amateur (or anyone else) who is 
curious about any phase of satel¬ 
lites, or who is seriously contem¬ 
plating the use of OSCAR for com¬ 
munication or educational purposes. 
OSCAR Amateur Radio Satellites, by 
Stratis Caramanolis, is 194 pages, 
paperback, and is $8.50 postpaid 
from Ham Radio's Communications 
Bookstore, Greenville, New Hamp¬ 
shire 03048; order RS-O. 

active filter design 



The Design of Active Filters and 
Experiments by Howard M. Berlin, 
published by E&L Instruments, is an 
introduction to theory, implementa¬ 
tion, and design of active filters. The 
text includes descriptions and sche¬ 
matic diagrams of designs for the var¬ 
ious lowpass, highpass, bandpass, 
and notch filters based on the 741 op¬ 
erational amplifier 1C. Recommended 
for the experimenter and hobbyist 
who want to learn the basics of ac¬ 
tive filters, the book is complete 
enough to serve as a college-level 
laboratory manual. It is also an ex¬ 
cellent reference for the practicing 
circuit designer. 





1 Kw CW, 3 Kw PEP input. 

For dipoles, inverted Vees, 
beams, quads. 

Dependable. Takes 
temporary overloads in 
stride. 

Specify 1:1 or 4:1 ratio. 

Model IK $16.95 


2 Kw CW, 6 Kw PEP input. 
Far more rugged than any 
other balun made for 
amateur use. 

Specify 1:1 or 4:1 ratio. 

Model 2K $32.50 


2 Kw CW, 6 Kw PEP input. 
Our heavy duty balun with 
mounting bracket for 2” 
mast or boom. 

Specify 1:1 or 4:1 ratio. 

Beam Balun $37.50 


Only Palomar Baiuns Have All These Features 

• RF toroidal core for highest efficiency. 

• Teflon insulated wire. 

• Stainless steel hardware. Won’t rust. 

• Epoxy filled case. Waterproof. 

• Wideband 1.7 to 30 MHz. 

• White case to reflect the sun. 

• Lightning protection built in. 

Free brochure sent on request 

How many lightweight baluns have you burned out 
already? Install the balun that will stay up there working 
year after year. 

Order direct. Add $2 shipping/handling. California 
residents add sales tax. 
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AMECO * ARRL BOOKS • ASTATIC • B & W * BEARCAT 
• CALLBOOK • CDE HAM III • CUSHCRAFT • DENTRON 
• HALLICRAFTERS • HY-GAIN • KLM • LARSEN 
• MALLORY • J. W. MILLER • MOSLEY • SAY POWER 
SUPPLIES • SHURE • W2AU BALUN • MORE TO COME! 

Orlando's Most Complete Stock of Electronic Hardware 
Transislors * Diodes • Integrated Circuits * Variable Capacitors * Connectors * Audio Cables 

• Variable Resistors • Antenna Wire * RG-8/U Coax (foam) • Rotor Cable * Steel Mast 

• Ceramic insulators • and much more 


LAFAYETTE RADIO ELECTRONICS 

1811 N. HWY 17-92, MAITLAND, FL. 32751 
(Near Orlando) 

305-831-2271 





from DRAKE 


UV-3 PRICE REDUCTION 

In this day of rising prices on almost everything, it is not only 
refreshing but even remarkable to be able to announce a 
significant price reduction on the Drake UV-3 System. 

How can this be? Well, considering that no one has ever 
produced a 144-220-440 MHz multi-band fm system before, at 
the time it was priced we could only use our best estimate on 
materials, labor, etc. Now that we are shipping the first UV-3 
units, we refigured our costs on the entire system and are 
pleased to announce that we can pass along these sub¬ 
stantial savings to you: 

Model 1346 Drake UV-3 (144-220-440) .$905^0 $795.00 

Model 1344 Drake UV-3 (144-440) .$695.00 

Model 1343 Drake UV-3 (144-220) .$205*0 $695.00 

Model 1345 Drake UV-3 (220-440) .$205*0 $695.00 

Model 1340 Drake UV-3 (144) .$595.00 no change 

Model 1359 Drake UV-3E (144-430) European Model .. see dealer 

(Prices above include factory installed modules for bands as 
listed, standard dynamic mike, and mobile mounting bracket.) 

* 144 Add-on Module .$250*0 $175.00 

*220 Add-on Module .$350:00 $175.00 

M40 Add-on Module .$350*0 $175.00 

Model 1504 Drake PS-3 AC Power Supply.$ 89.95 no change 

Model 1525 Drake 1525 EM Encoding Mike .. .$ 49.95 no change 

Model 1330 Drake UMK-3 

Remote Trunk-Mount Kit.$ 69.95 no change 

‘Add-on modules expand band coverage of models which 
may have been purchased in a single band or two band con¬ 
figuration. Prices includes factory installation which is neces¬ 
sary to meet FCC Type Certification requirements. 

To receive a FREE Drake Full Line Catalog, please send name and date o( this publication to; 


R. L. DRAKE COMPANY 


540 Richard Street. Miamisburg, Ohio 45432 • Phone (513) 866-2421 • Telex 288-017 

Western Sales and Service Center, 2020 Western Street Las Vegas, Nevada 89102 • 702/382-9470 


Mathematical equations and tech¬ 
niques are held to a minimum; the fil¬ 
ter design characteristics are convey¬ 
ed primarily by means of tables, 
graphs, and illustrative examples. 
The subjects covered include the 
basics of operational amplifiers and 
filters, first order lowpass and high- 
pass active filters, and second and 
higher order active filters. Other 
topics described are bandpass and 
notch filters as well as the state- 
variable filter. Twenty-six experi¬ 
ments demonstrate active-filter 
characteristics. 

The Design of Active Filters and 
Experiments sells for $8.50 and is 
available from Ham Radio's Com¬ 
munications Bookstore, Greenville, 
New Hampshire 03048; order BB-AF. 

flex-i-pak 
instrument case 

A flexible instument housing 
system has just been designed by the 
Buckeye Stamping Company of Col¬ 
umbus, Ohio. This case, tradenamed 
F!ex-i~pak, is supplied in a basic 
unit/frame configuration with a vari- 
ty of chassis and brackets to choose 
from. This allows custom designing 
of prototype units at a minimum cost, 
without tooling. It's also a sturdy, 
economical case for production run 
equipment. 

Since Ffex~i~pak extrusions, 
brackets, and panels contain a pat¬ 
tern of holes on 1/2 inch (12.5cm) 
centers, an almost infinite number of 
configurations is possible. Card 
guides may be installed spaced for 
popular connector lengths. 

The basic case features vinyl 
covered top and bottom, with side 
rails and perimeter frame of extruded 
aluminum. The standard case width 
is 17 inches (43cm) with 13-inch 
(33cm), 16-inch (41cm), or 20-inch 
(51cm) depths. Heights are 3-1/2, 
51/4, 7, 8-3/4, 10-1/2, and 12-1/4 
inches (8.9, 13.3, 17.8, 22.2, 26.7, 
and 31.1cm). 

For complete specifications, con¬ 
tact The Buckeye Stamping Com¬ 
pany, 555 Marion Road, Columbus, 
Ohio 43207. 
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a second look 

zgjl by Jim Fisk 


Let's say you have an Extra or Advanced-class license and are bored with working DX, handling traffic, 
or trying out new SSTV circuits. What next? Why not shift gears and put your station and expertise to 
work helping out the Novice operators? 

The other day I was tuning across the 40-meter Novice band and heard a cool, crisp, CW signal sending 
CQ. The band was full of shortwave-broadcast signals, and the CQ signal wasn't very strong. But it sound¬ 
ed like a tape recording — slow, steady, and with good spacing between characters. I listened. Nothing 
much but foreign-broadcast QRM and a few weak CW stations working each other. Then, down in the 
noise, I heard a fellow calling and answering the CQ. He was a WB9, sending very slowly with many er¬ 
rors, pauses, and lots of stops and starts. The station calling CQ answered the WB9, slowly and patiently. 

What ensured was one of the more beautiful things that happen in amateur radio. The station calling 
CQ was an old timer, who decided to put his rig on the Novice 40-meter band. The Novice who answered 
his call, obviously brand new and unsure of himself, was glad to hear any station. I listened to the QSO. 
What happened renewed my faith in ham radio. The old timer was obviously ready to use his high-speed 
keyer — you could tell at the end of his transmission. But the old timer kept his cool and pounded away on 
his straight key, slow and steady. 

It all ended with the usual amenities. The Novice wanted another QSO, but above all, he wanted a QSL 
card to confirm the QSO. No problem. Addresses and names were exchanged. Hopefully, both exchanged 
QSL cards and both followed up to build a lasting friendship. 

If you're an experienced ham operator and are interested in expanding your horizons, why not consider 
putting your rig on the Novice bands? The 40-meter Novice band is a good place to start. Many new hams 
obtain gear that is band limited, and most Novices start out on the low-frequency ham bands — 40 and 80 
meters. Equipment is easy to get working on these bands, as most old timers will realize. Whatever Novice 
band you choose, bear in mind the following facts. 

Most Novices have dipole antennas and rather unsophisticated transmit-receive facilities. Many use 
knife switches to transfer between receive and transmit. So if you decide to put your rig on the Novice 
bands, with all the new features, remember that the Novice is unaware of most modern developments. 
He's interested in receiving your transmission, simply and without flair. 

Patience is the watchword when working Novices. Patience requires a certain discipline that pays off in 
genuine self satisfaction when you've completed a good QSO. 

If you're an overseas amateur, your signal is more than welcome in the U.S. Novice bands. You'll find 
Novices that can handle Morse pretty well — they're almost ready for the next step — the exam for the 
General-class license. But don't overlook the vast majority of U.S. Novices. All would like a QSO with a 
DX station. Slow down from time-to-time and give the new fellows a chance. 

Some additional tips if you're an old timer and want to work Novices: If you call a Novice station and a 
reply is not immediately forthcoming, listen for at least two minutes. Perhaps it's his first QSO. The new 
amateur who puts his rig on the air for the first time is usually nervous, anxious, and maybe somewhat 
confused. If you can remember your first QSO, I'm sure you know the feeling (the first time I attempted to 
answer another station I forgot to turn on the B + supply to the transmitter, but that's another story). So 
if the Novice you calf doesn't come back right away, tune around and wait. Chances are he'll answer after 
a few minutes. If not, call him again. He's probably overwhelmed that someone answered his call. 

It's a great feeling to be able to help a newcomer. All you need is a little patience and perseverance. If 
you do it right, you'll be surprised. You'll have a pile-up of Novices trying to work you — it's almost like 
being a rare DX. Try it, you'll like it. . . but be patient. 

Jim Fisk, W1HR 
editor-in-chief 
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OSCAR 8 IS UP AFTER A flawless launch that lifted off the launch pad right on sched¬ 
uled Listeners to the" AMSAT 20-meter net heard the actual countdown and blastoff relay¬ 
ed by WA3NAN. The later ejection of OSCAR 8 from the launch vehicle was so perfect that 
the 435.095-MHz beacon signal showed the satellite was tumbling far less than had been 
expected. This permitted extension of the 10-meter antenna on the fifth orbit, instead 
of waiting several days as had originally been planned, and on the following orbit Mode A 
was turned on as OSCAR 8 came over the southern horizon and its 29.402 MHz beacon laid a 
strong signal across the entire U.S. 

Preliminary Tests Show the new bird to be a fine performer, with good Mode J signals 
and Mode A performance apparen11y even better than OSCAR 6 was. 

OSCAR 8's Orbit came very close to predictions, with refined calculations showing it 
nearly circular with a 909.583 km mean altitude, a period of 103.23162 minutes, and an 
inclination of 98.99° resulting in a 25.80867° progression at the equator. 

Orbit Information booklets for OSCAR 8 will be available the end of this month from 
Skip Reymann, W6PAJ, Box 374, San Dimas, California 91773. Costing $5 ($3 for AMSAT mem¬ 
bers or free for AMSAT Life members), the booklet will have orbit information through the 
end of this year. 

OSCAR 8 Is Available for general use, operating Mode A weekdays (Wednesday, experi- 
mental only) and Mode J Saturday and Sunday (GMT). Both transponders are working so well 
(20W ERP produces S9 and 1W S6 on Mode A, and Mode J appears to be about 6 dB better!) 
that linears are definitely not needed. 

THE AMATEUR CALLSIGN structure has been completely overhauled, effective March 24. No 
special callsigns orspecial events callsigns will be issued, and licenses for personal 
secondary stations will no longer be renewed. Call areas will remain, and will determine 
the prefix of a callsign issued to an address in that area, but an individual can retain 
his callsign indefinitely if he wishes, even if his permanent station location changes 
call area. 

Under The New Policy , which divides callsigns into four "groups," 2x1 and Nx3 callsigns 
will soon be heard. Group A includes 1x2, 2x1, and 2x2 (AA-AL prefixes), available to 
Extras only. Group B includes 2x2s, other than AA-AL, and will be available to Advanced 
Class license holders. Group C is 1x3 callsigns, available to Generals and Technicians, 
while Group D is 2x3s for Novices. In Group A, 2xls will be the first calls issued, while 
Nx3s will be the initial Group C issue. 

The Initial Extra Class callsign (Group A), assigned in each call area will be AAxA, 
but 2x2s for Advanced Class (Group B) will begin with KA1AA in the first call area but 
KBxAA in all others (since KAx2 callsigns are currently in use by U.S. personnel in 
Japan). Novices are also going to start a new callsign group (Group D), with KAx3 such 
as KA3AAB. 

NOTE; Only Extras and other class licensees who are upgrading or applying for their 
first Amateur license are currently eligible for the new calls. Requests are made by 
specifying on line 13A of Form 610, "Please assign a Group_ callsign" when filing the 
application. But, for any Extra who has received a 2x2, the FCC will process a request 
for change,if received before October 1, 1978, to a 2x1 callsign. Applications from 
others will be returned! 

EFFECTIVE MAY 15 , Novice licenses now have five year terms and may be renewed just like 
any other Amateur license as a result of the Commission's action on Docket 20282. At the 
same time they also extended Technician's privileges to all Amateur frequencies above 
50 MHz, giving Techs all of 6 as well as 2 meters. 

Also, Effective May 15 , the new 2-meter repeater sub-band will be 144.5-145.5 MHz. In 
addition to deleting WR callsigns, repeaters will not be permitted use of 220.0-220.5, 
431-433, or 435-438 MHz, to permit weak signal and satellite communications. 

RICHARD COOPER HAS BEEN CHARGED with misrepresentation by the California State Attor¬ 
ney^ ~l3ene^^ Office. Ina suit filed in Los Angeles Superior Court, the state asked that 

Cooper and his Communications Attorney Service be ordered to stop disseminating false in¬ 
formation about himself and his service. 

Among Cooper's Claims Challenged in the suit were his statements that he and his part- 
ners were licensed to practice law, that he holds MS and PhD degrees, that Communications 
Attorney Service has associate attorneys in Atlanta, New York, and Chicago, and that his 
office has "one of the most extensive libraries of FCC reports in the country." Also 
branded as misleading or false in the suit were claims about the number of subscribers, 
size of his attorney staff, and the money that CBers could save by being a subscriber. 

NEW PREFIXES FOR U.S . Pacific and Caribbean Islands are: KHl, Canton; KH2, Guam; KH3, 
Johnston; KH4, Midway; KH5K, Kingman; KH5, Palmyra; KH6, Hawaii; KH7, Kure; KH8, Samoa; 
and KH9, Wake. Also KP1, Navassa; KP2, Virgin Islands; KP3, Serrana Bank, and KP4, Puerto 
Rico. Other spots, such as the Marshall Islands and Guantanamo Bay, are not FCC adminis¬ 
tered and so remain unchanged. 
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Windom antennas 


Some facts and fiction 
about the Windom antenna, 
and how it measures up 
in terms of bandwidth 
and input impedance 


One of the simplest and most economical antennas 
suitable for multiband amateur use is the single-wire, 
off-center-fed antenna, often called the Windom 
antenna. 

Although this antenna in its present form was first 
described in the professional literature in 1929 by 
Everitt and Byrne , 1 and in the amateur literature by 
Loren Windom, W8GZ/W8ZG, 2 very little new or 
original theoretical or design data has been published 
since that time. To the best of my knowledge, no in¬ 
formation on impedance or bandwidth measure¬ 
ments on the antenna has ever been published. 

In this article I will begin by giving the history of 
the antenna, then a theoretical discussion of the an¬ 
tenna and single-wire transmission line, followed by 
a method of adjusting the antenna, and finally, the 
results of measurements I have made on an actual 
antenna. 

history 

The single-wire feedline has been credited to Frank 
Conrad, 8XK, of Westinghouse who used it in the 
broadcast band to feed a quarter-wavelength 


grounded (Marconi) antenna. The next step was 
taken by V. D. and E. B. Landon, 8VN, who connect¬ 
ed the single feedwire to the junction of the antenna 
and counterpoise. 3 In a later article by Howard M. 
Williams, 9BXQ, the counterpoise was stretched out 
and made a part of the antenna with the feedpoint 
still off-center. 4 Fig. 1 shows a summary of these 
early developments. 

In the middle 1920s Loren Windom operated 
8GZ/8ZG in the Columbus, Ohio, area. Windom ran 
high power for that time (250 watts) and was consid¬ 
ered the technical bellwether of Columbus hams, as 
he was an active experimenter, working with anten¬ 
nas among other things. 

In July, 1926, the technical editor of QST, Robert 
S. Kruse, published an article which gave a roundup 
of various methods of feeding an antenna as they 
were understood at that time. 5 A discussion by Win¬ 
dom on how to adjust the off-center-fed antenna 
was a part of that article; the procedure consisted of 
placing a light bulb in the center of the antenna (fig. 
2) and adjusting the feedpoint for maximum lamp 
brilliance (maximum current). This procedure was al¬ 
so published in the first three editions of the ARRL 
Radio Amateur's Handbook . 

John Byrne, then 8DKZ, became associated with 
Windom; 8GZ/8ZG QSL cards, circa 1925, carried 
the names of both Windom and Byrne. Both were 
students at Ohio State University — Byrne in electri¬ 
cal engineering and Windom in law. 

It was customary in those days for senior engineer¬ 
ing students to do a thesis for graduation; Byrne and 
his thesis partner, E. F. Brooke, 8DEM, chose the 
single-wire transmission line as their topic. They car¬ 
ried out a considerable amount of research on the 

By John J. Nagle, K4KJ, 12330 Lawyers Road, 
Herndon, Virginia 22070 
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subject under the guidance of their faculty advisor, 
W, L. Everitt, who was then Associate Professor of 
Electrical Engineering. Everitt will be remembered for 
his book, Communication Engineering, which was 
the standard college textbook on the subject in the 
1930s and early 1940s. 

Windom, although not formally associated with 
the project, assisted from time to time in rigging or 
making measurements on his lunch hour or after 
classes, so he was up-to-date on the progress of the 
work. In fact, he incorporated many of the more 
promising facets at his own station. 

Byrne's investigation was incomplete when he 
graduated in June, 1927; however, he returned as a 
graduate student for the 1927-28 academic year and 
continued work on the single-wire feeder as his Mas¬ 
ter's thesis with A. B. Crawford as his partner. The 
work thus accomplished was published in the Pro¬ 
ceedings of the IRE in October, 1929, with Everitt 
and Byrne listed as authors. 1 It was standard practice 
then, as now, that when a student's research work is 
formally published, the faculty advisor is listed as 
senior author. 

The work of Everitt, Byrne and Brooke showed 
that the Windom procedure of 1926 was incorrect. 
Windom agreed in his 1929 article, and stated that 
his earlier method should not be used; he went on to 
describe the Everitt-Byrne method that I will explain 
later. Beginning with the seventh edition of the 
ARRL Handbook, the old, Windom graphs for the 
single-wire feeder were presented which give the 
length of the antenna as a solid line and the location 
of the tap as a dashed line for each amateur band. 
The Everitt-Byrne procedure has not been published 
in any of the ARRL handbooks or antenna manuals 
and is not widely known. 


ANTENNA ANTENNA 



CONRAD 8XK LAN DON 8VN WILLIAMS 98X0 


fig. 1. Early development of the off-center fed antenna 
beginning with the single-wire feedline used on the broad¬ 
cast band by Frank Conrad, 8XK, to feed a quarter-wave¬ 
length vertical (left). Later the Landon brothers, 8VN, con 
nected a single feedline to the junction of the antenna and 
counterpoise Icentei). Howard Williams, 9BXQ, stretched 
out the counterpoise and made it part of the antenna with 
the feedpoint still off-center (right). 


Windom recognized the utility of the method to 
the amateur community and encouraged Byrne to 
write it up for QST. Byrne declined, suggesting that 
Windom write it up himself as Windom was familiar 
with the work. Windom's article was published in the 
September, 1929, issue of QST, 2 a month before the 
Everitt-Byrne article. The delay in the Everitt-Byrne 


SMALL INCANDESCENT 
LIGHT BULB 



FEEOUNE TO 
TRANSMITTER 


fig. 2. Windom's 1926 procedure for adjusting the feedpoint 
of an antenna as described in QST. The feedline was moved 
along the antenna until the bulb glowed the brightest. Later 
experiments at Ohio State University showed this method 
to be in error. 

paper is ascribed to the more extensive editorial re¬ 
view required by the Proceedings of the IRE ; Win¬ 
dom, to his credit, stated in an early paragraph that 
he had not done any of the work himself — that he 
was only reporting the work of others. The fact that 
Windom's article was published a month before the 
Everitt-Byrne paper did cause considerable conster¬ 
nation, however. 

Byrne, having completed his studies, turned the 
project over to John Ryder, W8DQZ. Ryder was later 
to become Professor of Electrical Engineering at 
Michigan State University and the author of numer¬ 
ous electronics textbooks (he is not the Rider of 
Rider's Manuals fame). When Byrne left Ohio State 
University, he went to work at Bell Telephone Labor¬ 
atories and gave up amateur radio. I cannot help but 
feel that amateur radio lost a valuable member by this 
decision. 

The first use of the name "Windom" appears to be 
by the Wireless Institute of Australia which in 1930 
published an article which was substantially a reprint 
of Windom's QST article. Shortly after World War II, 
the Radio Society of Great Britain ran an article, 
"Why Not a Windom?" It thus appears that the 
name Windom was imported into the United States 
from overseas. Rightly or wrongly, the name has 
stuck because it is much simpler than the more tech¬ 
nical term, "off-center-fed Hertz antenna." 
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antenna theory 

One of the most important characteristics of an an- 
tenna, when trying to couple energy into it, is its in¬ 
put impedance which, of course, is composed of 
both resistance and reactance. The resistance and 
reactance both depend on a large number of factors 
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fig. 3. The reactance at any point 
along a half-wavelength antenna is 
zero. The situation is analogous to the 
parallel-tuned circuit of fig. 4. 


such as height above ground, diameter of the anten¬ 
na, nearby obstructions, and length of the antenna 
compared to a half-wavelength. While the input im¬ 
pedance can be calculated in the ideal case, the feed- 
point impedance of an actual antenna must usually 
be measured, especially under amateur conditions. 

Let's first talk about the antenna's reactance; to 
simplify things, we'll assume the antenna is exactly 
one-half-wavelength long or, as the old timers would 
say, "operating on its fundamental wave." 

As is well known, the reactance looking into the 
center of a half-wavelength antenna is zero. Not as 
well known is the fact that the reactance at any other 
point on a half-wave antenna is also zero. Consider 
fig. 3 where the antenna feedpoint is off-center. 
Looking into the short end, we have a transmission 
line with the far end open-circuited; the reactance 
looking into an open-circuited transmission line is 
given by 

X c = — jZ Q cot 9 (1) 

Where 

9 = the electrical length of the transmission 
line in degrees 

Z Q = the characteristic impedance of the 
line. 

If the antenna is exactly one-half-wavelength long, 
the length of the long end will be 1809 and its re¬ 
actance will be 


and 3 gives 

X L =-X C (41 

As the reactances are equal in magnitude but oppo¬ 
site in sign, the input reactance is zero. Since this is 
true regardless of the length of the line (value of 0), 
the reactance will be zero regardless of where the tap 
is located, provided only that the antenna is exactly a 
half-wavelength long. This situation is analogous to 
the parallel-tuned circuit shown in fig. 4. At frequen¬ 
cies below resonance, the inductive reactance will be 
less than the capacitive reactance so the current in 
the inductive branch will be greater than the current 
in the capacitive branch. Similarly, at frequencies 
above resonance, the current in the capacitive 
branch will be greater. At resonance the two currents 
will be equal. This fact provides an excellent means 
of determining the resonant frequency of any anten¬ 
na that is an integral number of half-waves long, as 
discussed later. 

We will now discuss the resistive component of 
impedance. For a half-wavelength dipole, the resis¬ 
tive component at the center is usually considered to 
be 72 ohms. This is true when the antenna is in free 
space or at certain heights above ground. The input 
resistance of the antenna at any location along its 
length can be easily determined in terms of its input 
resistance at the center. When the antenna is very 
thin and not terminated (as in a rhombic antenna), 
the current distribution along the antenna is essen- 


fig. 4. The parallel-tuned cir¬ 
cuit analog of the off-center 
fed antenna. 



tially cosinusoidal, as shown in fig. 5. The power ap¬ 
plied to the center of the antenna is 

Po = I 2 oRo 15) 


Where 

P 0 = power applied to center of antenna 

I 0 = rms current at center 

R 0 = radiation resistance at center 


X L = -jZ Q cot (180°-9) (2) 

From trigonometry it can be shown that 

cot (180°- 9) = - cot 9 (3) 

regardless of the value of $. Combining eqs. 1, 2, 


The power given by eq. 5 must be equal to the power 
at any other point x along the antenna; therefore 

I 2 oRo = I 2 xR x (6) 

Since the current distribution is assumed to be cosin¬ 
usoidal, I x = I Q cos 9 where 6 is the distance along the 
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antenna in electrical degrees from the center. Substi¬ 
tuting eq. 6 

fl 0 R n = (I 0 cos 6)2 R x 


so that 


Rx = 


R 0 

(cos d ) 2 


(7) 


From eq. 7 we see that theoretically the input resis¬ 
tance of a half-wavelength antenna goes from a 
nominal 72 ohms at the center to infinite ohms at the 
ends. In practice, the antenna current does not drop 
to zero at the ends, so the resistance does not be 
come infinite; the resistance can become very high, 
however. If the characteristic impedance of the sin¬ 
gle-wire feeder is between 72 ohms and "very high," 
we should be able to find a point on the antenna that 
will match the feedline characteristic impedance. 


transmission line theory 

When discussing a transmission line of any type, 
probably the first question to be asked is what its 
characteristic impedance is (and how it is measured 
or calculated). With conventional two-conductor 
transmission lines, such as coaxial cable, one meth¬ 
od to determine the characteristic impedance is to 
measure the impedance seen looking into a length of 
the line with the far terminals both open- and short- 
circuited; the square root of the product of these two 
measurements is the characteristic impedance of the 
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fig. 5. The current distribution along a half-wavelength an¬ 
tenna is essentially cosinusoidal as shown here. 


line. However, in the case of the single-wire line, 
what do you short-circuit it to? 

All right, you say, if you can't measure it, can you 
calculate it? The usual way to calculate the charac¬ 
teristic impedance of a transmission line is to calcu¬ 
late its inductance per unit length and the capaci¬ 
tance between the conductors per unit length; then 
divide the inductance by the capacitance and take 
the square root; 

( 8 ) 

It is not difficult to calculate the inductance per 
unit length of a single-wire line, but the capacitance 
per unit length is another matter. The capacitance to 


!L per unit length 
C per unit length 


what? There is no other conductor, so this leaves 
ground. However, the capacitance of the single-feed 
wire to ground can be expected to vary over a fairly 
wide range as the feedline leaves the station — rela¬ 
tively close to ground — and winds its way up to the 
antenna high in the air. And as the capacitance 

table 1. Characteristic impedance of long wires. 


conductor characteristic impedance, Z Q (ohms) 


diameter 


3.5 

7.0 

14.0 

28.0 

56 

mm 

inches 

AWG 

MHz 

MHz 

MHz 

MHz 

MHz 

12.5 

0.500 

- 

560 

518 

475 

435 

393 

6.5 

0.250 

- 

600 

560 

518 

475 

435 

3.3 

0.128 

no. 8 

641 

600 

559 

516 

474 

2.6 

0.102 

no. 10 

654 

613 

572 

530 

490 

2.1 

0.080 

no. 12 

669 

628 

586 

545 

503 

1.6 

0.064 

no. 14 

684 

643 

600 

560 

517 


varies, so does the characteristic impedance of the 
fine. Hence , the calculation approach is not practical. 

This can be seen more graphically by taking a 
slightly different approach. Consider fig. 6 which 
shows the single-wire feeder and its ground image; 
this converts the single-wire transmission line into a 
balanced line. This might be used to calculate the 
characteristic impedance of the line, but half the dis¬ 
tance between the actual line and its image is in the 
ground whose dielectric constant and other electrical 
parameters are not accurately known. This makes it 
difficult, if not impossible, to accurately calculate the 
characteristic impedance. 

Using the representation of fig. 6 does point up 
the fact that the single-wire feedline can be explained 
as one-half of a variable spaced balanced line, with 
two wires of the balanced line being closer together 
at the bottom and gradually increasing in spacing as 
they approach the antenna. Tranmission lines of this 
types are known as "tapered lines." Since the wire 
diameter is the same all along its length, the charac¬ 
teristic impedance will gradually increase as the line 
approaches the antenna. This also means that, as¬ 
suming the feedline is matched to the antenna, the 
current measured along the line will not be constant, 
but will slowly decrease as one moves toward the an¬ 
tenna. Therefore, the current measured at the input 
end of the feedline should be greater than the current 
measured at the antenna, even when the system is 
matched. 

After explaining so carefully why it is so difficult to 
calculate the characteristic impedance of a single¬ 
wire feedline, I was rather nonplussed to find the fol¬ 
lowing equation in an old publication: 7 


Z Q = 138 [log 


0 . 56 \ 
2nr 


( 9 ) 
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Where 

Z 0 = characteristic impedance of single-wire 
line 

r— radius of conductor 
X- operating wavelength 

Table 1 gives several values of characteristic imped¬ 
ance, taken from reference 8. As no sources or refer¬ 
ences are given, I do not know what approximations 
or assumptions were made in this formula's deriva¬ 
tion and can not attest to its accuracy. Since wave¬ 
length is included in the calculation, note that char¬ 
acteristic impedance varies with frequency! 

The fact that it is not practical either to measure or 
calculate the characteristic impedance of the single¬ 
wire feedline does not mean that the line does not 
have a characteristic impedance. It does — we just 
don't know what it is. While this will certainly affect 
the procedure used to match the feedline to the an¬ 
tenna, it should not stop us from obtaining a match. 

bandwidth considerations 

Although the bandwidth of the Windom antenna 
has always been assumed to be large, I have never 
seen it discussed in the literature. My own experi¬ 
ence indicates that while an off-center-fed antenna 
can be used over a relatively wide range of frequen¬ 
cies, it operates as a true Windom only over a very 
narrow bandwidth. 

As shown in fig. 4, the Windom antenna is analo¬ 
gous to a parallel-tuned circuit. The Q of a parallel- 
tuned circuit can be defined as the ratio of either the 
inductive or capacitive branch current (at resonance, 
the two are equal) to the line current. Therefore, the 
Q of a Windom can be easily measured by using the 
circuit of fig. 7. 

If the antenna operates as a true Windom over a 
relatively narrow bandwidth, why does the antenna 
work so well as a wide band antenna? Let's look at 
fig. 8A. As the frequency is increased above the 
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fig, 6. A single-wire feedline and its ground image. 


Windom frequency , the current in the long end de¬ 
creases while the short-end current increases. The 
long end loses its effectiveness as a radiator and the 
Windom antenna degenerates to a random-length, 
single-wire antenna with the single-wire feedline 
operating as part of the radiating system. Below the 
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fig. 7. Test circuit for measuring the Q of an off-center-fed 
Windom antenna. 


Windom frequency the current in the long end pre¬ 
dominates and the antenna appears as in fig. 8B. 
Again the feedline will radiate. 

harmonic operation 

The Windom antenna has a theoretical advantage 
over the balanced, center-fed dipole because the 
Windom will resonate on even-order harmonics or, 
more accurately, on approximate harmonics. 
Because of the end effect , harmonic resonant fre¬ 
quencies are not integral multiples of the half-wave 
resonant frequency. An antenna that is half-wave 
resonant at 3.525 MHz, for example, will have har¬ 
monic resonant frequencies at 7.235, 14.656, 22.077, 
and 29.498 MHz. Note that some of these frequen¬ 
cies are not in an amateur band. Thus, if multiband 
operation is desired, the antenna must be operated 
off-resonance on some bands and might not load 
up well. 

As mentioned in the bandwidth discussion, the an¬ 
tenna may operate satisfactorily at other than its 
Windom frequency, but as a random-length anten¬ 
na. It is also doubtful whether the feedline tie point 
will be sufficiently accurate on the harmonic bands to 
provide a good match. My own measurements indi¬ 
cate that it will not. 

Those amateurs who are contemplating harmonic 
operation of the Windom antenna should read Wrig- 
ley's excellent article on harmonic operation of 
dipoles. 8 My own experience with the Windom, 
though limited, bears out Wrigley's comments. The 
antenna will operate on harmonics, probably not as a 
Windom, but rather as a random-length antenna. 

efficiency and radiation 

The final factors I will discuss are the efficiency 
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and radiation of the single-wire feedline. I have not 
attempted measurements of this type myself, but will 
mention the results from reference 1 which describes 
the work done by J. D. Ryder and E. D. Shipley. 
Ryder and Shipley report that for a 365-meter (1200- 
foot) feedline driving a ?5-meter (50-foot) antenna. 
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0 BELOW RESONANCE 

fig. 8. Operation of the Windom antenna above resonance, 
A, and below resonance, B. Above resonance the current in 
the longer leg loses its effectiveness as a radiator because rf 
current decreases and the antenna degenerates to an end- 
fed single-wire antenna with the feedline as part of the radi 
ator. Below resonance the rf current in the short end de 
creases and the antenna again operates as a random length 
end-fed antenna. 


all the measured losses in the system could be ac¬ 
counted for by the PR loss of the feedline. Radiation 
losses were too small to measure. The accuracy of 
the power measurements was estimated to be within 
4 per cent. Therefore, it appears that the radiation 
from a single-wire feedline operating at its matched 
(Windom) frequency is negligible, while at other fre¬ 
quencies feedline radiation may be appreciable. 

adjusting the antenna 

The biggest problem I found with Windom's QST 
article was his failure to recognize the very complex 
variation of antenna impedance with height and local 
ground conditions; he assumed that the feedline tap 
could be placed on the basis of distance measure¬ 
ments alone. This myth has been perpetuated by the 
ARRL Handbooks and Antenna Manuals, and by the 
Radio Handbook as well. 

With this in mind, the most important question 
facing the amateur who installs a Windom is "How 
do I adjust the antenna?" Basically, there are two ad¬ 
justments to make: 1) the antenna must be cut to the 


desired frequency, and 2) the single-wire feedline 
must be connected to the proper place on the anten¬ 
na to provide a good match for the transmission line. 

The first problem must be solved first — the anten¬ 
na must be cut to the desired frequency (or the actual 
resonant frequency of the antenna must be accurate¬ 
ly known). This is necessary to insure that the anten¬ 
na will present a pure resistive load. 

The method for finding resonance recommended 
by Everitt-Byrne proves to be very simple, yet very 
exact. As discussed earlier for the analog with a par¬ 
allel-tuned circuit, when the tuned circuit is at reso¬ 
nance, the currents in the inductive and capacitive 
branches are equal. In the Windom the rf currents 
can be measured by placing rf ammeters in the short 
and the long sides of the antenna as shown in fig. 9. 
The antenna is resonant at the frequency where the 
rf currents in the two ends are equal. 

If resonance at a specific frequency is desired, 
begin by cutting the antenna about 1 meter (3-1/2 
feet) too long (on 80 meters). Set the transmitter to 
the desired frequency and prune the ends of the 
antenna until the current in the two sides is equal. I 
found I had a strong psychological urge to cut the 
antenna length from the end with the larger current; 
actually, the antenna may be cut from whichever end 
is more convenient. 

If a knowledge of the actual resonant frequency of 
the antenna is all that you want, connect the am¬ 
meters as shown in fig. 9 and vary the transmitter 
frequency until the two currents are equal. 

From a practical point of view, the situation is not 
as simple as depicted in fig. 9. The stresses in a wire 
antenna are considerable and would probably pull 
most meter cases apart. Therefore, a means must be 
devised to take the mechanical stresses off the 
meters. I mounted the two meters in a piece of plexi¬ 
glass and suspended the plexiglass from the antenna 
with spring clips of the type used at the end of dog 
leashes. The antenna is broken with an insulator and 
the single-wire feedline is supported by a second in¬ 
sulator. The photographs show the plexiglass meter 
bracket and how it is suspended from the antenna. I 



fig. 9 Test circuit for determining resonance of an off cen 
ter-fed antenna. When the rf current in the two ends is 
equal, the antenna is resonant. If the current in the long end 
is higher than in the short side, the antenna is too long; if 
the short side current is greater, the antenna is too short. 
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The test meters installed in the antenna as seen from the 
ground. The antenna is not quite at resonance since the cur¬ 
rents are not equal. This was taken with a 200mm lens. 

used 1-ampere meters with an output power of about 
90 watts. The resonant currents were 0.76 ampere on 
80 meters. This value will depend on how far off-cen¬ 
ter the feedline is initially attached. 

When measuring the rf current, if the current in 
the short side of the new antenna is lower than in the 
long side, the antenna is too short; if the long side 
current isgreater, theantenna is too long. See fig. 10. 

I highly recommend that the transmitter power be 
brought up slowly and that you have a friend watch 
the meters to make sure they don't go off scale; ther¬ 
moammeters are not noted for their tolerance to 
overloads. The meters, of course, must be read from 
a distance. I used a 25-power spotting telescope. 
Higher magnification might be better, depending on 
how high your antenna is — try to pick a windless 
day so the meters don't bounce around while you try 
to focus on them! 

Another possibility is a telephoto lens on a 35 mm 


I was able to notice a change of as little as 5 to 7 cm 
{2 to 3 inches) near the resonant point or a frequency 
change of less than 10 kHz (on 80 meters). The pri¬ 
mary factor in limiting the accuracy of this method is 
the problem of reading the meters at great distances. 
Much greater accuracy could be obtained by using 
remote thermocouples — mount the thermocouples 
on the antenna and run leads to the meters on the 
ground — or better yet, at your operating position. 
Unfortunately, remote-reading rf ammeters are very 
expensive and hard to find! 

It is interesting to note that the two-meter method 
of determining antenna resonance is not limited to 
the Windom antenna; it can be applied to other 
dipoles as well. Simply short-circuit the center insula¬ 
tor, insert a second insulator at some convenient 
place, install an off-center feedline and the meters, 
and check. The method can also be used to deter¬ 
mine harmonic resonant frequencies. 

I am surprised that the antenna manual publishers 
have not presented this procedure before; it is rela¬ 
tively simple and straightforward and has been avail¬ 
able since 1929. To the best of my knowledge, the 
only discussion of this technique to appear in the 
amateur literature, since Windom's 1929 article, was 
written by Paul Rockwell, W3AFM, in 1963. 9 

adjusting the feedline 

After the antenna has been cut to the proper 
length, the correct feedpoint can be determined. At 
first glance this appears to be a formidable problem 
since we only approximately know the characteristic 
impedance of the feedline and only approximately 
know how the radiation resistance varies along the 
antenna. However, we do know certain characteris¬ 
tics of transmission lines which are helpful; namely, 
that when a transmission line is terminated in its 
characteristic impedance, 1) the input impedance of 



fig. 10. Determining resonance of the off-center-fed antenna with ammeters in each leg. Current distribution is shown by 
dashed lines. 


single-lens reflex camera. However, I found my 135 
mm lens was much too short to do any good; I esti¬ 
mate a lens 300 mm or longer would be needed if 
your antenna is exceptionally high. 

Using this method of adjusting theantenna length. 


the line is a pure resistance, and 2) the current or 
voltage is constant along the line (neglecting the im¬ 
pedance taper effect along the line). Either of these 
facts may be used to find the proper feedpoint. 

It is absolutely necessary, to make ail feedline tests 
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fig. 11. Dimensions of the experimental Windom antenna 
built by K4KJ. Resonant plots of this antenna for 80, 40. and 
20 meters are shown in figs. 12, 13. and 14, respectively. 


at the resonant frequency of the antenna. Only at 
this frequency will the input resistance of the anten¬ 
na be purely resistive. 

"For my own tests I used a General Radio 916A rf 
impedance bridge to measure the input impedance of 
the line. 10 This measurement could also be made 
with an RX noise bridge such as the one described in 
reference 11. Simply measure the input impedance 
of the line at the antenna resonant frequency, and 
adjust the feedline tap along the antenna until the re¬ 
actance component of the input impedance is zero. 

if an rf impedance bridge is not available, try the 
method recommended by the old timers: if the feed¬ 
line is on the order of a half-wavelength long, insert 
four rf ammeters in the lower half of the line and ad¬ 
just the tap for identical current on all four meters. In 
this case, it will be assumed that the impedance taper 
along the lower half of the line is negligible so that 
line current will be constant. 

If rf ammeters are not readily available, try solder¬ 
ing neon bulbs along the feeder and adjust the tap 
point for a constant brightness. This is best done at 
night, but be prepared for startled neighbors! 

results 

My Windom antenna was configured as shown in 
fig. 11. With this arrangement the results of my 80- 
meter measurements are plotted in fig. 12 which 
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shows the difference between the antenna current in 
the two legs. To remove any variations due to 
changes in rf power input, I referenced everything to 
the sum of the two currents. Taking the absolute 
magnitude of the differences eliminates the problem 
of algebraic sign. 



hon g I short 
hong + hhort 


( 10 ) 


The resonant frequency is where the plot equals 
zero. Figs. 13 and 14 show the same factor for the 
same antenna on the 40- and 20-meter bands, re- 



K4KJ's wife holding the plexiglass meter panel as installed 
in the antenna. The feed-line runs out the bottom. 


spectively. Notice that the resonant 20-meter fre¬ 
quency is above the amateur band. 

The input impedance to the feedline is shown in 
fig. 15 for 80 meters; the input impedance is any¬ 
thing but constant. The reactance is zero a little 
below 3.525 MHz at which point the input resistance 
is 590 ohms. Fig. 16 shows the same factor over the 
40-meter band. Note that the zero reactance point 
falls above the band limits at which frequency the 
input resistance is more than 1000 ohms. This indi¬ 
cates to me that the feedline is not matched at any 
frequency. The input impedance on 20 meters is 
graphed in fig. 17 and the same general comments 
apply. 


fig. 12. Resonance of the 80-meter Windom antenna of fig. Conclusions 

11. as determined by the method described by Everitt and 

Byrne Isee text). As a result of my experiments, I have reached the 
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following conclusions concerning the off-center-fed 
antenna: 

1. The Windom antenna is very simple and eco¬ 
nomical to build and, if the proper procedures are 
used, relatively simple to adjust. 

2. The bandwidth as a true Windom antenna is rel¬ 
atively narrow. The antenna will operate relatively 
well, over a much wider frequency range as a ran¬ 
dom-length antenna, however. 

3. Based on the above data, it is my opinion the 
Windom antenna can be properly matched for on¬ 
ly one amateur band. On other bands, the com¬ 
ments of item 2, above, apply. After reviewing the 
comments of Windom and Ryder to an early draft 
of this article, however, I am not convinced that 
the tap is at the optimum point. It may be possible 
to improve the match on 40 meters. 



fig. 13. Resonant curve of the Windom antenna of fig. 
11 on 40 meters. 


4, Those amateurs whose antenna requirements 
are modest and whose circumstances dictate a 
simple and inexpensive antenna will continue to 
find that the off-center-fed antenna will serve their 

needs. 
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postscript 

The Windom antenna, one of the oldest antennas 
developed for amateur use, has had a complicated 
history, one as interesting as the theory of the anten¬ 
na itself. And the people who have contributed to its 
development are equally intriguing: 



fig. 14. Resonant curve of the Windom antenna of fig. 11 on 
20 meters. Note that the antenna is resonant above the 
amateur band. 


Frank Conrad, 8XK, who started it, is called the 
father of broadcasting. His amateur station became 
KDKA in Pittsburgh, the first broadcasting station in 
the country, 

Vernon D. Landon, one-half of 8VN, went on to 
become an eminent scientist with RCA. He has con¬ 
tributed widely to the advancment of electronics with 
his many very readable papers published in the Pro¬ 
ceedings of the IRE and in the RCA Review . 

Loren "Windy" Windom, 8ZG, for whom the an¬ 
tenna was named, did not, oddly enough, pursue 
electronics professionally, but became a lawyer in 
Ohio. He is still an active amateur. 

John Byrne, who with his thesis partners, E. F. 
Brooke and A. B. Crawford, did much of the actual 
work on developing the antenna, became an out¬ 
standing research engineer and educator. 

John Ryder, now K4IHX, who also worked on the 
antenna as a thesis project, was to become a well- 



fig. 15. Input impedance of the single-wire feedline to the 
Windom of fig. 11 on 80 meters, as measured with a General 
Radio 916A rf impedance bridge. The reactance is zero at 
3.520 MHz. 
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fig. 16. Feedline input impedance on 40 meters as measured 
with an rf impedance bridge. The reactance is zero at about 
7.338 MHz; the resistance at this frequency is more than 
1000 ohms. 


known educator, an author of several electronics 
textbooks, and a president of the IRE. He is an active 
amateur in Florida. 

William L Everitt, as faculty advisor to the 
students who worked on the antenna, contributed 
much to its development. Everitt began his amateur 
career in 1914 as 2ABI; in 1921 he became 8CRI. 
When he decided to go into communications profes¬ 
sionally, he dropped amateur radio because he did 
not want to have the same vocation and avocation. 
Everitt was later to become a prominent author and 
educator. He retired as Dean of Engineering at the 
University of Illinois and is now Dean Emeritus at that 
university. 

Unfortunately, Dr. Everitt has been ill-treated by 
the amateur community. His work on the off-center- 



fig. 17. Feedline input impedance on 20 meters as measured 
with rf impedance bridge. The reactance never falls to zero 
over the frequency range from 14 to 15 MHz. 


fed antenna is largely unknown and certainly unrec¬ 
ognized. Unhappily, the same thing happened to him 
a second time. Everitt was the first to describe the 
use of a pi network as a coupling device. He pub¬ 
lished this work in the Proceedings of the IRE in 
1931 12 and in Communications ; 13 the pi network is 
also described in his book, Communication Engineer- 
ing J 4 Arthur Collins, W9CXX, of Cedar Rapids, 
Iowa, recognized the advantages of the pi network to 
couple the output stage of a transmitter to a trans¬ 
mission line, and used it in his transmitters. This ap¬ 
plication played an important part in establishing the 
reputation that Collins equipment will load up to 
"anything." Collins described the pi network to the 
amateur community in a QSTarticle 15 and in a similar 
article Radio , 16 and the network became known by 
old-timers as the "Collins Coupler" instead of, per¬ 
haps, the "Everitt Easy Loader." 

I believe these are excellent examples of how peo¬ 
ple who have made notable contributions to the ad¬ 
vancement of electronics developed their interest in 
electronics through amateur radio. It would be inter¬ 
esting to be able to look into a crystal ball to see how 
the many young people who are today joining the 
ranks of amateur radio through high school science 
classes, or as CBers, will go on to make significant 
contributions to future electronics. 
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selective receiving antennas: 


a progress report 

An active receiving 
antenna system 
useful from 
75 through 10 meters 
capable of directing 
a null toward 
the interference source 


The concept that man-made interference is a 
receiving problem that can best be handled by im¬ 
proved receiving techniques rather than increased 
power, voice processing, and similar transmitting 
enhancements, can hardly be disputed. While the 
high-power advocate may seem to be solving his 
own difficulties, he can become a major part of the 
problem to the rest of us. 

What to do? One can't always outshout the oppo¬ 
sition. No amount of racket on the frequency can 
prevent signals from point A reaching point 8. Only 
conditions of propagation can do that. What such 
racket does do, however, is drown out and prevent 
copy of the signals from A, unless means can be de¬ 
vised at B to make the interference self-destruct. The 
signal strength produced by a given receiving anten¬ 
na is of little importance compared to the signal-to- 
noise ratio it delivers. And you'd better believe that 
all forms of man-made interference must realistically 
be classified as noise! 


Therefore, under interference conditions, it be¬ 
hooves us to consider the use of a separate special¬ 
ized receiving antenna system. If its signal level pro¬ 
duction should be less than that of the transmitting 
antenna, the difference can usually be made up by 
suitable amplification, without loss of signal quality. 

This article describes an active receiving antenna 
system, useful from 75 through 10 meters, with the 
ability to direct a null toward the source of the inter¬ 
ference. The rejection of unwanted signals that can 
be obtained can often make the difference between 
solid copy and losing the battle with the interference. 

design consideration 

What sort of antenna is indicated for this applica¬ 
tion? Obviously the major requirement is not forward 
gain but the exact opposite: a broad coverage with a 
deep null in the response pattern, which can be 
directed toward the source of interference. Further¬ 
more, you can get many more dB difference in a null 
than in forward gain. Thus, our problem is to devise a 
simple inexpensive system having just those charac¬ 
teristics. 

The familiar phased array with quarter-wavelength 
spacing, although capable of an excellent null, is far 
too cumbersome as a specialized receiving antenna 
for the lower frequency bands. If its elements should 
be brought close together for compactness, mutual 
coupling between the elements increases to a point 
where phasing and power distribution go haywire 
and complicate the problem beyond reason. 

What to do? In the first place, coupling between 
the antenna pickup elements should be minimized by 
making the elements nonresonant. Secondly, an iso¬ 
lating preamplifier following the antenna probe will 
ensure independence of each unit. Thus, each pick¬ 
up element acts as a probe in the electrostatic field of 
the passing wave front. 1 

In an earlier antenna study, a wide range phase 
control (phasor) was developed for pattern control of 

By Henry S. Keen, W5TRS, Fox, Arkansas, 
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a pair of vertical antennas. 2 This phasor, which pro¬ 
vided 180° of continuous phase control, was later in¬ 
corporated in a feasibility study directed originally at 
the 40-meter foreign broadcast problem.3 The result¬ 
ing conclusion was that a useful degree of rejection 
was possible and that further study would be jus¬ 
tified. 

All-band system. In this effort, signals from two 
small, fixed, active antennas with close spacing had 
been combined in a quadrature hybrid, with control 
of phase and amplitude. It soon became apparent 
that, because of the close spacing, 180° phase con¬ 
trol was overkill, and the single-band frequency limi¬ 
tations imposed by the phasor and hybrid were unde¬ 
sirable. Therefore, attention was directed toward the 
development of an all-band receiving antenna system 
without these restrictions. 

Preamplifiers. The first requirement was the de¬ 
velopment of improved preamplifiers to be used with 
the antenna probes. They must be wide band, have 
low noise response, and be stable. In addition to hav¬ 
ing high gain, they must also have very high input 
impedance, compatible with the tiny antenna probes 
with which they would be used (2 foot or 0.6m 
whips). 

To obtain this high impedance, an MPF102 fet is 
employed as a source follower, with feedback to the 
bias network. Although this type of input stage may 
seem to lose signal, the actual power gain is consid¬ 
erable as the impedance level is reduced to several 
hundred ohms. This stage in turn drives a bipolar 
transistor stage, which is coupled to the coaxial out¬ 
put line through a 3:1 stepdown transformer trifilar 
wound on a T50-6 toroid core. 



fig. 1. Method of balancing gain in the signal preamplifiers. 
Balance potentiometer bridges the dc supply. 



fig. 2. Antenna Figure-8 pattern, calculated for 0.05-wave- 
length spacing between antennas. 


Various means were tried to balance the signal am¬ 
plitude of one preamplifier against the other, but the 
method finally chosen was that which had been used 
in reference 3; that is, by controlling the dc voltages 
applied to each one (fig. 1). In this method the two 
preamplifiers are in series, one being fed a positive 
voltage to its npn output stage while the other gets a 
negative voltage to its pnp output stage. 

Identical lengths of coaxial cable were used be¬ 
tween the antenna modules and the signal balancing 
device, so that phasing was obtained mechanically 
by rotating the boom upon which the modules were 
mounted. This eliminated the phasor and resulted in 
a Figure-8 pattern, (fig. 2). 

Antenna pattern. The very sharpness of the null of¬ 
fers both advantages and disadvantages. The rejec¬ 
tion of a local amateur signal, for example, was a 
walloping 60 dB, assuming 6 dB per S-unit. In a 
crowded area where one has problems from "the 
ham down the street" this arrangement may offer 
much-needed relief. Rejection of skip signals was 
less effective, as the multipath propagation effects 
accompanying such signals introduced variations in 
both phase and amplitude relationships of the sig¬ 
nals. This had the effect, particularly on distant 
signals, of making the direction of arrival appear 
to vary. 

It would seem that a reduction in the sharpness of 
the null would improve this situation. Analysis of the 
Figure 8 pattern indicates that signals that deviate 
from the direction of the null will vary as the sine of 
the angle of deviation. A cardioid pattern, on the 
other hand, (fig. 3) should give a response based 
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upon the delay between the time when a signal 
strikes the first antenna and when it reaches the 
second. This parameter should vary as the cosine of 
the angle of deviation, and is therefore less critical. 

Signal combiner. Many different methods of com¬ 
bining signals from the two preamplifiers were also 
tried and compared. For example, a CA3028 dif¬ 
ferential amplifier was built with a balanced output 
transformer, but was found to be unsatisfactory. 
Spurious signals caused by IMD made it clear that 
signals from the antenna modules would have to be 
balanced out before further amplification could be 
used. Too much continuous amplification, particu¬ 
larly in a very broad spectrum system such as this, 
pushes the final stage beyond linearity. Signal reduc¬ 
tion inherent in the phasing-out process keeps the 
amplitudes within limits. 



fig. 3. Cardioid pattern, calculated for 0 05 wavelength an¬ 
tenna spacing. 

The most effective combiner, other than the fre¬ 
quency-limited quadrature hybrid previously used, 
was a toroid input transformer with separated pri¬ 
mary and secondary windings. A bifilar primary was 
used for improved balance. The five-turn secondary 
was close wound and separated as far as possible 
from the primary (fig. 4). 

Each coaxial line from the antenna modules is ter¬ 
minated by a 51 -ohm resistor to reduce mismatch 
reflections that might affect the phase of signals pre¬ 
sented to the differential transformer. 

Common amplifier. The amplifier that follows the 
differential transformer was originally a broadband 
unit similar to the preamplifiers. It was found that 
spurious IMD signals were present, particularly on 20 




o o 

fig. 4. Method of constructing transformer T2 (A), and sche¬ 
matic of output transformer T3 (B). 

meters, caused by out-of-band commercial stations 
causing overloading. At the same time, the overall 
gain left something to be desired. The cure to both 
problems was to place a tuned circuit ahead of the 
common amplifier. The Qof the tuned circuit raised 
the gain to an acceptable level, while at the same 
time rejected signals responsible for the IMD. 

For operation on different bands some means 
must be provided for bandswitching this tuned cir¬ 
cuit. This is what you must do with your transceiver, 
so it doesn't represent any additional operating 
hardships. 

Phasing method. The boom upon which the an¬ 
tenna modules were mounted was approximately 
two meters in length — an arbitrary choice. To ob¬ 
tain a cardioid pattern, the coaxial line from one 
module to the common amplifier should be longer 
than the other by approximately 2/3 of the spacing 
between the antenna probes (allowing for the velo¬ 
city of propagation in the coaxial lines). Once ad¬ 
justed, phasing should be independent of frequency, 
right? Well, not exactly, for allowance is made for 
the fact that signals arrive at different angles from 
the ionosphere, and a minor compensation should be 
provided. Either the phasing extension of the coaxial 
line can be shortened, or the boom can be tilted to 
correspond to the angle of arrival of the signal. A 
compromise angle of 25 degrees was chosen. 


o o 



FOR PNP UNIT GROUND 6. CONNECT 588 
FOR NPN UNIT GROUND 5. CONNECT 6 80 


fig. 6. PC board layout for the preamplifiers (A), and com¬ 
mon amplifier (B). 


22 QB may 1978 





Strictly speaking, signals will arrive at different 
angles on different frequency bands, with different 
heights and with different conditions of propagation. 
However, the exact angle does not seem to be too 
critical. Phase differences in the two preamplifiers 
will likely have a greater effect. With the Figure s 
pattern, there should be two nulls 180° apart. If not, 
the change to the cardioid pattern will not be very 
effective. 

To be able to use either pattern, the extension 
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fig. 5. Amplifier schematics with PC board mounting keys. 
The npn preamp and pnp preamp are shown in (AJ and (B); 
the common amplifier is shown in (Cl. 

should be an extra piece, which can be added to 
either of the feed lines. The angle of signal arrival 
does not affect the Figure-8 pattern. 

As with all antennas, the higher and more in the 
clear you can get it, the better. Other antennas or 
structures in the vicinity can distort the pattern ob¬ 
tained. 

construction 

The amplifier modules were built on PC boards as 
shown in figs. 5 and 6. Transistor sockets were used 
to mount the fets, which were inserted after all con¬ 
nections were completed. Although sockets may be 
dispensed with, if care is used in the assembly pro¬ 
cess, the ability to quickly select and substitute in¬ 
dividual fets to help balance the gain of each module 
is worth the extra trouble. Where balance is as im¬ 
portant as it is in this application, bargain-basement 
transistors are not recommended. Procedures in 
making PC boards have been well covered in the lit¬ 
erature and are not repeated here. Perf board may 
make an equally effective substitute if you're not 
too fussy. 

The preamplifier transformers use 22 turns, trifilar 
wound, of no. 30 (0.25mm) enameled wire on a T50- 
6 core; the windings are connected in series. Toroids 
are conveniently mounted by inserting a small rolled 
cylinder of paper through the center and applying a 


drop or two of cement in the right places. The pre¬ 
amplifiers are mounted in Miniboxes with a porcelain 
feedthrough antenna terminal on one end and a 
UG-625/U BNC connector at the other. Because of 
their light weight they can be supported by the an¬ 
tenna and output leads. 

The common amplifier floats across the power 
supply, operating from the full 12 volts, neither ter¬ 
minal of which is grounded. Note that the output 
transformer of this amplifier has an isolated second- 
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ary winding, rather than being an autotransformer, 
as used in the preamplifiers. 

The differential input transformer and the tuned 
circuit combination is placed in a shield box, made by 
soldering together bits of scrap PC board. At pres¬ 
ent, operation on 20 and 40 meters is covered by 
the tuning range of the trimmer capacitor, although a 
complete bandswitching arrangement is scheduled 
for the near future. The coil could be tapped, or 
shunt capacitors or inductors switched in for opera¬ 
tion on the other bands. The overall schematic of the 
entire system is given in fig. 7. 

preliminary tests 

The common amplifier is first checked out by con¬ 
necting a receiver to its output terminal and a signal 
generator to first one input terminal and then the 
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other. Use a series capacitor to avoid shorting the dc 
on the input connectors. The tuned circuits should 
be checked to ensure peaking on each band. 

Dc voltages on the input connectors should be 
checked as the balance potentiometer is rotated. 
And don't forget to mark the polarity at each con¬ 
nector so that the right preamplifier will be connec¬ 
ted to each. 

An antenna preamplifier is now connected to the 
proper input terminal with a random length of coaxial 
cable. A short piece of wire clipped to the antenna 
connector should pick up strong signals. Repeat the 
test with the other preamplifier. 

When both antenna modules have passed this 
preliminary test, you are ready for the final checkout. 
Both antenna modules are connected to the com¬ 


mon amplifier with equal lengths of coaxial cable. 
Their Miniboxes should be clipped together and the 
antenna terminals fed through a capacitive tee junc¬ 
tion, as in fig, 8. The two antenna terminals should 
not be directly connected together because of the dc 
potential difference between the npn and pnp pre¬ 
amplifiers. 

The signal thus injected into each preamplifier is 
identical in both phase and amplitude, and the bal¬ 
ance potentiometer is adjusted for minimum signal. 
To get a comparison first adjust for minimum signal 
then disconnect one of the preamplifiers. A signal 
increase of from 40 to 50 dB should be obtained. If 
not, you will have to do some troubleshooting. 
Ideally the dc voltages at balance should be equal on 
each preamplifier, but 2:1 may be par for the course. 

This null depth test should be made on all bands 
where the antenna system will be used. If you can't 
get a deep null at this stage, you are not likely to get 
it later. 

Having passed the null depth test, the system is 
ready to be installed. Mark the coaxial lines and am¬ 
plifier terminals, if it hasn't already been done, so 
that there will be no polarity mixup. I found during 
the null depth tests that rejection was better if the 
outer conductors of the coaxial lines were tied to¬ 
gether at intervals of several feet (about 1 meter). All 
these things are better done on the ground before 
the assembly is raised. 

operation 

Tuning up and adjusting a system of this kind can 
be a frustrating experience if you don't go about it 
the right way. For example, you tune in a good 
strong signal and start making adjustments only to 
find that it's in an ssb net, operating VOX, and the 
signals bounce back and forth so fast that you don't 
know which one you are hearing. Or else rapid fade 
makes you think you have a null when you haven't. 
The foreign broadcasters are particularly trouble¬ 
some in this respect. If you try watching the S-meter 
while tuning the antenna, that's no answer either. 
The trick is to reduce the receiver rf gain enough to 
disable the age, and then you can do it by ear. A CW 
or SSTV station may be a better choice. You may 
also find that a test signal fed into a separate antenna 
is a useful aid in adjustment. A TV birdie sometimes 
provides a good test signal. 

The CW man can buy a great deal of interference 
relief with appropriate ’filter systems, but the ssb 
operator, with his wider bandwidth requirement 
must resort to other means. Some little operating 
tricks are helpful. For example many 40-meter hams, 
operating lower sideband among the broadcasters, 
will operate several hundred to a thousand Hz 
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fig. 8. Setup for the null-depth test. 


below beat, letting the steep skirt of the crystal 
filter take out the heterodyne and much of the mon¬ 
key chatter. If the broadcaster is not too strong, 
zero-beat works fairly well, particularly with the re¬ 
ceiver's rf gain turned down so that the age doesn't 
fight you. Often overlooked in interference situations 
is the simple expedient of switching sidebands. After 
all, what is so sacred about lower sideband on 75 
and 40 or upper sideband on the higher frequency 
bands? Frequently it's not only easier to switch side¬ 
bands than to hunt for a clear frequency but there's 
a lot less chance of losing your contact in the 
process. 

closing remarks 

In our battle for better radio contacts much de¬ 
velopment work remains to be done. The directional 
receiving antenna, of which this system is only one 
possible variation, appears to be a promising area for 
study. It is still in the experimental stage and there 
are probably better ways of doing it. Perhaps we owe 
it to ourselves to investigate some of them. 

The major problem in this approach is the method 
by which we balance out one signal against the 
other. Alternative methods, such as the phasor- 
hybrid combination of reference 3, worked very well 
on a single band. Another method that worked 



fig. 9. Alternative balancing method, which has been 
tested. The balancing potentiometer is replaced by a differ¬ 
ential capacitor. 


quite well was to obtain a phase reversal in one of the 
preamplifiers by means of a reversed winding on one 
of the output transformers, coupled with a differen¬ 
tial capacitor ahead of the common amplifier (fig. 9). 
This circuit acted as an amplitude control and elimi¬ 
nated the need for the npn-pnp combination of pre¬ 
amplifiers with the balancing potentiometer. It is 
probably of equal merit with the system described in 
this article, but most of us don't have differential 
capacitors in our junk boxes. 

Yet another possibility, which has not been tested, 
is shown in fig. 10. In phase components would be 
out of phase when arriving at resistor R, while out-of¬ 
phase components would add, as in a lattice filter. It 
would seem that the value of R would have to be 
quite low for good rejection, but the tuning network 
should retrieve a useful part of the loss. 

No single piece of equipment can solve all of our 
problems, and this is no exception. There are times 
when it is very impressive, as well as times when 
conditions of propagation make it less effective. Ad- 



fig. 10. Another alternative balancing system, which has not 
been tested. In phase signals would be out of phase at resis¬ 
tor R, while out of-phase signals would add. The tuning net¬ 
work should compensate for signal loss because of the low 
value of R. 

vantages of as much as 30 dB have been obtained 
when conditions were favorable. This has the effect 
of reducing kilowatts to watts, a worthwhile gain. 
During a contact, when someone opens up too close 
to your frequency, it's most gratifying to turn the re¬ 
ceiving antenna and hear the interfering signal fade 
into the background. It doesn't always happen that 
way as the interference may be in line with your 
contact; however, it's a satisfying feeling when 
it does. 

The forthcoming WARC confab is no guarantee 
that we'll be any better off when it's over. Can we 
afford to just sit around and wait? 
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multiband 

vertical antenna system 

This project started out as a simple installation of a 
Hy-Gain 18AVT/WB vertical antenna. The 
18AVT/WB is a trapped vertical for 80-10 meters that 
uses top-loading to achieve 80-meter operation. The 
ground system began as a single 2-1/2 meter (8 foot) 
ground rod driven in at the base of the antenna with 
the base of the antenna mounted 30 cm (12 inches) 
above the ground. The performance was good 
enough to arouse my curiosity to see what improve¬ 
ments I could experiment with to make the system 
work even better. 

Sincea vertical antenna is no better than its ground¬ 
ing system, that was a good starting point. I began 
by researching the ARRL Handbook 1 and QST for 
grounding information. K4ERO's article on ground- 

By Ladd Seaberg, W0IMCU, Route 1 , Atchison, 
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ing systems for vertical antenna$2 provided the infor¬ 
mation I was looking for. 

The ground system grew slowly, from four radials, 
each 10.7 meters (35 feet) long, to the final system of 
72 radials shown in fig. 1. Theoretically this configur¬ 
ation has a 2 dB power loss on 80 meters at 0.125 
wavelength for 24 radials; a 1 dB loss on 40 meters at 
0.2 wavelength for 60 radials, and slightly less than 1 
dB loss on 20, 15, and 10 meters. As explained by 
K4ERO in his article, it does little good to increase the 
radial length unless you also increase the number of 
radials. 

The radial system was surveyed using a 1910 vin¬ 
tage transit with a large magnetic compass. In my lo¬ 
cation, magnetic north is 8 degrees east of true 
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fig. 1. Layout of the radial system used with WONCU's verti¬ 
cal antenna system for the five high-frequency amateur 
bands. The system uses a total of 72 radials: 24 are 11 meters 
(35 feet} long; the other 48 are 8.5 meters (28 feet} long. 

north. Eight degrees was subtracted from magnetic 
headings so the cardinal radials are on true compass 
headings, 45 degrees apart. 

Long before I finished the ground system, the idea 
of making the antenna system directional kept pop¬ 
ping into my mind. I looked into both phasing3> 4 an d 
parasitic arrays. 5 I wanted to keep the system simple 
but I didn't want to lose its multiband capabilities. I 
finally settled on a three-element parasitic array; it 
would be directional on 20, 15, and 10 meters and 
built in such a way that I could remove the director 
and reflector for omnidirectional use on 80 and 40 
meters. 

construction 

The ground system was built from scrap no. 14 



fig, 2. Relative field strength of the three-element vertical 
beam on 20 meters. The dotted line shows the radiation of 
the center vertical by itself. Front-to-back ratio is 20 dB; 
gain is4.1 dB. 

(1.6mm) and no. 16 (1.3mm) copper wire. An edging 
spade was used to cut a small slit in the grass; then 
the wire was pushed down into the slit. Using this 
method, I didn't have to dig up the whole yard. All 
the wires were terminated on a copper pipe, 30 cm (1 
foot) in diameter and 30 cm (1 foot) tall which was lo- 



Base of the driven element showing the length of large di¬ 
ameter copper pipe used for terminating the radials. Narrow 
slits were cut in the lawn to place 72 radials around the base 
of the antenna. 
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Afjer the antenna was installed and tuned, the base was 
covered with plastic sheeting and crushed stone to give it a 
nice appearance. 


cated at the base of the antenna. (The copper pipe 
was a scrap piece from an old vodka still at the distil¬ 
lery where I work as a chemical engineer; perhaps 
this antenna should be called the "moonshine ver¬ 
tical!") 

The reflectors and directors are built of 25 mm (1 
inch) aluminum conduit with 19 mm (3/4 inch) alumi¬ 
num conduit slipped inside to make a nice fit. The 
eight ground array supports are made of 3.2 cm 
(1-1/4 inch) galvanized conduit. They are 1.2 meter 
(4 feet) long with 75 cm (30 inches) driven below 
ground. A 6.5 mm (1/4 inch) hole is drilled in the sup¬ 
ports at ground level to drain out water. The array 
elements slip easily into the ground supports; good 
electrical connection is made with a 6.5 mm (1/4 
inch) bolt in the elements which slips into a spade lug 
on the ground support (see photograph). A wing nut 
is used to quickly tighten the connection. The spade 
lug on the ground support is in turn wired to the 
radial running immediately below it and to the two 
adjacent radials. The connections below ground are 
wrapped and soldered. 

The RG-8/U coaxial feedline is in a conduit which 
runs underground approximately 11 meters (35 feet) 
from the shack and comes up through the copper 
ground-wire termination pipe. 


tuning and measurements 

The central driven element was tuned for minimum 
swr on all bands starting with 28 MHz and work¬ 
ing down to the lower frequencies, one band at a 
time. The antenna dimensions are quite different 
than those recommended by Hy-Gain because the 
grounding system changes the resonant characteris¬ 
tics of the antenna. 

After this radiator was tuned up, the 20-meter ele¬ 
ments were installed on the ground supports. The 
director was raised and lowered for maximum gain as 



fig. 3. Radiation pattern of the three-element vertical beam 
on 15 meters, as determined by field strength measure¬ 
ments. The dotted line shows the radiation pattern of the 
driven element by itself. Front to-back ratio is 11 dB; gain is 
approximately 5 dB. 

indicated by a field-strength meter; the reflector was 
raised and lowered for maximum null. The front-to- 
back ratio was 20 dB as indicated by the field- 
strength measurements, with 4 dB gain over the ver¬ 
tical without the parasitic elements. This was later 
confirmed by W9HF when I repeatedly turned the 


table 1. Dimensions of the multiband vertical beam and its performance characteristics with the radial ground system shown 
in fig. 1. The base of the driven element is 30 cm (12 inches) above ground. The height of the antenna on 40 meters is 5.11 
meters or 16 feet. 9 inches {from antenna base to bottom of the top hat); the height of the antenna on 80 meters is 6.41 meters 
or 21 feet, 1/2 inch {from base of antenna to antenna tip). 



director 

driven 

reflector 

element 

front-to- 


band 

length 

element 

length 

spacing 

back ratio 

gain 

20 meters 

4.67 m 

3.71 m 

5.59 m 

0.18X 

20 dB 

4.1 dB 


(15'4") 

{12*2-1 /4") 

U8'4") 




15 meters 

2.90 m 

2.58 m 

3.81 m 

0.27X 

11 dB 

5.0 dB 


(9'6"l 

{8'5-3/4"> 

(12*6") 




10 meters 

2.13m 

2.10 m 

2.74 m 

0.36X 

6.4 dB 

5.7 dB 


17') 

{6'10-5/8") 

(9*1 
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beam to and from him as he gave me reports. 

The distance from the driven element to the para¬ 
sitic elements is 3.8 meters (12-1/2 feet) as recom¬ 
mended by W2FMI for his 20-meter vertical beam. 4 
With this element spacing fixed, the front-to-back 
ratio falls off as the frequency is increased, but the 
gain over the single vertical increases. 

Thus, the front-to-back ratio is 11 dB on 15 meters 
with 4.95 dB gain over the vertical. The front-to-back 
ratio on 10 meters is 6.35 dB with 5.68 dB gain over 
the center vertical by itself (see table 1). Even 
though this performance is a compromise between 



fig. 4. Relative field strength of the three element vertical 
beam on 10 meters. Front-to-back ratio is 6.4 dB; gain is 
about 5.7 dB. 


bands, it works out nicely since selectivity is more 
important for a crowded 20-meter band, and gain is 
more important for IO meter DX work. (Comparative 
field-strength measurements for 10, 15, and 20 
meters are shown in figs. 2, 3, and 4.) The 10- and 
15-meter elements were tuned in the same manner as 
the 20-meter elements using trial and error while tak¬ 
ing field-strength measurements. 

WB0SOT helped man the station while I took the 
field measurements and made adjustments to the 
elements. When Joe went back to college in the fall, 

I ran 75 meters (250 feet) of extension cord from my 
operating position out to the measurement site so I 
could key the transmitter and take field-strength 
readings. The readings were taken with a Heath 
HD-1426 relative field strength meter located about 
50 meters (175 feet) from the antenna. 

It is possible to build a combination antenna which 
works well as an 80- and 40-meter vertical and as a 



2IOOO ZI200 21400 

frequency (KHz) 


3 T 



28500 28700 28900 


FREQUENCY (KHz) 

fig. 5. SWR curves for the multiband vertical antenna for 
each of the five high frequency amateur bands. The anten¬ 
na system could also be resonated for use on the CW ends 
of the bands if desired. 

20-, 15-, and 10-meter rotatable vertical beam. It 
competes with the towers even though it is very 
close to the ground. In my opinion, the low-loss 
radial ground system is responsible for its good per- 
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formance. Since there are no conspicuous towers, 
esthetically the antenna rates very high. 

Many times I use the antenna as a single vertical, 
even on 20, 15, and 10 meters. If I hear weak DX sta- 
tions, I install the director and reflector in the appro- 
priate direction. It only takes three minutes to go 
from the shack to the garage, where I have a rack for 
the elements, out to the antenna, and back to the 
shack. The beam can be moved only in multiples of 
45 degrees. However, this works nicely because the 
direction beamwidth is approximately 80 to 90 
degrees. 

In the near future I plan to remove the top hat sec¬ 
tion and install a 40-meter trap. I will then add 
another section {approximately 6 meters or 20 feet) 
for 80 meters. The completed antenna would be 
guyed at the 40-meter trap level with nylon ropes. 
This modification would provide greater bandwidth 
on 80 meters. I would also like to try traps in the 
director and reflector. 




Set up for making field-strength measurements using a 
Heath HO-1426 field-strength meter. The field-strength an¬ 
tenna was located 53 meters (175 feet) from the antenna 
site. 

I was recently talking to a New Zealander on 10 
meters who said, "It sounds like a tidy little system. 
You can take down the director and reflector and 
play croquet or soccer right there on the lawn." I 
assured him that my antenna was very versatile. 

If you talk to someone who says, "Standby while I 
run outside to move my director and reflector," 
maybe you've found someone else crazy enough to 
try a multiband beam only 30 cm off the ground! The 
antenna has been fun to work with and I welcome 
any suggestions for improvement. 
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antenna bridge calculations 


Using a hand-held 
programmable 
calculator 
to increase 
the utility of the 
RX noise bridge 

A true picture of antenna impedance is important 
for maximum radio communications capability. The 
RX Noise Bridge is the most effective and simple 
measurement tool for the task. 1 Whether you use 
this or any other instrument, the final key to success¬ 
ful measurement is understanding and applying the 
complex impedance data. 

The Smith chart is the traditional graphic tool for 
data reduction. It provides easy visualization of im¬ 
pedance and vswr as well as telling you what hap¬ 
pens at the other end of the transmission line. 2 The 
modern programmable pocket calculator and basic 
transmission line formulas, however, will yield the 
same information with ease and better accuracy. 

’ Nationwide discount house price for the HP-25 was $100 in early 1978. 


Using all of these tools results in a better understand¬ 
ing of your antenna and transmission line. 

Hewlett-Packard HP-25 calculator programs are 
provided for all formulas. Other types may be pro¬ 
grammed by following the equations. A program¬ 
mable calculator is recommended as a basic station 
tool; the HP-25 was considered the most cost effec¬ 
tive and easiest to use.* 

RX noise bridge review 

The basic circuit of the RX noise bridge is shown in 
fig. 1. A noise source serves as a wideband, untuned 
generator, and the null detector is a frequency-accu¬ 
rate receiver. Balance occurs when parallel resist¬ 
ance and reactance of both arms are equal. Signal 
output is then at a minimum. A fixed capacitor at the 
unknown connection allows the variable capacitor to 
balance with both inductive or capacitive reactances. 

The RX noise bridge actually measures admittance 
but is calibrated in terms of resistance and reactance. 
This is possible from duality in expressing series and 
parallel forms of impedance. Admittance is a parallel 
of conductance G and susceptance B while imped¬ 
ance is a series of resistance R and reactance X. Ad¬ 
mittance is the complex inverse of impedance and 
vice-versa. In addition, the reciprocals of G and B 
can be used to express admittance as parallel resist¬ 
ance and reactance. The fundamental relations are 

Z = R+jX Y = G +jB Z=y 

By Leonard H. Anderson, 10048 Lanark 
Street, Sun Valley, California 91352 
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Remember that the “f* signifies the imaginary part of 
the complex quantity pair. Impedance can be ex¬ 
pressed in terms of conductance and susceptance by 


Z=[G/(G? + B?)\ - jlB/(G 2 + B 2 )\ (1) 


These are awkward to handle in actual values so we 
can use fundamental identities of Rp-l/G and 
Xp — 1 /B. The "/>" subscript signifies parallel resist¬ 
ance and reactance. The equation can now be ex¬ 
pressed as 


RpX p 2 ] R p 2Xp 

Rp 2 + X p 2 ~ } R p 2 + Xp 2 


( 2 ) 


Note the sign of the imaginary terms. At first glance, 
this might appear that a capacitive susceptance has 
an inductive reactance dual and vice-versa. Not so. A 
capacitive susceptance and inductive reactance are 
positive quantities, inductive susceptance and ca¬ 
pacitive reactance are negative. 

It does not matter which way the parallel suscep- 
tance/reactance sign is used: as long as a parallel ca¬ 
pacitor has a series capacitor dual and a parallel in¬ 
ductor has a series inductor dual, the noise bridge 
can be calibrated to your choice. The RX noise 
bridge by W6BXI and W6NKU uses a negative induc¬ 
tive susceptance calibration and this is carried 
through in the calculator programs which follow. 


simplifying complex 
number operations 

Here is where the scientific calcultor shines; the 
ability to convert from rectangular form to polar form 
and back again makes things easy. Equations 1 and 
2 are unwieldy in that the same values must be re¬ 
entered more than once for conversion of parallel to 
series. A better way is to use polar form in division 
and multiplication. If: 


Z a = Mag a LPha a andZ b = Mag b LPha b 



fig. 1. Basic diagram of the RX noise bridge. A complete de¬ 
scription of this simple but useful instrument is given in 
reference 2. 


where Mag is the magnitude and Pha is the phase 
angle, then 

Z a *Z 6 = (Mag a *Mag b ) L(Pha a + Pha b ) (3) 

It = Hof* L(Pha a ~ Pha b ) (4) 

Another useful property to be used later is 

^r a =sfM^ir d -^ 

If your familiarity with rectangular and polar forms of 
complex numbers is a bit rusty, the rules are: 

Z= R +/X or Mag LPha 

where 

Mag = yjR 2 + X 2 (magnitude) 

Pha = Arctangent (X/R) (phase angle) 

R ~ Mag*Cosine(Pha) (real part) 

X = Mag • Sine(Pha) (imaginary part) 

A real and imaginary part is the rectangular form 
while a magnitude and phase angle is the polar form. 
They are just different ways to express the same 
thing. A calculator can convert forms in a single 
keystroke. 

It may not be clear how all this will help you, so 
lets examine the problem of finding the parallel 
resistance and reactance after you have read the 
bridge dials. The steps are: 

1 . Calculate conductance and susceptance. 

2. Enter G and B into the calculator in proper 
order. 

3. Convert to polar form using the built-in 
function. 

4. Invert the magnitude and change the angle 
sign. 

5. Convert to rectangular form using the built-in 
function. 

6 . Read outrealand imaginary part values R and X. 

Measured values are entered just once. The calcula¬ 
tor does the rest. 

Still unconvinced? Suppose you get a bridge read¬ 
ing of 20 ohms Rp and - 10 ohms for Xp at a particu¬ 
lar frequency. Since these are parallel values, invert 
20 ohms for 0.05 mho conductance and - 10 ohms 
for - 0.10 mho susceptance. Go through the calcula¬ 
tor steps and you will get an R s (series resistance) of 
4 ohms and an X* (series reactance) of 8 ohms at 
step 6 . The 5 subscript is used for series values of im¬ 
pedance so you can keep them separated from paral¬ 
lel duals. 

Eq. 2 will give equal results. R s would come out as 
2000/500 = 4 and X, would be 4000/500 = 8. The dif- 
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TRANSMISSION 

LINE 



fig. 2. Basic transmission line configuration. Z c is the im 
pedance of the generator (transmitter); Z r is the impedance 
of the load (antenna). 


ference is that you have to enter Rp and Xp several 
times during the calculation. Try it both ways with a 
set of readings. Although polar/rectangular conver¬ 
sion is easier, you can make the programmable cal¬ 
culator do most of the work. 

the first program 

Program 1 is used to convert parallel bridge read¬ 
ings into series values of impedance. Steps 01 
through 16 take care of this task. Steps 17 through 
43 are optional and yield vswr at the point of meas¬ 
urement (more on vswr later). 

Parallel-to-series value conversion uses the 
polar/rectangular conversion functions of the calcu¬ 
lator as described before. Susceptance is calculated 
as 2irfC. Since MHz and picofarads are assumed, the 
constant 2t*10~ 6 is stored in Register 6. Data entry 
steps are: 


vswr equations 

Voltage standing wave ratio or vswr is defined as 3 


where 

Pt = 


VSWR ~ I + 

I - IPfl 

ZizZo 
Z t + Z 0 


( 6 ) 

(7) 


p t = complex reflection coefficient at an ar¬ 
bitrary point t on the line 
Z 0 = transmission line characteristic im¬ 
pedance 

Z t = impedance of line at point / 


The difference between Z Q and Z t is that Z t has some 
sort of load on each end. If the load exactly equalled 
Z 0 , then Z t would equal Z Q and the vswr would be 
1:1. Note that eq. 6 requires the magnitude of p t . 

Transmission lines can usually be considered to be 
resistive-only at vhf and below. This makes Z 0 = R 0 
+j0 so, with a bit of algebraic manipulation 


when 

with 


VSWR = ~ s - 

1- p 

P=\Pt\ 


I (R,~ R n f + 

J ( R t + R o ) 2 + X t 2 


( 8 ) 

(9) 


Where R t and X t are the real and imaginary parts of 
Z t in the usual series form. 


1. Press GTO, 0, R/S (only for first set) 

2. Key in frequency, press ENTER 

3. Key in Rp, press ENTER 

4. Key in Cp, press R/S 

The first step is used only to tell the calculator where 
to start in the program. In this and subsequent pro¬ 
grams, steps are arranged so that the last value will 
be displayed after a loop back to program start; you 
just enter the data for the next set and start again. 

Frequency, resistance, and capacitance use the 
stack entry procedure at a single stop. Each time the 
ENTER key is pressed, the stack moves up once. The 
last item of a data set requires only the R/S key to 
begin the program; the last item is already in position 
after key-in. 

The first stop (step 14) will display R s . If you used 
an extender resistor, subtract its value at this stop. 
You would do this anyway and subtraction here will 
make the vswr values correct. Pressing R/S will dis¬ 
play X s at step 16. Pressing R/S once more will tell 
the program to proceed with vswr calculations which 
are displayed after looping back to the stop at step 
01. The calculator is ready to take another stack en¬ 
try for the next data set. 
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Program 1. Converting noise bridge readings to im¬ 
pedance and vswr. 
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z { 


( 11 ) 


Program 1 uses eqs. 8 and 9 in steps 17 through 42 
and requires the value of R a (characteristic im¬ 
pedance) stored in Register 5 as a constant. The pro¬ 
gram also uses R s in place of R t , X s in place of X t 
since the vswr point is no longer arbitrary. 

Some of the program steps may appear confusing 
due to use of register arithmetic functions. This is 
used to accumulate X 2 in Register 1 and the value 
R s + R n in Register 0. If needed, consult the HP-25 
User's Manual for these functions. 

A separate program for vswr could be made by us¬ 
ing only steps 16 through 43. Step 16 would 
become step 01, step 43 would become 28, and no 
step commands would be changed. Stack entry 
would require only R s and X s , 

rotation equations 

These equations are used to calculate an unknown 
impedance at the opposite end of a transmission line. 
The word "rotation" comes from Smith chart usage 
where the measurement point is rotated around the 
chart by a specified wavelength fraction. The 
wavelength is dependent on frequency, physical 
length, and velocity of propagation of the line. 

The basic equations depend on which way you are 
looking along the line. Fig. 2 shows the general case 
where Zi is the load, Z () is the line's characteristic im¬ 
pedance, and Z G is the impedance seen at the 
generator end due to mismatch between Z/ and Z 0 . 
Best power transfer occurs when the transmitter or 
generator has a source impedance equal to Z G . From 
reference 3 the equations are 


Z G ~ 


z L Z ^i. z d. 
Z 0 + Z L Z A 


] 


( 10 ) 



fig. 3. Impedance plots on a 50ohm Smith chart Each of the 
curves is discussed in the text. 


z i~ 


z cr^o z a 

Z o~ Z G Z A 


Eq. 10 is the same as clockwise Smith chart rotation 
and marked there as "wavelengths toward genera¬ 
tor." Eq. 11 is counter-clockwise rotation and 
marked "wavelengths towards load" on the Smith 
chart. Notice that a new complex value of Z A has 
been added. It has the value of tanh(a+jb) where 
a attenuation in nepers or decibels/8.686, and b is 
line wavelength expressed as an angle. 

If you have followed this far, you are probably a bit 
confused. Either equation is enough to make a pro¬ 
fessional engineer seek computer help. Now you can 
understand why Phillip H. Smith invented his famous 
chart in the 1930s when computers were non-exis¬ 
tent. Don't be afraid of the math because you now 
have calculator help. 

The complex hyperbolic tangent of Z A can be bro¬ 
ken down to manageable terms by using some iden¬ 
tities: 


tanh(a +jb) = 


sin h (2a) + js in(2b) 
cosh(2a) + cos(2b) 


Since 

e 4a - ] e la -f i 

smh(2a)= „ 2a and cosh(2a) = 

Then 

Z A = j^ e — \j j (121 

where 

D = e 4a +. / + 2e 2a cos(2b) 
e = 2. 7 J8282 . . . ( base of natural logarithms) 


Z A has now become manageable and has a real part 
R a and an imaginary part X A . Each part can be 
worked on separately and can use built-in calculator 
functions. 

Many calculations can use rotations with lossless 
lines so let's find out what happens when attenua¬ 
tion, a, becomes zero. Recall that anything raised to 
a zero power becomes one. Under that condition, 
the R a value becomes zero via its numerator and 
— tangent(b). 

Before going further, eqs. 10 and 11 have to be in 
a more manageable form. We can use the fact that 
Z Q is purely resistive at lower frequencies so 

r (R l +RaRo)+j(Xl + RoXa) I 

Z G - - _ - R o (13) 

L (Ro + Ri.Ra - X L X A )+ j(R A X L 4 R L X A ) J 

(■ (Rc- R A Ro)+.i(Xc-R a X A ) 1 

L (Ro Rc,Ra + X G X A )-J(R A X C + R G X A ) J 
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Program 2, Lossless line impedance point rotation 
due to line length. 


These may look worse, but they can now be mecha¬ 
nized on the calculator. The numerators and denomi¬ 
nators are complex numbers but a program can use 
the simpler polar division operation for the answer. 
Term grouping and the signs suggest that a calcula¬ 
tor program can be used for both expressions with 
only minor changes. 

lossless line rotations 

This should be limited to low frequencies or short 
line lengths since attenuation is considered zero. It 
has been established that only X A is finite at zero 
loss and is simply the tangent of line wavelength ex¬ 
pressed as an angle. Using degrees and one wave¬ 
length equal to 360 degrees, we can set up a 
constant 

K = 0.366013-!#- =1.20083 !#- (15) 

V P V P 


where 

Lj t = line length in feet 

Lm = line length in meters 

Vp = velocity of propagation of the line 

Velocity of propagation is usually the reciprocal of 
the square-root of the dielectric constant in coax. It is 
different for twin-lead or open-wire line. These can 
be found in handbooks or transmission line tables. 4 

Wavelength is frequency sensitive. Angular wave¬ 
length uses eq. 15 multiplied by the frequency in 


MHz. A lossless line situation is a special case so we 
can use X A = X K - tangent(Kf) with / as the fre¬ 
quency. The lossless line rotation equations are 
simplified 

7 _. = Rl+J(Rq X K+ X lJ 

GL (R 0 -X L XK)+jR L X K 



Zll = 


Rg ~* r j ( X C, ~ Rq X k) 
(R 0 + x g x k)-J r g x k 


Rn 


(171 


the second program 

This was written for eq. 17. Program start and 
stack entry procedures are the same as Program 1. 
Data set entry is frequency in MHz, R G , and X G , in 
that order. The ENTER key is not pressed after keying 
in X G since it is the last item; simply press R/S to 
start. 

Constant K from eq. 15 must be preloaded into 
Register 4. R 0 must also be preloaded into Register 5. 
The first stop at step 38 will display R L ; X G is dis¬ 
played after loop-back to the stop at the first step. 
Another stack entry may be done after reading 

Programming is straightforward but step 31 might 
seem to violate polar division rules in that the angles 
are added instead of subtracted. Step 12 accumu¬ 
lates the denominator imaginary part (Rg x k) as a 
positive quantity in Register 3. After recall at step 18 
and conversion to polar form at step 22, the denomi¬ 
nator phase angle sign is changed. Rather than using 
an extra CHS command, step 31 is an ADD (subtrac¬ 
tion of a negative number is the same as addition of a 
positive number}. 

Steps 33 and 34 multiply the numerator magni¬ 
tude by R 0 to achieve the same purpose as the right 
bracket multiply in eq, 17. Deleting these two steps 
would yield normalized impedance values for the 
result although the data input must be in convention¬ 
al un-normalized form. Program 2 can be written to 
accept a normalized impedance input if the equation 
is re-arranged. 

Program 2 can be easily modified to solve eq. 16; 
just change step 17 to ADD, steps 21 and 31 to SUB- 


table 1. Calculated values obtained from original bridge readings. 


f, MHz 

R p 

C p 


vswr 


3.50 

149* 

—163 

15.93-fj 61.92 

8.15 

30,57-j 95.96 

3.55 

164* 

-163 

20.99 + j 72.14 

7.63 

26,95-j 85.04 

3.60 

202* 

-141 

42.75 + j 91.97 

5.81 

24.29-j 64.62 

3.65 

240* 

-98 

85.91 + j100.28 

4.41 

24.11-j 50.14 

3.70 

129 

-66 

124,14 +j 24.57 

2,60 

28.59-j 30.76 

3.75 

78 

152 

72.35-j 20.21 

1.64 

32.49 -j 10.05 

3.80 

144* 

20 

43.32-j 9.86 

1.29 

41.17 + j 7.54 

3.85 

121* 

-9 

20.92+j 3.19 

2.40 

48.68+ j 44.61 

3.90 

118* 

-39 

16.52 + j 13.14 

3.26 

64.52 + j 69.58 

3.95 

116* 

-65 

12.08 +j 20.97 

4.91 

78.74+ j106.83 

4.00 

117* 

-84 

10.27+ j 27.24 

6.36 

98.80 +j141.22 


* indicates extender-resistor of 100 ohms used 


38 SB may 1978 


















TRACT, and use load impedance at stack entry. This 
can be seen by inspecting the signs of each equation. 

practical example 

The noise bridge dial readings of the W6BXI/ 
W6NKU article are used to illustrate operations with 
Programs 1 and 2; the results are shown in table 1. 
R s , X s , and vswr at the generator are from Program 1 


impedances are found by simply dividing real and im¬ 
aginary parts by R 0 . 

Impedance will change rapidly around resonance. 
For best accuracy, several more readings could be 
taken and calculated where the vswr appears low. 
Two to five times as many readings are possible with 
an accurate receiver frequency calibration. The cal¬ 
culator programs make short work of data reduction. 


table 2. Calculated values from the first example with 0,8 dB line loss and the same impe 
dance readings at the generator end of the line. 


f. MHz 

Zg 

generator 

vswr 

Ra 

x A 

A 

load 

vswr 

3.50 

15.93 + j 61.92 

8.15 

0.4474 

- 1.9267 

8.25 j103.21 

32.02 

3.55 

20.99 + j 72.14 

7 63 

0.4015 

- 1.8021 

8.59 j 

90.87 

25.18 

3.60 

42.75 + j 91.97 

5.81 

0.3628 

- 1.6889 

12.03-j 69.13 

12.26 

3.65 

85.91 + j100.28 

4.41 

0.3299 

- 1.5855 

15.23 j 53.94 

7.27 

3.70 

124.14 +j 24.57 

2.60 

0.3018 

- 1.4907 

23.30 j 33.85 

3.29 

3.75 

72.35 - j 20.21 

1.64 

0.2774 

- 1.4033 

29.45-j 11.27 

1.83 

3.80 

43.32-j 9.86 

1.29 

0.2563 

- 1.3225 

39.44 + j 

8.74 

1.36 

3.85 

20.92+j 3.19 

2.40 

0.2379 

- 1.2473 

43.65 + j 52.91 

2.96 

3.90 

16.52 + j 13.14 

3.26 

0.2217 

-1.1771 

55.37 + i 86.95 

4.52 

3.95 

12.08+j 20.97 

4.9T 

0.2075 

- 1.1114 

55.13 + j 137.54 

8.76 

4.00 

10.27 +j 27.24 

6.36 

0.1949 

- 1.0497 

54.91 + j 189.95 

15.08 


while antenna impedance R L and X L were derived 
via Program 2. The original 60-foot (18-meter) loss¬ 
line line of 50 ohms characteristic impedance and vp 
of 0.66 were used for rotation. Program 2 data entry 
used two-decimal values, quite adequate for nor¬ 
mal use. 

Curves A and D of the Smith chart in fig. 3 are 


operations with lossy lines 

Fig. 4 shows the attenuation in dB per 100 feet (dB 
per 30.48 meters) of common coaxial lines. These are 
nominal since there is slight variation from one pro¬ 
duction run to another, and between manufacturers. 
You can see that attenuation becomes more pro¬ 
nounced at higher frequencies. 


table 3. Calculation of changes due to introducing attenuation pads between the noise 
bridge and the line in the first example. 



no pad 


3 dB pad 


6 dB pad 


f, MHz 

Zg 

vswr 

z G 

vswr 

Zg 

vswr 

3.50 

15.93 + j 61.92 

8.15 

44.15 + j39.56 

2.29 

51.09 + j20.20 

1.49 

3.55 

20.99+j 72.14 

7.63 

50.67 + ]41.99 

2.25 

54.72+ j20.03 

1.48 

3.60 

42.75 +j 91.97 

5.81 

65.48 + j40.45 

2.10 

60.37 + j16.88 

1.43 

3.65 

85.91 + j 100.28 

4.41 

78.26+ j30.64 

1.92 

63.97 + jl 1.59 

1.38 

3.70 

124.74 + j 24.57 

2.60 

77.71 + j 6.51 

1.57 

62.27+j 2.52 

1.36 

3.75 

72.35-j 20.21 

1.64 

60.82 j 8.13 

1.28 

55.28- j 3.66 

1.13 

3.80 

43.32 - j 9.86 

1.29 

46.81 j 5.27 

1.14 

48.45-j 2.73 

1.07 

3.85 

20.92 + j 3.19 

2.40 

32.99 + j 2.19 

1.52 

40.70 + j 1.31 

1.23 

3.90 

16.52 + j 13.14 

3.26 

30.60 + j 9.43 

1.72 

39.54 + j 5.78 

1.31 

3.95 

12.08 + j 20.97 

4.91 

28.59+ JT5.72 

1.99 

38.85 + j 9.80 

1.40 

4.00 

10.27+ j 27.24 

6.36 

28.66+ j20.64 

2.15 

39.51 + jl 2.79 

1.49 


plotted from table 1. Curve A is the measurement 
(or generator) end, and curve D is the antenna end. 
There is a slight difference which is due mainly to the 
resolution of the chart when rotating manually. 
Resolution and manual errors are minimized with the 
calculator programs; wavelength is automatically cal¬ 
culated instead of being a separate operation. 

Note that fig. 3 is a 50-ohm Smith chart and not 
the usual normalized version. This is slightly better if 
you are using a 50-ohm transmission line. Normalized 


Complex attenuation/phase factor Z A must be pre¬ 
calculated to use eqs. 13 and 14 on the HP-25. This 
is a simple task when Program 3 is used and the out¬ 
put data can be tabulated with four-decimal accu¬ 
racy. This data will be used with Program 4 following. 

Program 3 takes advantage of the fact that attenu¬ 
ation variations are small over a narrow frequency 
band. Attenuation is treated as a constant and ex¬ 
pressed as nepers (dB/8.686) stored in Register 7 at 
twice its value. Wavelength constant K is preloaded 
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into Register 6 as twice its value also. Doubling of the 
constants saves program steps. 

The only stack entry is frequency in MHz at step 
01. Real part R A is displayed at step 23 and imagi¬ 
nary part X A displayed after loop-back to the first 
step. Just key in the next frequency and press R/S 
for the next Z A set. 

Program 3 follows eq, 12 but may be confusing 


constant was 2(0.366013 x 60/0.66) = 66.3478 in 
Register 6. Six-place constants were used for accu¬ 
racy. Output data for z A can be to four places. 

impedance masking 
by attenuation 

This has already been stated but another example 
is in order. Let's take the first example again and use 


table 4. Solution of attenuation and test angle or unknown transmission line by open- and short 
circuiting the load end of the line. 


shorted load end open end load 2 U solution 


f, MH* 

R p 

C p 


r p 

C p 

z G 

dB 

6, degrees 

21.0 

190 

125 

17.56+ i 55.03 

310 

- 75 

29.78 j91.34 

1.3315 

37.4396 

21.1 

220 

110 

19.48 + j 62.50 

280 

-85 

25.56 j80.64 

1.3319 

41.1636 

21.2 

250 

100 

20 68 + j 68.86 

250 

100 

20.68-j68.86 

1.2854 

45.0000 

21.3 

280 

85 

25.12 + j 80.02 

220 

-110 

19.15-j62.02 

1.3197 

48.8323 

21.4 

310 

75 

28,78 + j 89.96 

190 

-120 

18.27-j56.02 

1.3396 

52.0243 

21.5 

340 

65 

34.30 + j102.40 

160 

- 140 

15.75-j47.67 

1.3150 

56.2338 


due to extensive use of register arithmetic functions. 
It is a fairly good example of program optimization 
and is worth study just for that reason. 

Change the attenuation constant if tabulating Z A 
for more than one band. Attenuation is proportional 
to physical length and can be found easily from 
fig. 4. 

rotations with lossy lines 

Program 4 is written to mechanize eq. 14. There 
are four items in stack entry: R G , X G , Ra> ar, d X Al in 
that order. Remember that only the R/S key is 
pressed after keying in x A . The first display is R L and 
another stack entry can be done after display of X 
Constant R 0 must be preloaded in Register 5. 

We can use the previous example to show attenu¬ 
ation effects. Assume the same bridge readings with 
the same line length and vp. Now add a total attenua¬ 
tion of 0.8 dB to the line, calculate Z A with Program 
3, and calculate the new antenna impedance with 
Program 4. The data is given in table 2 and the new 
impedance is curve E of fig. 2. Note that E is more 
reactive than curve D. 

If the antenna impedance was actually curve D, 
then the measurements would show another curve at 
the generator end that is closer to the center of the 
Smith chart. This would be a "masking" effect on 
impedance due to attenuation. 

Program 4 can be altered to find the generator im¬ 
pedance from eq. 13 by simply changing steps 25, 
32, and 35 to ADD, step 41 to SUBTRACT. Stack en¬ 
try would use R l in place of R c , and X L in place of 
X G \ R a and X A would remain the same. 

The Z A tabulation used a constant of (0.8/4.343) 
- 0.184204 for a in Register 7 of Program 3; the 2K 


only the measurement end data. Now assume that 
short pads of 3 dB and 6 dB were inserted between 
the noise bridge and line. To calculate this condition, 
Program 3 used a zero line length. X A became zero 
and R a was frequency-insensitive with a value of 
0.332275 for 3 dB, and 0.598474 for6dB. Program 4 
was modified to fit eq. 13 and results are shown in 
table 3 and fig. 2 as curve B (3 dB) and curve 
C (6 dB). 

The original 8.15:1 vswr at 3.5 MHz dropped to 
2.29:1 at 3 dB and only 1.49:1 at 6 dB. This not only 
soaks up power but could fool a swr meter installed 
at the transmitter. Suppose you had a 10-meter rig 
with a total of 60 meters (200 feet) of RG-58/U coax 
feeding the antenna. Total line attenuation from fig. 
4 indicates a line loss of 4.5 dB. An antenna-end mis¬ 
match giving an 8:1 vswr would show up as less than 



fig. 4. Attenuation versus frequency for common coaxial 
transmission lines. 
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2:1 at the transmitter end. Only a calibrated noise 
bridge and careful calculations tell the truth. 

Larger coax for less loss is best at higher frequen¬ 
cies. It also improves antenna measurements since 
there is less "masking"' of impedance; the imped¬ 
ance points move closer to the center of the Smith 
chart with increased line attenuation. 

Impedance masking by attenuator pads is an old 
technique used in microwave bench measurements 
to improve the "flatness" of the source impedance; 
it's also a good idea at lower frequencies. Less ex¬ 
pensive generators vary widely so a pad would make 
the device under test "see" a better impedance. 

Comparison of the plot points of curves A, B, and 
C in fig. 3 will show no change in rotation position. 
The same is true when comparing curves D and E. 
Attenuation changes only the chart position away 
from center even though the tabulated impedance 
seems to change rotation. Rotation is strictly a wave¬ 
length function and is due to frequency, line length, 
and velocity of propagation. 

transmission line quality 

It is common to run across some really juicy bar¬ 
gains in coaxial cable at surplus houses; it is just as 
common to find out there is no known identification 
and the cable probably has different characteristics 
than advertised. Is it good or bad? What is the char¬ 
acteristic impedance? Velocity of propagation? All 
are unknown. On the other hand, perhaps your four- 
year-old feedline is going bad due to weather. 

Fortunately there is a way to find out, and fairly 
simply with an accurate RX noise bridge and another 
program. Just check out the line itself with a short 
and an open at the other end. This sounds too simple 
so let's investigate the theory. 

Call the measured impedance with an open circuit 
Z oc and the measured impedance with a short circuit 
Z sc . From reference 3 we know that 

z 0 = sIz^T sc (18) 

This calculation is easily done manually in polar form 
using eq. 5. Do this over several frequencies and 
average the results. Averaging will dilute errors in 
calibration and dial readings. 

The next problem is to find attenuation and the ve¬ 
locity of propagation. You can take a guess at vp just 
from examining the dielectric. The most common 
type is polyethylene hp = 0.6594); other solid dielec¬ 
trics are close to this value. Foamed dielectrics will 
vary a great deal. The vp guess is best since the line 
wavelength should be an odd multiple of 1 /8th wave¬ 
length. 

Choice of length is better explained by calling at¬ 
tention to the bridge measurement limit contour. The 


shorted-end measurements will be directly opposite 
the chart from the open-end measurements. The RX 
noise bridge cannot measure impedances falling at 
the high-resistance end. The first step is to calculate 

Z u (polarform, = J r ^|^ (19) 

V ^sc'^oc 

From this we can find 

dB attenuation ~ 4.343 Log e (Z u magnitude) (20) 

0, the test angle = ( Z u ang l e) <211 

Eq. 20 uses natural logs, not the base 10 or common 
logarithm. We are stuck with a "test angle" since 
wavelength is not precisely known. Velocity of prop¬ 
agation is found from: 

= 0.366013 fL ft = 1.20083 f L M (22) 

Vp 0 + 360n 0 + 360n 

where 

/ = measurement frequency in MHz 

Lf t = physical line length in feet 
Lm ~ physical line length in meters 
n - any integer number including zero 

We can pin down the value of vp by using eq. 22 with 
several values of n at each frequency. Eqs. 21 and 22 
assume the test angle to be in degrees and only one n 
value will be correct; this can be found by inspection. 

Program 5 was written to mechanize eq. 19. Stack 
entry requires four values; these are obtained from 
Program 1 — ignore the vswr data in this case. The 
first display stop of Program 5 is the attenuation in 
dB. The next display is test angle 0after looping back 
to the first program step. 

example 

You have a 20 meter (65 foot) length of coaxial 
cable that appears to be RG-58/U but the markings 
are unknown. The dielectric appears to polyethylene 
so you can estimate wavelength using eq. 15. K will 
be 36.0759 so it seems that multiplying this by 15- 
meter frequencies will be correct. At 21.0 MHz you 
get 757.670° (2.104 wavelengths) and 21.5 MHz 
gives 775.710° (2.155 wavelengths). Measurements 
are taken every 100 kHz. 

table 5. Velocity of propagation test at different values of n. 


Vp at different n values 


f, MHz 

n = 0 

n = 1 

n = 2 

3 

II 

U> 

n = 4 

21.0 

13.3439 

1.2571 

0.6596 

0.4471 

0.3382 

21.1 

12.1949 

1.2513 

0.6595 

0.4477 

0.3389 

21.2 

11.2081 

1.2453 

0.6593 

0.4483 

0.3396 

21.3 

10.2081 

1.2395 

0.6591 

0.4489 

0.3404 

21.4 

9.7863 

1.2357 

0.6595 

0.4497 

0.3412 

21.5 

9.0960 

1.2289 

0.6590 

0.4502 

0.3419 
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The results of bridge measurements and data from 
Programs 1 and 5 are given in table 4. Note: This 
particular noise bridge had a 500-ohm potentiometer 
instead of the original 250-ohm pot. 

Characteristic impedance is found by manual cal¬ 
culation with eq. 18 and is 

74.49^0.1800° at21.0 MHz 
74.42 £0.1378° at21.1 MHz 
71.90 £0.0000° at 21.2 MHz 
73.78 7.-0.1345° at21.3MHz 
74.60 L0. 1612° at21.4MHz 
73.63 7,-0.1177° at21.5MHz 

The average Z 0 is 73.80 ohms over six frequencies. 
The small angle residue comes from minor calibration 
and measurement errors can be ignored. If it is over 
5° you have done something wrong or the bridge 
limits have been exceeded. 

Average attenuation is found to be 1.3205 dB, 
Trials of n values for vp are given in table 5. This 
table shows that low n values have a steadily de¬ 
creasing vp with increasing frequency while high n 
values have steadily increasing vp. The correct n 
value has vp bouncing around some average value. 
Data at n- 2 is steadiest and the average is 0.6593. 
The guess at polyethylene dielectric was correct. 

This cable example was actually RG-59/U and a 
manufacturer's reject sold as surplus. A check using 
an HP 8507A Automatic Network Analyzer over 
many more frequencies showed that the cable Z 0 
was actually 73.0 ohms and attenuation measured 
1.30 dB. At only six frequencies the noise bridge was 
1.1 per cent high for Z 0 and 1.6 per cent high for at¬ 
tenuation, a very good score for equipment costing 
one-thousandth of laboratory instruments! 

jumping over the 
measurement contour 

The noise bridge is limited at high R s or large X s 
values, A novel suggestion by Dean Straw, N6BV, is 
to use a fixed resistor in shunt with the potentiom¬ 
eter^ This could be plugged into the TUNING arm of 
the bridge and still have the option of using the ex¬ 
tender resistor on the UNKNOWN arm. A problem is 
that calibration must be done very carefully. 

N6BV cites the case of a marine whip antenna hav¬ 
ing an impedance of 10-j400 ohms at 2 MHz. Even 
with the extender resistor, a null is not possible. The 
Rp value would have to be 1565 ohms. Placing a 220- 
ohm fixed resistor across the potentiometer allows a 
null at an R p of 193 ohms. Cp would be - 185 pF and 
at the capacitor limit. 

The need for accurate calibration can be seen by 
comparing the impedance derived from measure¬ 


ments versus required values. A dial reading of 193 
ohms R p and - 185 pF C p will calculate as 
21.24-j392.72 ohms. Correct dial readings should 
have been 192.88 ohms for R p and - 184.96 pF for 
Cp . A very small change in R p gives a very large 
change in R s . 

Another method, more accurate with calculator 
help, is to use an extender line. This is used between 
the noise bridge and the unknown. Length should be 
between 1 /8th and 3/8th wavelength to bring you 
back inside the limit contour. The extender line can 
be measured using the short/open method described 
before, then tagged for reference. 

A small pad can also be used but should not ex¬ 
ceed about 3 dB to retain accuracy. Program 4 is 
then used with the pad added to line attenuation. 
Eighth-watt carbon composition resistors are suitable 
for the pad and the finished unit must be checked 
carefully. 

using an extender line 

The procedure for using an extender line is simple. 
Take bridge readings with the extra line between 
bridge and unknown. Check for good nulls; a poor 
null will tell you that the extra line is either too short 
or too long. Try an extra extender if necessary. Find 
the total line length. 

The first step is to use Program 1 to obtain 
"extended" R G and X G values. The second step is to 
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“look backward" on the total fine to find impedance 
at the desired point. This can be done with either 
Program 2 or 4, each modified to solve for Z L . 
Length for the second step is that of the extender 
alone, not the total line length. The data output is the 
impedance at the desired point. 

Puzzled? The first step brought you within the 
measurement limit contour but the length was longer 
than actual; the impedance was rotated too far in a 
counter-clockwise direction. The second step found 
the correct impedance by clockwise rotation of a 
wavelength determined by the extender line. 

Characteristic impedance of the extender line must 
be equal to the measured line for the two-step proce¬ 
dure. A solution with different impedances is possi¬ 
ble but the math is lengthy. A direct measurement 
without transmission line would use the Z Q of the ex¬ 
tender line. 

An extender line can be of different dimensions as 
long as the equal Z 0 rule is met. A word of caution 
with RG-58/U: Common RG-58/U and RG-58B/U 
have a Z 0 of 53.5 ohms, while RG-58A/U is 52.0 
ohms; RG-58C/U is 50.0 ohms. RG-58C/U is recom¬ 
mended as a general-purpose 50-ohm line since it is 
extra flexible and more durable for test work, 

keeping tabs on 
that new antenna 

Weather takes its toll on all antenna installations. 
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Program 4. Impedance point rotation on lossy lines 
due to line length. 


A good way to locate potential problems is to period¬ 
ically measure the line and antenna. Take readings in 
both good and bad weather; snow, ice, or rain can 
cause impedance changes on good antennas. 

You might be able to catch a line break before it 
happens. A poorly sealed coax can cause erosion of 
the center conductor, changing both the impedance 
and attenuation at one end. Direct cable feeds to ro¬ 
tating antennas can bend and stretch the coax out of 
shape. 

The near-field or Fresnel Zone (about five wave¬ 
lengths from center! can include trees and poles. 
This may cause impedance changes with rotary an¬ 
tennas. Try measurements at different azimuths. Im¬ 
pedance changes will warn you to expect different 
transmitter loading at certain antenna directions. 

Fixed antennas are not immune to change. Trees 
grow slowly and old ones may be cut down. House 
remodelling can cause changes, too. Replacement of 
rain gutters can change the local ground of a rooftop 
mount. In one observed change, a 40-meter vertical 
mounted on a back wall was changed by adding an 
aluminum patio roof. The pattern was also changed , 
but the noise bridge can't measure that. 

the forgotten receiver 

Receiver age can fool the best of us even if the in¬ 
put impedance is grossly mismatched (many receiv¬ 
ers are faulty in this respect). A good communica¬ 
tions link needs best performance in both directions 
so it's a good idea to check your receiver, too. 

If you have one accurate-frequency receiver and it 
was used as the bridge detector, you have to substi¬ 
tute. A general-purpose communications receiver is 
good enough and you can calibrate it using received 
signals from local stations. 

Most receiver designs use preselector tuning of the 
front end. Don't forget to peak the preselector; noise 
from the noise bridge generator is good for this. An 
off-peak preselector will reflect a different imped¬ 
ance. A known input impedance and thorough sche¬ 
matic study will be enough to tell you what to do for 
a best match. 

cautions with high vswr 

High vswr may be unavoidable, but peak voltages 
and currents must be considered in relation to the 
line and matching network. The following rela¬ 
tions help 


Epeak ~ ^nominal VSJVlR 

(23) 

Ipeak = /nominal >/Z VSWR 

(24) 


Nominal values are rms at a perfect match. 
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Program 5. Calculating properties of unknown transmission 
line from open- and short-circuited measurements. 


Assume perfect conditions with a 400-watt trans¬ 
mitter. Line voltage with a 50-ohm load is 141.42 rms 
or 200 volts peak. Line current is 2.8284 amps rms or 
4 amps peak. Now change the load so that the vswr 
is 4:1. 

At a certain line wavelength, the transmitter may 
see an impedance of 200 + jO ohms. At maximum real 
part and minimum imaginary part of impedance, eq. 
23 will apply. Peak voltage is 400 or twice the perfect 
condition. Changing the line length by exactly a 
quarter wavelength wiil change the load to 12.5 + j0 
ohms. Eq. 24 indicates a peak current of 8 amperes. 
Peak values increase by the square-root of vswr at 
both lengths. Both the transmission line and match¬ 
ing network must handle these peaks or breakdown 
occurs. 

Other line wavelengths will present different loads 
to the transmitter. This can be seen by following the 
vswr circle on a Smith chart. A long transmission line 
can have both peaks; voltage breakdown rating is the 
prime consideration. Power handling capability is 
next. It is a good idea to check both from cable 
tables. 4 ^ 6 

If at all possible, try to match at the antenna , The 
reason is peak line current. Center conductor heating 
in coax will increase attenuation in peak current 
regions; heating increases conductor resistance for 

•Tape the transmit switch to receive-only or you can damage the bridge 
and don't forget you need a commercial ticket to adjust the CB transmitter. 


more loss. It is worst in warm weather. Balanced 
lines have a similar condition but its less pronounced 
— impedance is generally higher and the current is 
divided equally in each wire. 

High power impedance may be different at high 
vswr than that measured with low power bridge 
readings. 

baluns and balanced lines 

A balun transformer allows you to check twinlead 
and open-wire lead with the RX noise bridge. How¬ 
ever, the balun itself must be carefully checked since 
it becomes part of the bridge. Checks and calibration 
are done in the same manner as original bridge cali¬ 
bration. 

Impedance-change baluns will affect bridge read¬ 
ings. Both real and imaginary series values must be 
multiplied by the impedance-change value. All other 
programs use the balanced line characteristic im¬ 
pedance. 

Remember to keep away from the field around bal¬ 
anced lines. Measurement errors can be made if you 
are too close to the balun attachment point. You can 
also use Program 5 with balanced lines. A suggestion 
is to suspend the line to be measured by string from a 
rope. A 1-meter (three foot) distance above ground 
should be sufficient. 

other uses 

The RX noise bridge lends itself to any frequency 
in the high-frequency band. It is well within the FCC 
rules for incidental radiation. N6BV cited its use with 
a marine whip; it can also be used to check an SWL's 
long-wire. 

Your CB neighbor might even be won over to ama¬ 
teur radio. Offer to check out the CB antenna and 
g<ve suggestions if the readings aren't good.* The 
double handful of bridge and calculator, plus scratch¬ 
pad and this issue of ham radio (for the programs, of 
course) can be impressive. Just be prepared for a lot 
of questions if friendfy neighbor starts reading the 
magazine! 

references 

1. Robert A. Hubbs, W6BXI, and A. Frank Doting, W6NKU, "Improve¬ 
ments to the RX Noise Bridge," ham radio, February, 1977, page 10. 

2. James Fisk, W1DTY, "How to Use the Smith Chart,” ham radio, No¬ 
vember, 1970, page 16 {reprinted March, 1978, page 92). 

3. Robert A. Chipman, Theory and Problems of Transmission Lines, 
Schaum's Outline Series, McGraw-Hill, New York, 1968 (still sold at large 
paperback stores and a bargain at $5.95. Math heavy but gives all the an¬ 
swers Recommended for serious study). 

4. Doug DeMaw, W1CER, ARRL Electronics Data Book, The American 
Radio Relay League, Newington, Connecticut, 1976. 

5. R. Dean Straw, N6BV, letter to Charles Carroll, K1XX, June 1, 1977. 

6 RF Transmission Line Catalog and Handbook, Catalog TL-3, 1970, Times 
Wire and Cable, Wallingford, Connecticut, 1970. 
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noise bridge calculations 

with Texas Instruments 
Programmable 58/59 calculators 


The description of the RX noise bridge which 
recently appeared in ham radio 1 came at a propitious 
time - I wanted to build a three-element vertical 
phased array for 20 meters and faced the prospect of 
tuning the system with a dip meter! A capable noise 
bridge seemed an ideal answer and the version de¬ 
scribed by W6BXI and W6NKU was successfully 
built and tested. 

Only one problem remained: I had no Smith charts 
to convert the series impedance values at the end of 
the feedline to series impedance values at the anten¬ 
na feedpoint. A little study also revealed that it would 
be difficult to read or enter values with any precision 
in certain regions of the Smith chart. Finally, since I 
normally have five or six frequency-impedance com¬ 
binations to process for each trial antenna length 
(times three for my phased array), the graphical con¬ 
struction techniques using a Smith chart would take 
a very long time. 

the solution — a calculator program 

My solution to this dilemma appeared in the form 
of a newly-purchased Texas Instruments Program¬ 
mable 53 calculator. This remarkable calculator 
packs up to 480 program steps or up to 60 memories 
in a small hand-held unit. (The user may partition the 
available memory between program and data storage 
to suit his needs.) More importantly, the 25-program 
"Master Library Module," a small plug-in element 
containing the equivalent of 5000 program steps, 
provides extensive vector algebra capability; — this 
is precisely what I needed to perform Smith chart cal¬ 
culations. (If you can afford it, the Programmable 59 
possesses even more memory and provides the capa¬ 
bility for storing and entering programs using small 
magnetic cards; this is especially useful for long pro¬ 
grams.) 

A little digging in a local library provided the neces¬ 
sary formulas;^ some rearrangement to suit the prob¬ 
lem led to eq. 1, below. This calculates the equiva¬ 
lent series impedance Z t of the termination of a trans¬ 
mission line (characteristic impedance, Z Q ) of a given 
electrical length X', when the equivalent series input 
impedance Z z is known. 

z Z ° cos — sin ( 1 ) 

1 (Z 0 cos X' — jZ z sin X ) 

Note that all impedances must be treated as vector 


quantities. Once the impedance at the termination 
(the antenna) is known, an additional calculation 
quickly provides the vswr at the antenna 


+ ip'i 

i-\p'\ 


Z t + Z Q 


( 2 ) 


Again, the impedances must be treated as vector 
quantities. 

The program presented in fig. 1 handles all these 
complex calculations in a matter of seconds, includ¬ 
ing the series-parallel impedance conversions and the 
range extender correction described in the original 
noise bridge article. This makes it easy to perform 
many trials on an antenna system in a very short 
time. While the program is long (184 steps), the time 
spent entering it pays large dividends in time saved 
during antenna adjustments. (For the Programmable 
59 owners, magnetic card storage makes this a one¬ 
time concern.) 

program details 

The flow chart (fig. 2) depicts the various modules 
of the program. You should consult the noise bridge 
article for the equations for calculation of Kp, con¬ 
version of parallel to series impedance, and the range 
extender correction. 

The correction factor for the range extender can 
vary with frequency, so register 19 is set aside to 
contain that value. When you have determined the 
exact value, simply store it in register 19 when you in¬ 
itialize the calculator. 

Since you will normally be working with many 
bridge readings taken with the same piece of trans¬ 
mission line, each case after the first does not require 
the input of the line length or its characteristic 
impedance. 

You will notice that the electrical length of the line 
is expressed in radians instead of degrees. When the 
calculator enters the "Master Library Module" pro¬ 
grams 04 and 05 for the vector calculations, it is set in 
the radian mode and remains there upon its return. If 
the equation for the electrical length was expressed 
in degrees, each case after the first would be in error. 


By T. J. Anderson, WD4GRI, 1907 Lodgepole 
Avenue, North Augusta, South Carolina 29841 
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fig. 1. TI-58/59 program for calculating antenna impedance and vswr from RX noise bridge measurements. 


Eq. 3 gives the electrical length, X', in radians. 

V - i3i 

Where 

l = physical line length in meters or feet 
/ = frequency in MHz 
v - line velocity factor 

The factor (0.02095/v or 0.006386/v) is entered in 
register 16. For RG-58/U (i>-0.66), this factor is 
0.03174 for metric lengths (0.009675 for feet). A sub¬ 
routine (steps 200-212) is used in the parallel-series 
conversions to reduce the length of the program. 

using the program 

You should become fairly familiar with your calcu¬ 
lator's programming manual before you attempt to 
enter this program. The 77-5# is a very complex logic 
system. When you are ready, do the following: 

1. Turn the calculator on and enter the program. 
The machine's extensive editing capabilities and 
the program key codes will assist you if difficulties 
arise. 

2. Convert the calculator to the radian mode (2nd 
Rad). 

3. Enter the appropriate constants (see program) 
in registers 15, 16, and 19. 


4. Press CLR and RST. 

5. In order: enter characteristic line impedance in 
ohms, line length in meters (feet), frequency in 
MHz, bridge resistance, bridge capacitance, and 
range extender status, pressing R/S after each 
entry. (Range extender status =1 if the extender 
was used, 0 if not). 

6. After a few seconds the calculator will display 
the series resistance at the antenna; record the 
value and press R/S. 

7. Next the calculator will display the series reac¬ 
tance at the antenna; record the value and press 
R/S. 

8. Finally, the calculator will display the vswr. 

9. If you are using the same transmission line at a 
new frequency, enter the new frequency in MHz, 
the bridge resistance, the bridge capacitance, and 
the range extender status pressing R/S after each 
entry. The results are displayed as before. If you 
are using a different transmission line go to step 
4. (Remember to change register 16 if the velocity 
factor of the line is different.) 

It is very important to verify correct entry of the 
program before use. You can do this by runnning a 
couple of cases from table 4 of the noise bridge arti¬ 
cle. 1 Choose one case using the adaptor and one 
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fig. 2. Flow chart for the TI-58/59 program for calculating an¬ 
tenna impedance and vswr. 


without. If you run into trouble, check the key codes 
versus those appearing in the program. 

summary 

1 have used this program with great success to 
tune my 20-meter array. What would have taken 
weeks to accomplish with Smith charts required only 
a couple of evenings with the Programmable TI-58 
calculator. As you become familiar with the calcula¬ 
tor and the program, you can adapt them to your 
own special needs. I'm sure you'll be very impressed 
with the calculating power this system provides. 

references 

1. Robert A. Hubbs, W6BXI and Frank Doting, W6NKU, 'Improvements to 
the RX Noise Bridge/' ham radio, February, 1977, page 10, 

2, Henry Jasik, Antenna Engineering Handbook, 1st edition, McGraw Hill, 
New York. 1961, pages 31 3 and 31 8, 
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Larsen... 

the e@@tesi5 antenna 
in town 
gives you the 

performance! 


Since the first Larsen Antenna was introduced some 
15 years ago, this basic fact has not changed: 

Larsen Mobile Antennas are designed and built 
to outperform. 

With the introduction of the Larsen exclusive Kulrod 
whip, this superior performance is a fact more 
than ever. 

We’re not going to confuse you with details on 
metallurgy, radiation resistance, plating systems and 
all that. Instead we suggest that you make this 
simple test: 

Take any antenna other than a Larsen... one with a 
regular unplated 17*7 PH stainless steel (.100/.050) 
tapered whip. Apply a good husky signal to it... 100 
watts, for, say, a full minute. Then, power off, feel 
the antenna. Careful! Burn blisters aren’t pleasant. 

Next... try a Larsen Kulrod Antenna. Put it to the 
same test. 


Amazing isn’t it! 

That’s our story. Heat means power... power that isn't 
radiated... power you shouldn’t throw away. With the 
Larsen KGlrod, power goes Into communicating 
instead of heating the antenna. That’s why you can 
HEAR the difference. 


Larsen Antennas are available to fit all styles of 
mounts and to cover Amateur frequencies from 6 
meters through 450 MHz. Write for complete catalog 
and list of dealers nearest you. 



rsen flntennos 



S’ Kulrod Is a Registered 
Trademark of Larsen 
Electronics. Inc. 


11611 N.E. 50th Ave. 

P.O. Box 1686 
Vancouver, WA 98663 
Phone: 206/573*2722 

tn Canada write to: 
Canadian Larsen 
Electronics, Ltd. 

1340 Clark Drive 
Vancouver, B.C. V5L3K9 
Phone: 604/254-4936 
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tree-mounted 

ground-plane antenna 

for 80 meters 


Using elevated 
ground-plane antennas 
you eliminate the need 
for an extensive 
ground radial system 

Even though winter has passed, and solar activity 
is on the rise, 80 meters always provides excitement 
for the nocturnal amateur who craves DX. Many 
amateurs have a desire to erect an antenna that will 
punch through the pile-ups better than the standard 
dipole or inverted V. And, people's thoughts ulti¬ 
mately turn to the vertical antenna with its inherent 
low angle of radiation. However, most amateurs 
discard this idea because of the necessity for an ex¬ 
tensive ground radial system. Having faced the same 
perplexing problem, a viable solution was found in 
Orr's Radio Handbook 1 — his description of a low- 
band ground-plane antenna. Its simplicity and four 
elevated ground radials readily pointed to tree 
mounting the antenna, and with several tall trees on 
the property, my solution was near at hand. 

My initial fear of rf absorption by the foliage and 
oblique branches was dispelled by the realization 
that at the 80-meter frequencies the wavelength is 
much too long. There would be some inductive 
coupling to the tree trunk, which is conductive to a 
degree, especially when the sap is flowing, but the 
effect is negligible. 

The first hurdle was mounting the 18.9 meter (62 
foot) vertical section 4.6 meters (15 feet) above the 
ground in a maple tree only 18.3 meters (60 feet) 
tall. I came to the conclusion that since Marconi's 
original grounded antenna was in the shape of an in¬ 


verted L, my tree-mounted version could have a bent 
top section as well. An added benefit of the bent top 
is the additional capacitance which makes the anten¬ 
na appear electrically longer. 

construction 

The first ground plane was constructed in my 
basement using no. 12 AWG (2.1 mm) insulated wire 
for the vertical section and ground-plane radials (fig. 
1). From past experiences, I'd learned that insulated 
wire considerably reduces precipitation static and 
has no noticeable effect on the radiation or reception 
of signals. 

I designed the antenna for 3.8 MHz by using the 
standard quarter-wavelength vertical formula of: 

vertical element length = 

/(MHz) meters 0T f(MHz) f eet 

Since the horizontal portion tended to top load the 
antenna, the antenna resonated at 3785 kHz, slightly 
lower than the design frequency. This was of little 
consequence because of the broadband character¬ 
istics of the antenna. 

The four radials were cut 2-1/2 per cent longer 
than the vertical radiator. Each was soldered to a 
mounting hole of an SO-239, with the quarter-wave 
vertical section soldered to the center pin of the con¬ 
nector. For mounting and tying down, small ceramic 
insulators were attached to the ends of the ground 
radials and quarter-wavelength vertical section. 

mounting and installation 

Mounting the antenna in the maple tree was much 
easier than I had anticipated. After deciding where 
the antenna would fit with no obstructions to the 
spreading ground radials, I used the bow and arrow 
technique to thread a small fishing line over the ap¬ 
propriate branch. Adding weight to the tip of the 

By Joseph D. Liga, K2INA, 1 Stirrup Lane, 
Eatontown, New Jersey 07724 
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arrow will ensure a vertical descent and prevent 
hang-up in the branches. 

With 36.5 meters (120 feet) of plastic clothes line 
attached to the monofilament line and also the radia¬ 
tor of the antenna, it was then easy to pull the rope 
through and subsequently raise the antenna base 4.6 
meters (15 feet) above the ground. As a result, the 
top portion of the quarter-wave section extends 
about 4.6 meters (15 feet) from the top branches, 
slanted towards the point of tie down. I attached the 
clothes line as high as possible in a nearby tree to 
minimize the slant of the bent top. 

Since most of the antenna current flows in the 
lower half of the vertical quarter-wavelength section, 
the entire upper half can be bent over without serious 
degradation. It should be noted that the longer the 
flat top or bent portion, the greater will be the top 
loading, and consequently, the lower the resonant 
frequency. 

The radials were slanted to tie points about 1.5 
meters (5 feet) above the ground, and spaced ap¬ 
proximately 90 degrees apart. They also serve as 
guys to stabilize the base of the antenna, but should 
not be brought too close to the ground because the 
electric field must be confined between the vertical 
radiator and the groundplane, rather than the lossy 
ground. The return current will then flow in the high¬ 
ly conductive groundplane radials with little power 


The first ground plane antenna, but with six radials instead 
of the original four. The spiral at the base of the antenna is 
plastic line taped to the base portion for reinforcement. 




fig. 1. Diagram of one of the tree-mounted ground-plane an¬ 
tennas. The radials are spaced approximately 90 degrees 
apart and slope at an angle of about 20 degrees from the 
horizontal. 

loss. This is an important consideration close to the 
base of the antenna, since the current is at a maxi¬ 
mum. If the base of the groundplane must, from 
necessity, be located a short distance above the 
ground, additional radials (at least four more) must 
be installed for efficient operation of the antenna. 
Even spacing of the radials provides a more effective 
groundplane. 

A few words of caution are in order here. The end 
of each radial is at a high rf voltage point. The posi¬ 
tion where a radial is tied down should not be in a 
location where it can be accidentally touched. 

base impedance 

The impedance at the base of a ground-plane an¬ 
tenna is about 35 ohms with horizontal ground- 
plane radials, but will increase as the radials are 
sloped downward. A slope of 45 degrees from the 
horizontal will raise the base impedance to about 50 
ohms. However, a 45-degree slope is quite difficult to 
achieve in an 80-meter tree-mounted version. My 
radials slope at an angle of 20 degrees, producing a 
base impedance of 40 ohms. Attempts to lower the 
radials or increase the droop did not significantly 
change the impedance. By using a 50-ohm, low loss, 
coaxial cable, the 1.25:1 mismatch is of little con¬ 
sequence. 

initial testing 

The tree-mounted, ground-plane antenna per¬ 
formed beyond my expectations. It loaded up beauti¬ 
fully and the swr at the end of a one-half wavelength 
of transmission line was close to the expected 1.25:1. 
At the band edges, the swr did not exceed 2; 1, which 
verified the broadband characteristic of the antenna. 

On the first night of extensive on-the-air tests. 
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fig. 2. Horizontal radiation patterns for the pair of phased ground planes, spaced one-half wavelength apart. Pattern A is with a 
phase difference of 90 degrees, B with 180 degree phase difference, and C, no phase difference. 


contacts into Europe showed the ground-plane to be 
one S-unit stronger than my sloping quad antenna. 2 
Subsequent European contacts, and a later contact 
with ZL2BT, confirmed the superior performance of 
the ground-plane antenna. 

During several weeks of operating with a single 
ground-plane antenna, I found that the horizontal 
portion of the vertical element provided an advan¬ 
tage I had not anticipated. It contributed sufficient 
high angle radiation to permit good short skip con¬ 
tacts. Although the sloping quad was the superior 
antenna for short and intermediate skip, the ground 
plane held its own. 

phasing distance 

I followed the reasoning that if one ground-plane 
antenna worked well on 80 meters, then two anten¬ 
nas should perform better, especially a pair properly 
phased. Using this as the basis, I began pacing dis¬ 
tances between the tall trees on the property, and 
found another maple 39.6 meters (130 feet) from the 
tree supporting the ground-plane antenna. At 3.8 
MHz, 39.6 meters (130 feet) is approximately one- 
half wavelength since: 

X/2= J(Mm meters or J(MHz) f eel 

The second maple tree was over 16.5 meters (55 
feet) tall, and before long, another ground-plane an¬ 
tenna was constructed and installed in the same 
manner as the first. 

phasing the antennas 

Since simplicity was the byword in constructing 
and mounting the antennas, I planned a simple sys¬ 
tem of phasing. By design, I cut the length of the two 
transmission lines to make them 90 degrees out of 


phase. In this case, the length of coaxial line to the 
first antenna was 1/2 wavelength at 3.8 MHz, and 
the length of line to the second was 3/4 wavelength 
at the same frequency. After initially cutting the 
coaxial lines a little long, I grid dipped and pruned the 
lines to their exact electrical lengths. 3 With both 
coaxial lines fed from a common feedline, the anten¬ 
nas were then 90 degrees out of phase. This relation¬ 
ship produced a pattern with a broad forward lobe to 
the Northeast, and a minor lobe to the Southwest 
as shown in fig. 2. 4 Now it was just a simple matter 
of cutting a half-wave phasing line to make the 
antenna system perform the same in the opposite 
direction. 

One method of phasing antennas is to have equal 
electrical lengths of coaxial line from each antenna to 
the operating position. Then it is a simple procedure 
to use a quarter wavelength coaxial line to switch 
directivity. With the high cost of coaxial cable, it 
may be desirable to space the antennas one-quarter 
wavelength apart, and use a quarter wavelength of 
coaxial line from each antenna to a coaxial relay. 
This method permits the use of a single coaxial line 
from the relay to the operating position. Also, when 
quarter-wave spacing is used, the horizontal plane 
radiation is in the form of a cardioid (broad heart- 
shaped) pattern, providing a better front-to-back 
ratio as shown in fig, 3. 

matching 

As mentioned earlier, the impedance measured at 
the base of each antenna was 40 ohms. Feeding the 
antennas with 50-ohm coaxial lines presented no 
major problem when each antenna was used sep¬ 
arately. However, when the two coaxial lines were 
joined at the coaxial-tee connector, the resultant im¬ 
pedance was about 20 ohms. The 2.5:1 mismatch 
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presented no problem in antenna operation or am¬ 
plifier loading. In addition, the loss caused by an swr 
of 2.5:1 in 30 meters (100 feet) of RG-8/U at 4 MHz, 
is a fraction of a dB and can be ignored. 5 

For those who do have loading problems, it might 
be desirable to use a 70-ohm coaxial line from each 
antenna to the coaxial tee connector. This line must 
be one-quarter wavelength long or odd multiples of 
a quarter wavelength. Each line acts as a quarter- 
wave matching transformer (Q section). Assuming a 
50-ohm base impedance, the matching sections 
transform this up to 100 ohms, giving you a 50 ohm 
impedance when the lines are joined together. 

performance 

After three years of constant use, the phased 
ground-plane system consistently outperformed my 
sloping quad and new delta loop. 6 Despite the minor 
lobe to the rear, I've experienced a 10 to 15 dB front 
to-back ratio. The very broad major lobe provides ap¬ 
proximately 120 degrees of effective coverage. The 
minor lobe to the rear, although contributing to some 
QRM and noise from the undesired direction, can be 
used to an advantage when rapid switching of di¬ 
rection is not possible. 

Receiving with the phased ground-planes was a 
new experience. Unreadable signals on the loop an¬ 
tennas became Q-5 on the phased ground-planes. 
Precipitation static was never bothersome during the 
heaviest rain or snowfall. The capability of the an¬ 
tennas to accept high-angle as well as low-angle 
signals provided additional versatility when simulta¬ 
neously operating with stations close by and far off. 
The very broad major lobe contributes little front-to- 
side rejection. This characteristic provides advan¬ 
tages as well as disadvantages. I used a quarter- 
wavelength phasing line to change the radiation pat¬ 
tern to an in-phase broadside array, or a 180 degree 
out-of-phase, end-fire array as shown in fig. 2. 

A loop antenna normally accepts less atmospheric 
noise than a dipole or similar antenna, due to the 
noise cancelling effect of the closed loop. However, 
over a period of three noisy summers, I experienced 
a greater signal-to-noise ratio on the phased ground- 
planes than with the loop antennas. The phased 
ground-planes are certainly more susceptible to man¬ 
made noise, due to its predominant vertical polar¬ 
ization. 

conclusion 

As can be expected with any antenna system, im¬ 
provements are attempted. Some succeed, while 
others do not. I found that increasing the number of 
radials from four to twelve slightly improved antenna 
performance when transmitting. On receiving , the 
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fig. 3. The unidirectional cardioid pattern is produced by 
spacing the antennas one-quarter of a wavelength apart and 
using a 90 degree phasing line. 


improvement was quite noticeable from a standpoint 
of signal-to-noise ratio. The base impedance of the 
antennas decreased slightly due to the increased 
current in the additional radials. 

I also tried connecting the ends of the sloping 
radials where they almost overlap between antennas. 
The rationale was to provide a common ground- 
plane. This experiment was a failure, since each 
antenna must operate independently, coupled only 
by their fields. 

It would appear that the antennas are a bit un¬ 
sightly with the radials fanning out in all directions. 
On the contrary, I had to point out the antennas to 
several visiting amateurs who had difficulty spotting 
them from the operating position. 

And finally, I want to express my gratitude to all 
the US and foreign amateurs who patiently con¬ 
tributed their time during the months of checking 
and testing the antenna system. 
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design of 

omega-matching networks 


A straightforward 
procedure for 
designing 
antenna networks 


The omega network has been used for years, 
mostly by amateur experimenters, to match a coaxial 
line or open-wire feedline to a thin, linear antenna 
element as shown in fig. 1. Although this matching 
network looks somewhat like the more common 
gamma network, two capacitors are used. In this il¬ 
lustration L is the length of one-half of the driven di¬ 
pole element (or total length of a monopole element). 
The dimension In is the length of the omega-match¬ 
ing rod and is the same as a gamma matching rod; S 
is the center-to-center spacing between the omega 
rod and a parallel driven element. 

The reactance Xq is the shunt omega capacitor at 
the omega-rod feedpoint. X c is the series capacitor 
used to tune out any reactance in the antenna sys¬ 
tem's input impedance. R 0 is the characteristic resist¬ 
ance of the coaxial transmission line, which is as¬ 
sumed, for the purposes of this discussion to be 
lossless. 

The practical omega match shown in fig. 1 (less 
capacitor X c ) can be represented by the simple block 
diagram of fig. 2. In this diagram H z is the imped¬ 
ance step-up ratio, Z fl is the antenna impedance, X$ 
is the reactance of the omega rod, and Xq is the re¬ 
actance of the omega capacitor. The antenna imped¬ 
ance step-up ratio, H z , is a function of the diameters 
of the omega rod and driven element, as well as the 
spacing between them and is given by the following 
formula: 1 


H ? = 


n 


(cosh-1 

\ 4Sd ) 

C0Sh -rw+D^w 


4SD 


) 


where D is the diameter of the driven element, d is 


the diameter of the omega rod, and S is the spacing 
between the two. This factor is plotted in normalized 
form in fig. 3 for omega match designs. In plotting 
this graph it was assumed that H z is at least 4:1, a re¬ 
alistic assumption in most amateur applications. 

The quantity Z a is one-half the total input imped¬ 
ance of a balanced antenna and is equal to 

Z ' 

Z a =~§- = Ra ohms 

where the quantity Z a ' is the antenna driving point 
impedance. 

The reactance of the omega rod, X s , is equal to;Z 0 
tan kin ohms when the quantity kin is less than 90 
electrical degrees as will be assumed here and 
k = 2r/\ radians per meter. The impedance of the 
omega rod in air, Z Q is given by 

Z 0 - 60 cosh 7 — 2Dd ohms 

where 

D = diameter of antenna driven element 
d = diameter of omega rod 
S = center-to-center spacing between the 
omega rod and the parallel antenna 
driven element 

Fig. 4 shows a graph of Z Q plotted as a function of 
normalized values of S/D and D/d . 



I fig. 1. Layout of the basic omega match. L is one-half the 
length of the driven dipole. X Q is the omega capacitor, and 
X c compensates for the inductive reactance component ap¬ 
pearing at the omega rod input point. 

By Harold F. Tolies, W7ITB, Box 232, Sonoita, 
Arizona 85637 
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The length of the omega rod is approximately 


, (Mq)° (kfa)° 

In - cm- inches (11 

0-01233f MHz 0.03188f MIh 


From fig. 2 the complex antenna system input im¬ 
pedance, Z } , may be written as 


Z t ~ M L\j/ oh ms 


( 2 ) 


Where 


(X U X S H l s/RT+Xt) 


oh 7US 


sl\H z R a (Xn + 4- I H z X a (X n \ XJ f XqX ,12 


i p- tan ‘ ; 


(XQ+XJH z (R a + XJ 


X i} X s R (l 


X a 

R a_ 


degrees 


For eq. 2 to match a high-frequency lossless coax¬ 
ial transmission line with a characteristic resis¬ 
tance, R 0 , 


M cos \p = R 0 ohms 


(3) 


By using the above substitutions and manipulating, 
the solution may also be written as a quadratic in Q 
whose positive discriminant root is 


Q- A -f \JA 2 + B ohms 


(4) 



fig 2 Equivalent circuit of the omega matching system 
shown in fig 1, Z u is one half the dipole input impedance, //. 
is the impedance step up ratio, X 5 is the reactance of the 
omega rod, and \, t is the reactance of the omega capacitor. 


Where 


B = 


H z (X s + Xq) 

_Ro*a 

H z R a ~ R 0 

Ro(R 2 a + XD_ 


H z R a Rq 


Equation 4 has the restriction that the negative sign 
of Xq must be larger than the positive sign of X s (in 
this assumed case) and that 


H 2 > -£■ numeric 



fig. 3. Matching network's impedance step up ratio, ll v as a function of element diameters and spacing. D is the diameter of the 
dipole element, d is the diameter of the omega rod, and S is the center-to center spacing between them. 
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fig. 4. Characteristic impedance of the omega rod. Z 0 , as a function of element diameters and spacing. 


In the above definition of Q when Xg is infinite 
(open circuit), the solution of Q is exactly the same 
as that for a gamma-matching network 1 because it 
can be seen from inspection that when Xg = op, the 
gamma and omega matching networks are identical. 

Once Qin eq. 4 has been determined as a function 
of A and B (i.e., R 0 , H z , R a , and X a ) the solution for 
Xq and X s appears to be an arbitrary one of two cir¬ 
cuit elements Xq and X s in parallel or 

x 5 Xo 

HzQ— k' “ ——ohms\X Q \> \X S \ (5) 

A graph of this equation, for various values of H £ Q 
is plotted in fig. 5. In fig. 6 is plotted a graph of the 
omega rod reactance X s as a function of the imped¬ 
ance of the omega rod, Z ot the omega rod length kl$. 


For eq. 2 to provide a reactive component equal in 
magnitude but opposite in sign to X c in fig. 1 


M sin \p =— Xc ohms (6) 

Combining this with eq. 3 yields 
X c - — R 0 tan\p 


Ro 

Ra 


(X Q +X s )H t (R 2 a +Xl) 


XqX s 


+ x a 


ohms 


And, combining with Q, 

XC= ~ 2tJC c 


= _ R 0 

Rn 


R 2 a + X 2 a 


+ X r , 


ohms 
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- OHMS (NEGATIVE) 


fig. 5. Relationship of the reactance of the omega rod, X 5 , and reactance of the omega capacitor, X Q , as func¬ 
tion of the product {see text). 


From which 


/-> - W 6 . IT' 

Cc = — — - pF 

2*(E + F)f MH / 


3. Use fig. 6 to determine a practical, realistic 
value of omega rod reactance, X s , vs the rod's im¬ 
pedance, Z 0 , and length, kl g. 


Where 

E= RJRi+Xi) ohms 
F =*&L “ 0 hms 

H a 

design procedure 

When designing an omega-matching network it 
might seem that the following procedure could be 
used with good success: 

1. Use the graph of fig. 3 to select a transforma¬ 
tion ratio H z vs the desired S/D and D/d where 

H Z >R 0 /R a . 

2. Use fig. 4 to determine the impedance of the 
omega rod, Z 0 , from the S/D and D/d ratios 
selected in step 1. 


4. When kl^ is known in degrees from fig. 6, the 
physical length of the omega rod, fa, may be cal¬ 
culated from eq. 1. 

5. Calculate Qfrom eq. 4. When this value of £) is 
multiplied by H Z/ you can select the correct // Z Q 
line on fig. 5. This provides the reactance of the 
omega capacitor, Xq, at the bottom of the graph. 

6. The value of the omega capacitor in pF is calcu¬ 
lated at the frequency of interest using eq. 8 . 

The problem with this design procedure is in the 
selection of a "realistic value" of the omega rod reac¬ 
tance in step 3. That is, should X s be selected large 
so Xq is large, or should X 5 be selected small so X^ is 
small? In gamma-matching networks (the same ome¬ 
ga-matching networks with Xq=oo, as noted 
above), it's desirable to make X s large to minimize 
the IR losses. In the omega network the current I is 
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divided between X^ and Xq so the answer may not 
be so readily apparent. 

The answer will become apparent, however, if two 
vector graphs are plotted so the currents can be ex¬ 
amined for the two cases. The two vector graphs, 
figs. 7 and 8, assume the same rf power, antenna 
driving point impedance, Z a ' as well as H z and R 0 . 
Fig. 7 uses a gamma-matching network as an exam¬ 
ple of Xg= oo, and fig, 8 shows an omega-matching 
network with |Xg| = \2X S \. 

These two graphs give complete insight into the 
operation of both the gamma- and omega-matching 
networks. For any particular antenna impedance 
H z Z a to resistively match a transmission line through 
a series capacitive reactance, it's necessary that the 
antenna impedance, together with the impedances 
of its shunt correcting elements, provide a complex 
input impedance with a positive angle; also, the mag¬ 
nitude of the real part must be equal to the character¬ 
istic resistance of the transmission line, and the ima¬ 
ginary part must be equal but opposite in sign to the 
series capacitive reactance. With this in mind it 
shouldn't be surprising to see that the magnitudes of 
Vm, Iin . Vxs. VHzRa. ^HzXa, and I a of the gamma 


match in fig. 7 are the same as Jhose for the omega 
match in fig. 8. 

The difference between the two matching net¬ 
works is that I Xs > n the gamma network is the vector 
sum of I Xs and I x q in the omega network. From this 
it is obvious that I Xs in the gamma network is less 
than I Xs in the omega network, and that the magni¬ 
tude of X s in the gamma network is greater than the 
magnitude of X s in the omega network. 

The omega network is easier to design than the 
gamma network because the only restriction upon X s 
in the omega network is that it must be iess in magni¬ 
tude than it is in the equivalent gamma network. In 
the omega network the difference between the two 
values of X 5 can be compensated by adjusting the 
value of Xq. Because of this, the rod length kin in the 
omega network can be made shorter than /t/p of the 
equivalent gamma network. 

At the lower operating frequencies where the 
length of the rod is apt to be very long, the omega 
network has merit. However, it is likely that the effi¬ 
ciency and bandwidth of the omega network will be 
less than the equivalent gamma network because of 
the higher IR losses in omega network's reactance 
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P 4(t * 10 WATT 

2 * % • s0 ^l onus 

H f / 0 * U 17-/1.3) • 7B 74 Xtilf OHMS 
*, « * 60 95 OHUS 


\ZS4S5TU9tO 

VOLTS 

**fig. 7. Voltage and current distribution of a gamma¬ 
matching network designed to match a 50-ohm coaxial line 
to a 10-element beam (Z u = 7-j1.5 ohms}. Voltage and cur¬ 
rent values are based on a power input of 1 watt. 

X s . Any predication on the fact that these reactive 
circuit elements are lossless is rather naive! 

The double omega for what I call the theta net¬ 
work) can be used to match a balanced two-wire 
transmission line to the driven element of a balanced 
dipole. In this case the balanced line characteristic re¬ 
sistance R 0 ' is halved to R 0 , and the solutions to 
each arm are X u X{\, and X c in terms of R 0 , H zt R a , 
and X a . The results are merely imaged or flipped over 
to the other arm of the theta network. 

reference 

1. Harold Tolies, W7ITB. "Gamma Match Design," hum radio. May, 1973. 
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DISC-CAP HAS MOVED! 


RF Power Meter - identical to HP Model 430C 
* Read article April 77 HR Mag., Pg. 44 for 
use. Copies of article available on written re¬ 
quest. Our special purchase is your gain at 
$34.95 ea. Note: This is Gen'l Microwave, 
451. Bolometer/thermistor mount available 
with purchase. $45.00 


Audio Compressor AN/GSA-33 • 

Five identical plug-in compres¬ 
sor amps with power supply in 
19 inch rack. All solid state, 

600U in & out, great for auto 
patch and phone patch. Weighs 

less than 30 lbs, Built like a battleship. $34.95 

28 volt, 18 amp Regulated Power Supplies (110V In) $75,00 

RECEIVERS 

Collins 651F-1, 2 to 30 MHz in 100 cycle steps, digital tuning, 
USB/LSB/ISB. Stability: 1 part in 10 8 . Completely remote 
controlled, with all racks, connectors, control head. $1400.00 
R-388/51J — Collins 0.54 to 31 MHz $375.00 

R-390A — 0.54 to 31 MHz, overhauled complete $595.00 
SPECIAL! R-390 with CV591 SSB Converter and outboard audio 
amp. All in neat 19" rack. Speciall $500.00 

RACAL Model 6217A, 980 kHz. 32 MHz, All Solid State, takes 
about 3 inches of rack space, digital tuning $1600.00 

LTV GUI Panoramic Recvr includes CRT display, 100-150 MHz 
with converters. Will make a fine spectrum analyzer. $150.00 

fr CH d} f—V h TMR-5 with front end plug-ins to cover 
,n^ |j 105-140 MHz and 200-260 MHz. $250.00 
|If * 11 We havo complete documentation for all 

? 1 f TMR-5 series Including plug-ins. 

CEI type 415, 60-250 MHz, all solid state, modular constr,, xtal 
controlled, 4 channels. Incredible value. $85.00 

SR-13A, 2 to 30 MHz, good condition. $285,00 

635V-1 Collins Preselector band pass Filters — They're back! 
2 to 3 MHz, 1 kHz steps, with copy of manual and rack and 
connector. $275.00 

SX-115 Immaculate with speaker and manual. $450.00 

ANWRR2, 2-30 MHz, synthesized or continuous tuning, com¬ 
pletely bench checked. $600.00 

TEST EQUIPMENT 

Tektronlcs Scopes, several to choose from, $175 to $900, de¬ 
pending upon type and condition; call or write. 

HP400DR Audio VTVM — NEW $125.00 

Solartron DA410 Transfer Function Analyzer with manual. 

$475.00 

Weinschel 693*1 Power Attenuators, 30 watt avg., 10KW peak. 

$65.00 

HP764D Dual directional coupler, 200-500 MHz, $100.00 

FXR, 20 dB directional coupler, 200-400 MHz. $75.00 

SPECIAL: Micromatch in-line wattmeters, complete guts, less 
meters, good to 500 MHz. You add 50/rA meters and measure 
forward & reflected power simultaneously. Removed from 
equipment. $24.95 

HP608D, 10-420 MHz. $425.00 

Crystal Detectors, HP-423A or equivalent, $25.00 

TRANSMITTERS 

Collins KWT6-6/URC32 — 2-30 MHz, 1 kHz steps, complete 
xevr. 500 watt PEP output, 500 watt CW output, AM capability. 
Complete and running. $1850.00 

Standard T/T pad mounted 
K a sturdy steel case inch 2 vol- 
m ume pots & 1 push button 

■Id, C!G& % labeled “Stereo’* - Also has 2 

■IP^V fpP phone jacks for headphones, 

microphone, etc. Will make a 

fine control head. $24.95 


T/T Decoder Board — This 
board was removed from a 
language lab remote control 
system. You draw the sche¬ 
matic (because there wasn't 
one with the board). $34.95 


Inductuners, mfd by Mallory, 6 turn, 4 stage, P/N 446T001, 
Brand New. $25.00 ea. 

Wanted: Documentation for AN/WRR-2, plug-ins and IF Amp¬ 
lifiers for TMR-5. 

DISC-CAP, 1434 REYONLDS ST. 

AUGUSTA, GA. 30902 404-722-1121 



Ga. Residents - add State Sales Tax. Unfortunately, Disc-Cap 
can only service U. S. customers. 
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improved indicator system 


for the 
Hy-Gain 400 
antenna rotator 


With this circuit 
you can read 
antenna pointing 
direction during 
antenna rotation 

The designers of the Hy-Gain 400 rotator ap 
parently didn't realize that most amateurs want to 
know which way their antenna is pointing at any 
moment, and an indicator was provided that didn't 
provide this information during antenna rotation. The 
ARRL Antenna Book (13th edition) contains informa¬ 
tion on a replacement directional indicator that cer¬ 
tainly will work. However, it requires an 8-wire con¬ 
trol cable whereas the original indicator required a 5- 
wire cable and Hy-Gain supplied such a cable suit¬ 
able for the 110 volts that the rotator motor requires. 
So it was rather frustrating to read about an ap¬ 
proach that's available and convenient for those who 
had not yet installed the rotator on a tower, but less 
so for those who had already installed the rotator and 
wished to change the indicator. 

This article describes a replacement direction- 
indicating control unit that involves no modifications 
of the rotator and is compatible with the original 5- 
wire cable. It has an additional feature that permits 
control from multiple locations — a convenience for 
those who operate from several locations as I do. 
The ideas in this article are adaptable to other types 
of rotators where multiple control is wanted. Further, 
it's one way to get a direction indication from a ro¬ 
tator if one end of the indicator pot has become dis¬ 
connected or if a failure has occurred in the indicator 
circuit. The latter failure is probably rare but is men¬ 
tioned as an emergency or permanent solution that 
could still make use of the original indicator meter. 
The crucial matter is that the indicator resistor in 
the Hy-Gain 400 rotator was wired as a rheostat 


(even though it was physically a three-terminal pot). 
If the familiar ohmmeter circuit is used to read the 
rheostat setting, and hence antenna heading, the 
scale will be grossly nonlinear and not very satisfac¬ 
tory. The cure is, therefore, to supply the rheostat 
with a constant-current source and then read the 
voltage across it, which will then be directly pro¬ 
portional to the angle of rotation. 

constant-current supply 

A recent advertisement gave the clue to a con¬ 
veniently available constant-current source, the pop¬ 
ular voltage-regulator ICs, which are used to provide 
a regulated 5, 12, or 15 volts. A single resistor con¬ 
nected between what is normally the output terminal 
and the normal ground — now using the ground as 
the constant-current output - does the trick. The 
current is constant only if the supply voltage is high 
enough. In this case, 24 Vdc was required to supply 
10 mA constant current through a resistor varying 
between 0-1000 ohms. (This is the value of the rheo¬ 
stat in my Hy-Gain 400; but watch it, as the ARRL 
Antenna Book cites 5k and there may have been a 
design change.) A value of 1.2k between terminals 
2 and 3 of a 7805 1C establishes the 10-mA current 
level. This turned out to be a very convenient value, 
as it causes the voltage across the rheostat to vary 
between 0-10 volts. 

Next, to preserve linearity, a high-impedance 10 
Vdc meter is needed; I borrowed a simple vtvm cir¬ 
cuit using a single fet from Radio Shack's book Tran¬ 
sistor Projects Vol. 2. Using a 1-mA meter and a 9- 
volt battery, this unit reads full scale at 10 volts. 

indicator circuit 

The complete indicator circuit is given in fig. 1. 
The spdt center-off switch for rotation could be re¬ 
placed by push-button switches. All parts for this in¬ 
dicator are available from Radio Shack stores. Note 
the arrangement for zero and full-scale adjust of the 
vtvm. This can easily be dispensed with, as the cali¬ 
bration of the vtvm is quite stable. The vtvm isn't 
difficult to recalibrate with a short circuit for zero and 
a 1000-ohm resistor for full scale. A semi-adjustable 
pot is used with the regulator 1C to set current at 
precisely 10 mA. 

Fig. 1 also includes circuitry for a control and indi¬ 
cator for a second position. This could be multiplied 
for a third or more positions. For the indicator at the 

By Guy Black, W4PSJ, 12317 Hanger Road, 
RR5, Fairfax, Virginia 22030 


60 M may 1978 




fig 1, Schematic for the improved indicator system designed for 


BRAKE SOLENOID 



quantity part 

1 Hy-Gain 400 rotator 

1 transformer 115- 12.6 Vac at 8.3 amp RS 273 1386 (a 24- 
Vac transformer could be substituted with a bridge 
rectifier and single filter capacitor) 

2 diodes 1N4001 to1N4007 
RS 276 1101 

1 voltage regulator 1C such as 7805, 7812, 78L12AC (the 
latter is cheapest as RS 276 801) 

1 zener diode, 9.1 V 1 watt 1N7439 

RS 276 562 

1 (2) fet transistor MPS 102 or 

RS 276 2028 

1 semiadjustable potentiometer 2.5k RS 271 228 

2 (4) semiadjustable potentiometers 50k RS 271 219 

2 resistors 2.7k 

1 resistor 1.2k 


quantity part 

1 (2) resistors 1 meg 

2(3} resistors Ik 

1 (2) resistors 10k 

2 capacitors 220 fxF 35 Vdc 

1 capacitor 21 25 p.F 230 Vac (can be taken from original 
Hy-Gain 400 control) 

1 (2) 01 mfd piF ceramic 

1 (2) milliameter 1 mA RS 22052 

2 switch spst main power (SW1 Ft SW4) 

3 switch spdt center neutral (SW2 Ft SW5) RS 275 325 

1 switch spdt RS 275326 

Notes: 

1. Quantities in parentheses are needed only if an auxiliary indicator is 
desired 

2. Part numbers preceded by RS are available from Radio Shack stores 


auxiliary positions, a 9-volt battery is practicable, 
although an ac supply may be preferred, especially 
by those who want a continuous reading. 

Note that the ac line that goes to the auxiliary con¬ 
trol is not the ac line that goes to the rotator itself. 
Allocating the rotator ac to terminal 1 on the terminal 
switch and the auxiliary-unit ac to terminal 6 will 
help avoid confusion and fireworks, 

other rotators 

Some change in values might be needed if the 
circuit were to be adapted to the CD-44 or Ham-M II 


rotators, which have 500-ohm pots connected to 
terminals 3 and 7 of their rotator units with the sliding 
contact grounded and connected to terminal 1, I 
haven't tried the circuit on these units. Although it 
appears feasible, it would seem to be worthwhile 
only if multiple-position control were wanted, in 
which case the vtvm circuit shown here might be 
used to read the voltage between terminals 1 and 3, 
or 1 and 7 of the CD rotators. It also seems feasible to 
use the meter and case of the original control and put 
the few extra parts inside. 
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calculating antenna bearings 


for geostationary 
satellites 

Using a 
pocket calculator 
to accurately determine 
antenna bearings 
and range to 
geosynchronous satellites 

Many members of the amateur community have 
recently "discovered" the geosynchronous commu¬ 
nications satellite. This surge of interest is in 
response to a program of weather satellites now af¬ 
fording an outstanding view of the earth from a 
22,000 mile {35,000 km) vantage point. 1 It is further 
spurred by the recent availability of low cost, high 
quality microwave receiving equipment whic,h 
enables the individual to recover not only this 
weather data,<2 but promises reception of direct- 
broadcast closed-circuit TV programs. 

Although a great deal of material has been pub¬ 
lished on generating tracking information for polar 
orbiting spacecraft such as Oscar 7, 3 4 as well as the 
highly elliptical orbit planned for AMSAT Phase HI, 5 
little has appeared in the amateur magazines regard¬ 
ing the geostationary, or earth-synchronous, orbit. 
Peter Thompson has published a set of generalized 
equations which could be applied to tracking satel¬ 
lites in a variety of orbits, 6 but the calculations are 
unnecessarily cumbersome when considering the 
simple geostationary case. Ralph Taggart has out¬ 
lined an appealing method for estimating azimuth 
and elevation bearings with a globe and string, 7 but 
/ike most graphics/ plotting techniques, this one of¬ 
fers resolution limited by the finite size of the globe. 
The equations presented here can be readily solved 
on a pocket calculator and afford bearing accuracy 
which is limited only by your ability to point the 
antenna. 


If an imaginary line is drawn which connects the 
center of a satellite with the center of the earth, that 
line intersects the earth's surface at a location known 
as the Sub-Satellite Point or SSP (fig. 1). Generating 
azimuth angles to a satellite is a function only of the 
location of the observer and the sub-satellite point, 
and is completely independent of the satellite's alti¬ 
tude (altitude does, of course, determine the eleva¬ 
tion bearing, which is computed later). Hence, the 
azimuth data is based solely upon terrestrial coordi¬ 
nates; the law of cosines for determining distance 
and bearing coordinates in a great circle will apply. 

Jerry Hall reported the relationships in his article 
on terrestrial great-circle computations; 8 those same 
equations may be used to calculate satellite azimuth 
angles: 

cos D — sin A sin B + cos A cos B cos L 

cos C = sin B ~ stn ^ cos & 
cos A sin D 

Where A = latitude of Point 1 (the observer) 

B= latitude of Point 2 (the sub-satellite 
point) 

L= longitude of Point 1 minus the 
longitude of Point 2* 

distance between Point 1 and 2, 
degrees of arc 

C= true bearing if L is positive 

or 360- C- true bearing if Z, is negative 

Interestingly enough, the geostationary satellite 
presents a special case because the latitude of the 
sub-satellite point is always approximately zero 
degrees; under these conditions B in the above for¬ 
mulas is 0. 

Since sin B = 0 and cos B = l, these equations 
simplify to: 

cos D = cos A cos L ( 3 ) 


( 1 ) 

12 ) 


cos c= - s inAi°±I> 

cos A sin D 


( 4 ) 


By trigonometric identities, eq. 4 further simplifies to 


cosc= 

tan D 


( 5 ) 


Thus, by solving eqs. 3 and 5 for D and C, respec¬ 
tively, antenna azimuth information can be found. 


*lf the computed value for L is greater than 180°, correct it by subtracting 
360°; if the computed value is less than - 180°, correct it by adding 360°. 


By H. Paul Shuch. IM6TX, Microcomm, 14908 
Sandy Lane, San Jose, California 95124 
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calculating elevation 

If a straight line is drawn between a satellite and 
the center of the earth, and another straight line is 
used to connect the observer with the earth's center, 
the angle formed at the intersection of these two 
lines represents D, the distance between the 
observer and the sub-point, in degrees of arc, just 
computed (fig. 2). If the observer happened to be 
situated very near the center of the earth, angle D 
would relate directly to elevation angle; that is, D 
would be the angular displacement from vertical for 
aiming the antenna. Since elevation angles are 
generally specified with respect to the horizontal, un¬ 
corrected, elevation data is computed from 

EL (assumed) = 90 - D ( 6 ) 



fig. 2. The observer's position on the earth's surface, in re¬ 
lation to the imaginary straight line shown in fig. 1, yields 
the angle D. which is used to calculate antenna elevation 
angle as discussed in the text. 


greater than the radius of the earth? A correction for¬ 
mula published by L. R. Larson 9 applies: 


tan EL = tan (90 -D)- Kcos(9 ^ D) 


(7) 


This assumes that the observer is located at or near 
the center of the earth. Since this is obviously im¬ 
possible, let's consider corrections to the assumed 
elevation which would apply to an observer on the 
earth's surface. 

If eq. 6 is used, the error is negligible when R St the 
radius of the satellite's orbit, is at least two orders of 
magnitude greater than r e , the radius of the 
observer's orbit (the radius of the earth). Thus, eq. 6 
is used in determining elevation information for radio 
astronomy, where the object being tracked is very far 
from earth. Under these conditions the observer is 
near the earth's center, relative to the object being 
tracked. Eq. 6 has also been used by EME operators 
for tracking the moon; although the radius of the 
lunar orbit is only about 50 times the radius of the 
earth, elevation data calculated from eq. 6 is correct 
to within a fraction of a degree. 

It is interesting to note that in both of the above 
applications, the location of the object being tracked 
is generally specified in Greenwich Hour Angle 
(GHA) and declination. These coordinates corres¬ 
pond exactly to the longitude and latitude, respec¬ 
tively, of the sub-satellite point shown in fig. 1. 

What do you do to correct eq. 6 for geostationary 
satellites, whose orbital radius is not significantly 


where K is the ratio of satellite orbital radius to earth 
radius 

K = R s /r e 


Since the mean radius of the earth is approximately 
3444 nautical miles, and the mean radius of geosta¬ 
tionary orbits is approximately 22,766 nautical miles, 

I use the value K~6.61 when working with geosta¬ 
tionary orbits. In the interest of minimizing computa 
tional steps, eq. 7 may be restated 

tanEL ^VO-D)-^ *) ( 8 ) 

cos (90- D) 


where — = r e /R s — 0.1513 
K 

Eq. 8 may be further simplified 
tan EL = 

yf l ~ (COS D)Z 


( 9 ) 

( 10 ) 


calculating slant range 

System performance predictions, which include 
link calculations of signal margin, require a knowlege 
of the exact distance from the ground station to the 
orbiting satellite. One convenient equation for deter¬ 
mining slant range is stated as follows 10 



fig. 1. When a straight line is drawn from the center of the 
earth to a satellite, the intersection of the line with the 
earth's surface is known as the Sub-Satellite Point or SSP. 
The SSP is used to calculate the azimuth bearing to the 
satellite. 


Range = R s XyJ 1-2(1 TfC) cos D + (l /K)2 ( 11 ) 

If you want to calculate the range in nautical miles, 
use 22,766 nautical miles for R s . If you would rather 
compute the range in kilometers, use 42,166 km for 
R s . The ratio K, of course, is the same regardless of 
the units used to express R s and r e . 

Example. My station is located approximately 37.3° 
N, 121.9° W;* I wish to receive signals from SMS-2, 

*ff you know your latitude and longitude to within 1/10 degree, you have 
pinpointed your location to within about 6 miles! 
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in geostationary orbit above 135° W. The longitude 
difference is thus 121.9-135 = -13.1°. Note that L 
isthis information will be used later. 

The distance D is found from eq. 3 to be 39.22° 

From eq. 5, C is found to equal 158.99°. Since L 
is negative, true azimuth bearing is 360-C, or 
201 . 01 °. 

From eq. 10 # the corrected elevation bearing 
equals 44.61°. 

Eq. 11 yields a slant range of 20,215 nautical 
miles. 

These computations agree well with my actual ex¬ 
perience in tracking SMS-2. 

calculator programs 

The above relationships, with their conditional 
branching requirement depending on the sign of L, 
are ideal candidates for solution on a programmable 
calculator. I use a Hewlett-Packard 25 calculator 
which, with its 49 available program steps, demands 
a degree of programming ingenuity. After several 
false starts, I came up with the program listed in 
table 1, which appears to be valid for any point on 
the Earth*. Note that southern latitudes and eastern 
longitudes must be entered as negative numbers. 

The following steps show how to use the program, 

1. Key in the program, switch to RUN, depress f 
PGM. 

2. Store the constant 180 in Register 3 (180 
ST03) 

3. Key in 3444 (for km, key in 6368) 

4. ENTER 

5. Store 22766 in Register 4 (for km store 42166) 

6 . Depress divide () key 

7. Store answer in Register 2 

8. Store latitude of observer in Register 0 

9. Depress/COS keys 

10. Store answer in Register 1 

11. Key in longitude of observer. 

12. ENTER 

13. Key in longitude of SSP. 

14. Depress R/S key 

15. Calculator displays range in nautical miles (or 
kilometers) 

16. Depress rolldown key (Rl) 

17. Calculator displays elevation angle in degrees 

18. Depress RCL 6 

*ln reviewing this manuscript WB8DQT observed that the program will 
display ERROR if the observer is located directly under the satellite (on the 
equator at the SSP). Under these conditions the required azimuth bearing is 
undefined (the bearing is 90 degrees and the slant range is equal to R s - r e 
= 19,322 nautical milei [35,198 km\). 


HP-25 Program 



MEMORY 

lESIITCM 

m Latitude 

of 

observer 

rti 

D 


rF05T3 

(I/K) 

U*/M) 


180 


MR# 


WSLonttltud# of 
>b*«rv«r Blftut 

Lon«. of ut. 

HI 

Ailnuch 


«7 




table 1. HP-25 program for calculating antenna azimuth and 
elevation angles and slant range to a geostationary satellite 
from any point on earth. Note that southern latitudes and 
eastern longitudes must be entered as negative numbers. 

19. Calculator displays azimuth bearing in degrees 

20. To perform further calculations, return to 

Step 8. 

I would like to thank Glenn Thomas, WB6YZI, for 
his assistance in evaluating these computations. 
Glenn works at a satellite tracking facility and says, 
“Look-angles for geosynchronous satellites are my 
stock in trade." Believe me, he really makes it all look 
ridiculously easy! 
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Oscar 

az-el antenna system 


Construction details 
for a complete 
antenna system 
for tracking Oscar 
including antennas 
for 28, 144 
and 432 MHz 

After checking all your charts and graphs, and 
double-checking all the calculations, you Ye left with 
only one problem, how to point your antenna at the 
satellite, and how to keep it accurately pointed as the 
bird moves through the sky. Obviously, some type of 
antenna tracking system is very desirable. Unfortu¬ 
nately, however, a check of commercial manufac¬ 
turers did not yield any system that provided full 


frequency capabilities for working Oscar (the lack of 
10-meter receiving antennas was the biggest stum¬ 
bling block). After talking with many other amateurs, 

I decided to build my own tracking antenna system. 

One of the methods used by others used some 
form of counterbalance to offset the antenna weigh;, 
permitting the rotator to elevate the antennas with a 
minimum of torque. This type of system tends to be 
impractical, however, because you should try to 
eliminate as much weight and wind resistance as 
possible. Also, the counterbalance system can be¬ 
come a mechanical nightmare if you try to design it 
to track from horizon to horizon in elevation (180- 
degree coverage). With these thoughts in mind, I 
decided that my tracking system should have the 
following features; 

1. Capabilities for 28, 144, and 432 MHz 

2. Full horizon-to-horizon elevation tracking 

3. Cross polarization on both up and down links to 

prevent signal nulls 

4. Elimination of the counterweight 

By A1 Greenwood, WA1NXP, RR1, Greenville 
Road, Mason, New Hampshire 03048 
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construction details 

Cross frame. The cross frame is the heart of the en¬ 
tire antenna system, supporting both the 144- and 
432-MHz beams and also acting as spreaders for the 
10-meter quad loop. The basic layout of this assem¬ 
bly is shown in fig. 1. The horizontal and vertical 
members are made from two lengths of aluminum 
tubing, each with an outside diameter of 35 mm 
< 1 -3/8 inches) and 3.7 meters (12 feet) long. The 
plate which holds the two spreaders together can 
either be purchased ready-made* or built from 6.5 
mm (1/4 inch) thick aluminum plate. 

Phenolic insulators are inserted into the ends of 
the tubing to insulate the quad loop from the spread¬ 
ers (see fig. 2). Each insulator is held in place with a 
1/4-20 (M6) bolt through the tubing and insulator. 
Another 6.5 mm (1/4 inch) hole is drilled through the 
insulator to hold the quad-loop wire. 

After the two spreaders are fastened together and 
the insulators inserted in the tubing, the horizontal 
spreader is inserted into the U-100 rotator. Before 
tightening the clamps, you should run the rotator 



fig. 1. Head-on view of the az-eJ antenna system. The 144- 
and 432-MHz beams should be positioned along the horizon¬ 
tal spreader to balance the array at the base of the mast. 
The quad loop is made from number 12 AWG (2.1-mm) wire. 



Satellite tracking antenna at WA1NXP combines antennas 
for 10 meters. 144 MHz, and 435 MHz on one tower. The six- 
element beam located below the OSCAR antenna is for 
50 MHz. 

from stop to stop to make sure that you have it in 
the desired position for assembly. 

The final part of the cross frame is the adapter be¬ 
tween the elevation rotator and the mast from the 
azimuth rotator. This was fashioned by drilling a 
piece of 6.5 mm (1/4 inch) thick steel plate with four 
holes that matched the bolt pattern of the U-100 ro¬ 
tator. To the bottom of the steel plate I welded a 15 
cm (6 inch) piece of steel tubing. The inside diameter 
of the tubing must be large enough to accommodate 
the mast from the azimuth rotator. 

Two-Meter Antenna. The 144-MHz cross-polarized 
Yagi consists of two 8-element beams mounted on a 
common boom (elements 90 degrees apart). The di¬ 
mensions are standard and can be found in any an¬ 
tenna manual. The elements are mounted through a 
32 mm (1-1/4 inch) aluminum boom, with the two 
beams displaced 12.5 mm (1/2 inch) along the boom. 

*A pans kit including X bracket, spreaders, phenolrc insulators, U 100 
welded mounting bracket, coax bracket, and wire is available from Alden 
Engineering Company, P.O. Box 493. Greenville, New Hampshire 03046. 
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wore in SUL AVON IS 3~l/2‘ LONG. 

2' INSERTED INTO TUBING 
AND QUAD WINS THRU HOLE 
DRILLED 3 m FROM TUBING. 

fig. 2. Detail of the four phenolic insulators which are used 
to support the IO meter quad loop. The insulator is 14 cm 
(5*1/2 inches) long; the wire passes through the insulator 
approximately 7.5 cm 13 inches) from the end of the tubing 

The feed system for the beams is shown in fig. 3. 
The capacitor used for the gamma match is a split 
stator unit with approximately 50 pF per section. Be 
sure to provide an insulated mount for this capacitor. 
Prior to mounting the beam on the horizontal spread¬ 
er, the longitudinal balance point of the beam must 
be determined. By attaching at this point, the eleva¬ 
tion rotator will not be excessively strained. 

Seventy-Centimeter Antenna. For 432 MHz, I 



144 MHz MATCH 

fig. 3. Gamma match for the two 144-MHz beams. The gam 
ma capacitor is a split-stator capacitor with approximately 
50 pF per section. After final adjustment, the entire unit was 
fiberglassed for weather proofing. 


used a commercial 26-element J Beam. As with the 
two-meter beam, this antenna is also mounted to 
provide cross polarization. Fig. 4 shows the baluns 
and the matching necessary to simultaneously feed 
both antennas from one 50-ohm feedline. You 
should also determine the balance point for this 
beam before attaching it to the horizontal spreader. 

Ten-Meter Antenna. As a final step, the wire for 
the quad loop is strung through the holes in the 
phenolic insulators. With the dimensions shown, the 
loop should resonate at approximately 29.6 MHz. 
When using this system, the pattern exhibited by the 
loop tends to be sharper than would be expected, or 
desired. As a remedy, I opened the loop at both ends 
of the horizontal spreader, effectively producing a 
dipole which has a wider beam-width than the loop. 



432 MHz MATCHING HARNESS 

fig. 4. The two 432-MHz beams require a balanced 300-ohm 
feed. With this arrangement, the 1/2-wavelengths of coax 
act as 4:1 baluns, while the 1/4-wave sections step the im¬ 
pedance up to approximately 100 ohms. The two beams 
then closely match a 50 ohm feedline. 

Either version can be used; it depends only on your 
personal preference and the resolution of your azi¬ 
muth rotator. 

summary 

In the described configuration, the U-100 rotator 
easily moves the array through a full 180 degrees 
elevation. As an added feature, the quad wire acts as 
a mechanical stop when it hits the azimuth rotator 
mast, stalling the elevation rotator. One drawback to 
this system is the resolution of the rotators. For ex¬ 
tremely accurate pointing, infinite control is a neces¬ 
sity. Unfortunately, this is not provided by either 
rotator. 
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fig, 1. Construction details of the high-gain 1215 1300-MHz antenna. Design features both vertical 
and horizontal polarization and an enclosed, weather-proof feed system. 








simplified 

antenna gain calculations 


A straightforward 
approach for 
comparing the gain 
of a number 
of popular 
amateur antennas 

It is well recognized by amateurs that improve 
ments in an antenna installation can usually do more 
to enhance a station's capabilities than any other im¬ 
provement. The purpose of this article is to help you 
choose or optimize an antenna arrangement from the 
standpoint of gain. Of course, many other factors 
have a large influence on antenna performance 
including ground conditions, ohmic losses, height 
above ground, polarization, bandwidth, multiband 
operation, effects of nearby objects, and so on. This 
article will not deal with these topics, but will attempt 
to consolidate some results of gain calculations made 
on some of the more popular antennas in use today. 
Along the way, a relatively straightforward approach 
for making such calculations will be described so that 


you can make similar calculations for configurations 
in which you are interested. It should be observed, 
however, that the methods described are applicable 
to only some antenna types. For example, multi-ele¬ 
ment arrays with parasitic elements are not suited to 
the simple technique described here. However, this 
technique does allow you to gain a significant 
amount of insight into a number of different 
antennas, 

basic assumptions 

As it turns out, very few assumptions must be 
made to compare the gains of the antenna types 
which are considered here. These assumptions are 
listed below: 

1. The feedpoint is at a point of maximum current. 

2. The feedpoint resistance (at resonance) is 
known. 

3. All power fed into the antenna is radiated. 

4. The current distribution for wire resonant 
antennas is sinusoidal and for antennas containing 
inductive loading is approximately trapezoidal. 

5. The current in each part of the antenna is either 
in phase or 180° out of phase with the current in 
all other parts of the antenna, with phase reversals 
occurring where the current goes through a 

By Frank Witt, W1DTV, 20 Chatham Road, 
Andover, Massachusetts 01810 
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minimum. Although this assumption is not 100 per 
cent valid, 1 the results should be close enough to 
reality to provide insight for those of us who enjoy 
experimenting with different antennas. 

All gain calculations will be made relative to a half¬ 
wavelength dipole. With the exception of the mono¬ 
pole example given later, the antennas will be as¬ 
sumed to be in free space/ 

Although the calculations are made for transmit¬ 
ting antennas, the results apply equally to receiving 
because of the principle of reciprocity. 

theory 

The field strength due to a part of an antenna is 
proportional to the magnitude of the current flowing 
in that part. This dependence is shown in fig. 1. It is 
assumed, of course, that the observer is many wave¬ 
lengths from the antenna; all parts of each of the an¬ 
tennas considered here will be essentially the same 
distance from the observer. By "essentially the 


|*- MANY WAVELENGTHS 

©I'. 

F PROPORTIONAL 
TO 


OI - OBSERVER 

* POINT 0 

, F proportional 

2 TO (l, * V 

fig. 1. Field strength due to a part of an antenna is propor 
tional to the magnitude of the current flowing in that part. 
At A. the field strength at the observer (point O) is due to 
the current element I { . Since /, and I 2 . B, have the same po¬ 
larization and are the same distance from the observer, the 
field strength Fis the sum of the field strengths due to each 
current element. 

same" I mean that any differences in distance from 
the observer are very small compared to a wave¬ 
length. A surprisingly large number of practical 
antennas exhibit maximum gain in a direction where 
this distance constraint is valid. 

Another simplifying assumption is that in the direc¬ 
tion for which the gain is to be calculated some radia¬ 
tion cancellation takes place, as seen in fig. 2. 

*An assumption of free space conditions simplifies the calculations, but 
many would argue that it's both unrealistic and misleading to discuss the ra¬ 
diation characteristics of either straight or bent dipoles for use in a ground- 
oriented communications link if the effects of ground reflections are 
ignored. Nevertheless, the gain technique discussed by the author provides 
a basis of antenna comparison. It should be kept in mind, however, that the 
gain and radiation patterns presented here are not necessarily representa¬ 
tive of those found in a real life, near ground situation. Editor 
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feedpoint resistance 

To determine the relative magnitude of the current 
flowing in an antenna, the feedpoint resistance must 
be either assumed, measured, or calculated. 
Through the use of an impedance bridge, using 
either an oscillator or noise generator as a source, 




F PROPORTIONAL 
TO 2l v 


fig. 2. The observer in this case is looking into the plane of 
the page. Note that the vertical components, I u , add while 
the horizontal components, I H , cancel. Field strength F is 
proportional to 21 v . 


quite accurate measurements of feedpoint resistance 
may be made (see references 2 through 4). Anyone 
who is seriously interested in optimizing an antenna 
installation should have a means for measuring feed- 
point resistance. 

Direct calculation of antenna feedpoint resistance 
is a complex mathematical process except for the 
simplest of structures. The engineering literature 
yields some useful results, but much more work 
needs to be done in this area. 

Fig. 3 shows how the currents are related for two 
antennas with different feedpoint resistances when 
you assume that the same amount of power is fed in¬ 
to each antenna. Thus G^, that part of gain due to 
feedpoint resistance, is given by 

G n (dB) = 20log-j- = 20 log 

where R is the feedpoint resistance of the antenna 
under consideration (73 ohms is the free-space feed- 
point resistance of a half-wavelength dipole). 



TRANSMISSION line 


TRANSMISSION LINE 
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fig. 3. Effect of feedpoint resistance on current when the 
same power Pis fed to two different antennas. 
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current distribution 


CURRENT 


The currents which affect the field strength vary 
along the length of the antenna. At the open ends of 
a wire antenna (e.g., the ends of a dipole), the cur¬ 
rent is practically zero. It is customary to assume that 
the current varies along a resonant antenna sinusoid¬ 
ally and this will be done here; fig. 4 shows the 
assumed current distribution along a half-wavelength 
dipole. 

Since it will arise frequently, it's useful to compute 
the field strength due to a sinusoidal current distribu¬ 
tion along a straight wire. Fig. 5 shows the general 
result for the field strength due to a section of anten¬ 
na wire of length xi with a sinusoidal current distribu¬ 
tion as shown. For a half-wavelength dipole, 
X j~\/4, and since the fields radiated from the two 



1 

R * 73 OHMS 


—INSTANTANEOUS CURRENT FLOW 



fig. 4. Current distribution along a half-wavelength dipole. 


halves add in phase (in the plane normal to the radia¬ 
tor, at its center)* 


c, 0 k\l 2 IT X 

F * = 2 ^r sm x* 4 


k\I 

7T 


This is the reference field strength due to current dis¬ 
tribution for gain calculations. Gq is defined as the 
part of the gain due to current distribution and is 
given by 

G c (dB)= 20 log ^ = 20 log 


where F is the field strength of the antenna under 
consideration. Thus the gain relative to a dipole in dB 
is given by 

G = Gg + Gq =10 log + 20 log 


’Off the plane normal to the radiator the fields add out of phase, to a degree 
related to the angle off the plane, resulting in the dipole radiation pattern. 

Editor 
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fig. 5. Field strength, F, due to a sinusoidal current distribu 
tion; k is a constant of proportionality. 


Since k, X, and I will cancel in the subsequent calcu¬ 
lations, it is clear that if R and F can be determined, 
the gain relative to a dipole may be found. 

Another current distribution of interest is the trap¬ 
ezoidal distribution, which is a good approximation 
for inductively loaded, short antennas.5 The only 
antenna having this current distribution that will be 
considered here is the quarter-wavelength dipole 
with loading coils located as shown in fig. 6. 

other factors 

As seen in fig. 2, in some cases the current in the 
direction of the wire is not the appropriate current to 
use. What is required is the current in the direction of 
the polarization being considered. Hence, for fig. 2, 
the current component of interest is 

Iy — I cos 6 

Another consideration is the number of radiating 
elements. In this case, you must account for the fact 
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* 4.48 dB - 4.60 dB • -O.IZ dB 

fig. 6. Gain of a quarter-wavelength inductively-loaded dipole. 
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that the power is divided among these elements. For 
the two-element broadside and collinear arrays con¬ 
sidered here, the power is equally divided between 
the two radiators. Hence, the multi-element factor 
G Mi which must be included in the gain calculations, 
for the two-element case is 

Gm = 10 log | = - 3.01 dB 

With these preliminaries disposed of, we can now 
consider several specific antenna types. 

inductively-loaded dipole 

Consider the inductively loaded dipole shown in 
fig. 6. The feedpoint resistance is assumed to be 26 
ohms. 5 6 Further verification of this value is required, 
however. The fact that the gain is essentially that of a 
full-size dipole is consistent with the popularity of 
this antenna for many sloping-dipole installations on 
80 meters. However, it is hampered somewhat by its 
relatively narrow bandwidth. 

inverted vee 

Fig. 7 shows the instantaneous currents in a dipole 
having legs formed as an inverted-V. When the legs 
form an angle less than 180 degrees, the radiation 
resistance is reduced, resulting in a corresponding re¬ 
duction in feedpoint resistance. 7 - 8 However, the cur¬ 
rent distribution is practically the same as that for the 
straight dipole of fig. 4. In the broadside direction 
the fields resulting from the vertical current compo¬ 
nents cancel; however, the horizontal field compo- 



fig. 7. Gain of the inverted-V dipole. Observer is facing the 
page, and polarization is horizontal. An observer in the 
plane of the paper, looking into the antenna from left to 
right would see a small component of vertical polarization 
due to uncancelled vertical components radiated from each 
leg. The vertical components cancel in the broadside di 
rection. 
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* 10 te * 4 ~ + 20 t Q9 1/2 

* 2 61 dB - 6.02 dB • -3.4/ dB 

* SAME AS INVERTED V » -0.40 dB 

fig. 8. Gain of the L antenna. All points on the equatorial 
plane are broadside to the antenna. In the polarization 
plane normal to the equatorial plane the gain is uniformly 
maximum everywhere on the equator. Maximum gain is in 
direction 2 and is the same as an inverted V with a 90 degree 
included angle. 


nents add, but they are diminished by the folding. On 
the other hand, this reduction is almost completely 
compensated for by the overall increase in magni¬ 
tude of all the field components, resulting from the 
higher antenna current I, due to the lower feedpoint 
resistance. When the included angle is 90°, the feed- 
point resistance in free space is typically around 40 
ohms, and the gain relative to a straight, 180-degree 
dipole is approximately - 0.4 dB. 

L antenna 

The L antenna shown in fig. 8 is of interest 
because it has been used where height is limited. In 
direction 1 the polarization is vertical, but in direction 
2, where the gain is maximum, the polarization is half 
horizontal and half vertical. In direction 1 only half 
the antenna is seen by the observer and the gain is 
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- 3.41 dB (free space}. In direction 2, the gain is the 
same as that for the inverted V, which is obvious 
when you remember that the L is a rotated V. In 
direction 3 the gain in only slightly less than in direc¬ 
tion 2, but will not be calculated here. 

multi element driven arrays 

You can use the methods described here to deter¬ 
mine the relationship between gain and feedpoint 
resistance for certain types of driven arrays. Such 
data are available in the ARRL Antenna Book for 
ideal situations, but the method given here will 
enable you to infer gain directly from feedpoint 
resistance measurements. 

The cases considered are the collinear and broad¬ 
side arrays, where two in-line or parallel half-wave¬ 
length dipoles are fed in phase as shown in fig. 9. 
The current distribution is the same as for the refer¬ 
ence dipole but since there are two radiators, 
G c ~6.02 dB. The power is split between the two 
radiators, however, so the field strength is modified 
by G m = - 3.01 dB. Thus, as seen in fig. 9, the gain 

table 1. Calculated gain of collinear array, 
feedpoint resistance 


spacing 

for each dipole 

gain 

s 

R (ohms) 

G(dB) 

0 

94 

1.9 

X 

8 

87 

2.2 

X 

4 

76 

2.8 

X 

2 

70 

3.2 

X 

73 

3.0 


is related very simply to the feedpoint resistance by 
G = 10 log + 3.01 dB 

This relationship is plotted in fig. 10. 

The feedpoint resistance and gain for several spac- 
ings of collinear dipoles are shown in table 1. The 
resistance values were obtained from The ARRL 
Antenna Book 2 (page 134); the calculated gain 
values using fig. 10 agree exactly with those given in 
the Antenna Book. 

The Antenna Book does not give the feedpoint re¬ 
sistance for the broadside array, but it does give gain 
as a function of spacing. Again fig. 10 was used, but 
this time to determine the feedpoint resistance of 
each dipole. The results, shown in table 2, agree 
very well with those given in reference 9. 

monopoles 

A popular vertical radiator is the monopole, or 
quarter-wavelength half-dipole overground. At high¬ 
er frequencies, resonant radials are used if the anten 
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fig. 9. Gain calculation for two in-phase parallel half¬ 
wavelength dipoles in a collinear arrangement. A, or 
broadside array, B. 


na is elevated well above ground, at least a quarter 
wavelength. At lower frequencies elaborate radial 
systems (usually buried a few inches) are often em¬ 
ployed. Such a ground system is required if optimum 
radiating efficiency is to be obtained. An infinite, per¬ 
fectly-conducting ground is assumed in fig. 11, The 
feedpoint resistance of the quarter-wavelength half¬ 
dipole, in conjunction with its ground-reflected 
image is 36.5 ohms, half that of a complete dipole. In 
this case, the total field strength results from the in- 
phase addition of the direct radiation from the mono¬ 
pole and the radiation from the ground image. The 
total field is therefore twice that radiated directly 
from the monopole. If the reference dipole antenna is 


table 2. Calculated feedpoint resis 
tance of the broadside array. 


feedpoint resistance 


spacing 

for each dipole 

gain 

d 

R (ohmsl 

G (dB) 

0 

146 

0 

X 

8 

136 

0.3 

X 

4 

116 

1.0 

X 

2 

59 

3.9 

1\ 

4 

51 

4.6 

X 

77 

2.8 


considered to be in free space then it would appear 
from fig. 11 that the monopole has +3.01 dB gain, 
but this is misleading. The reason for the apparent 
gain is that the monopole radiates the power only in 
the "half" space (or half hemisphere) above ground, 
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fig. 10. Feedpoint resistance versus gain for parallel half¬ 
wavelength dipoles fed in phase. 


while a free-space dipole radiates the same amount 
of power in all space. 

A similar calculation can be used to determine the 
gain of a half-wavelength ground-mounted vertical 
dipole. Since this antenna plus its image is like a col- 
linear array with zero spacing, table 1 may be used 
to obtain the feedpoint resistance of 94 ohms (the 
feedpoint is at the current maximum, one-quarter 
wavelength above ground). This calculation yields a 
gain figure of 4.92 dB over a reference half-wave¬ 
length dipole in free space. Thus a half-wavelength 
ground-mounted dipole has 1.91 dB gain over a 
monopole (4.92 dB- 3.01 dB- 1.91 dB). 

full-wave loops 

The full-wavelength loop is used in the shape of a 
square (the quad loop), a diamond, and a triangle 
(the delta loop). In this section, the dependence of 
gain on the loop shape will be calculated. Since I 
don't know the exact feedpoint resistance for each of 


A_ «< 


F * f> 

0 * 10 lofl * 20 f 

■ 3.01 dB + 0 dB • 3.01 dS 


fig. 11. Gain of a monopole over perfectly conducting 
ground relative to a half-wavelength dipole in free space. 
The current distribution is the same as that shown in fig. 4. 


* 3 a • 36 5 OHMS 
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these forms, a precise analysis is not possible. Some 
interesting results have been obtained, however, and 
some suggestions for further work have been iden¬ 
tified. 

Fig. 12 shows the current distribution on a full- 
wavelength loop and two special cases. The shorted 
half-wavelength transmission line will not accept 
power because R-0, so it is of no interest as an 
antenna. Fig. 12C proves that it is consistent for a 
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o FOLDED DfPOLE 


fig. 12. Current distribution of a full-wavelength loop. A, a 
shorted half wavelength transmission line, B, and a folded 
dipole, C. The folded dipole provides the same gain as a 
reference dipole. 


folded dipole to have 0 dB gain and a feedpoint resis¬ 
tance of 292 ohms (4 x 73 ohms). 

In the following discussion, the feedpoint resis¬ 
tance of symmetrical loops will be assumed to be 130 
ohms. This is consistent with reference 10 which 
gives a value of 125 ohms for the square loop, and 
reference 11 which reports that the calculated value 
for a circular loop is 140 ohms. By symmetrical I 
mean a square, a diamond, an equilateral triangle, or 
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fig. 13. Gain calculations for symmetrical full-wavelength 
loops. Note that for the square or quad loop. A, the four A 
segments add in phase, and the four B segments cancel. 
The diamond loop has the same gain as the square loop. In 
the circular loop, D. the Variable x is measured clockwise 
around the loop with x = 0 at the feedpolnt. 


a circle. The gains of symmetrical loops are calculated 
in fig. 13.* All of the loops are fed so that polariza¬ 
tion is horizontal. Note that movement of the feed- 
point to points 3 or 7 will provide vertical polarization. 
The gain is the same for either polarization; this is ob¬ 
vious for the square, diamond, and circle, and may 
be easily shown for the equilateral triangle (a calcula¬ 
tion similar to that of fig. 13C if you assume that the 
feedpoint resistance is unchanged). 

In reference 13 the top-loaded delta loop is intro¬ 
duced as an efficient vertical radiator for use where 
height is limited. In fig. 14 gain calculations are 
shown for a top-loaded delta loop and an isosceles 
triangle loop (called here the low delta loop) with the 
same vertical dimension. Again, a feedpoint resis¬ 
tance of 130 ohms is used, but this time the figure 
comes from measurements made at W1DTV for 80- 
meter antennas whose bases are 3 meters (10 feet) 

"These gain figures and those in the following table differ from the gain fig¬ 
ures given in reference 12 which states that the free-space gain of full- 
wavelength loops in the shape of squares, diamonds, or circles is approxi 
mately 1 dB. The discrepancy may be a result of using incorrect free-space 
feedpoint resistance values, Editor. 


above ground. The free-space values of feedpoint 
resistance are unknown. 

It is interesting to compare the results of the full- 
wavelength loop gain calculations. 


shape 

gain 

Circle 

1.4 dB 

Square 

0.5 dB 

Diamond 

0.5 dB 

Equilateral triangle 

- 0.2 dB 

Top loaded delta loop 

- 0.7 dB 

Low delta loop X high) 

o 

- 3.0 dB 


All of these results assume the same feedpoint resis¬ 
tance. This is a shaky assumption, and should be ex¬ 
amined analytically as was done for the circular loop 
in reference 11. In any event, the methods given here 
allow you to revise these results if and when more 
solid feedpoint resistance data are available. 

If the assumed feedpoint resistances are correct, 
however, there is a significant gain penalty when a 
low delta loop is used as a vertical radiator. Fortu¬ 
nately, top loading may be used to recover some of 
this loss. The low gain in a direction perpendicular to 
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O LOW DELTA LOOP 


fig. 14. Gain calculation for the low delta loop. A, and the 
top loaded delta loop. B. The current distribution in the low 
delta loop is the same as that shown in fig. 12A; note that ra¬ 
diation from the base is cancelled. 


the plane of the low delta loop is probably indicative 
of a pattern somewhat different than that of the 
more symmetrical configurations. The current distri¬ 
bution suggests more high-angle radiation than the 
other loops, also. 

summary 

The results of the gain calculations have been 
summarized in table 3. Also shown is the assumed 
feedpoint resistance and the size of the antenna in 
wavelengths. One observation I have made as I 
became interested in this subject is that there are 
many conflicting published gain values for various 
antenna configurations. In particular, the values for 
full-wavelength loops and the monopole vary consid¬ 
erably. In most cases, however, the method for arriv¬ 
ing at a particular published value of gain has not 
been disclosed. In this paper, a straightforward ap¬ 



proach for calculating gain has been presented and 
applied to a number of examples. The intention is not 
to present the final word regarding antenna gain fig¬ 
ures, but to provide insight and a basis for future 
work. This has been done by splitting the gain calcu¬ 
lation into several parts: the effect of feedpoint 
resistance, the effect of current distribution, and the 
effect of the number of driven radiators. Although 
the approach is not applicable for all antennas, it 
does apply to enough popularly used antennas to be 
worthwhile. 

It has been pointed out in the past how valuable 
the knowledge of feedpoint impedance can be for 
tuning and feeding an antenna; the emphasis here 
has been to point out another reason for measuring 
this quantity — the calculation of gain. 


table 3. Summary of antenna gains as compared to a half¬ 
wavelength dipole in free space. references 


type 

assumed 

feedpoint 

(ohms) 

size 

gain 

(dB) 

Broadside (0.75X) 

51* 

0.75X x 0.5X 

4.6 

Broadside (0.5X) 

59* 

0.5X x 0.5X 

3.9 

Collinear (0.5X) 

70* 

1,5X x OX 

3 2 

Collinear (0.25X) 

76* 

1 25X x OX 

2.8 

Collinear (0.125X) 

87* 

1.125X x OX 

2.2 

Collinear (0X> 

94* 

1 .OX x OX 

1.9 

Circular loop 

130 

0.32X x 0.32X 

1.4 

Broadside I0.25X) 

116* 

0.5X x 0.25X 

1.0 

Square 

130 

0.25X x 0.25X 

0.5 

Diamond 

130 

0.35X x 0.35X 

0,5 

Broadside (0.125X) 

136* 

0.5X x 0.125X 

0.3 

Half-wavelength dipole 

73 

0.5X x OX 

0 

Folded half-wave dipole 

292 

0.5X x OX 

0 

Quarter-wave dipole 

26 

0.25X x OX 

-0.1 

(inductively loaded) 
Equilateral triangle loop 

130 

0.33X x 0.29X 

-0.2 

Inverted V (0- 90°) 

40 

0.35X x . 18X 

-0.4 

L antenna {6~ 90°) 

40 

0.25X x 0.25X 

-0.4 

Top-loaded delta loop 

130 

0.25X x 0.22X 

-0.7 

Low delta loop 

130 

0.41X x 0.22X 

-3.0 


Each dipole; spacing shown in parentheses. 
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Heath HD-1982 Micoder 
for low-impedance 
operation 

The new Heathkit HD-1982 micro¬ 
phone with installed Touch-Tone pad 
provides a very convenient way to 
connect a pad into a transceiver 
which has no auxiliary audio input 
jack. There is a problem, however, in 
using the unit with transceivers such 
as the Drake TR-22C which is de¬ 
signed for low-impedance micro¬ 
phones, The HD-1982 is designed to 
operate into a load of lOk-ohms or 
higher. 


An emitter follower circuit was de¬ 
signed and connected into the circuit 
as shown in fig. 1. The input imped¬ 
ance of the circuit consists of the par¬ 
allel combination of the two 68k resis¬ 
tors and the transistor H fe X (2000), 
or about 30-k ohms. The output im¬ 
pedance is approximately 2000 ohms. 
The emitter follower was mounted 
on a small piece of phenolic board ap¬ 
proximately 1-inch (2cm) square. The 
circuit board fits easily in the top of 
the microphone case between the 
two mounting posts. The length and 
routing of the four leads connected 


fig. 1. Schematic dia¬ 
gram of the emitter 
follower used to inter¬ 
face between the 
HD 1982 Micoder and 
a low-impedance mi¬ 
crophone input. 



Thinking that the mismatch might 
not be too serious, I tried the HD- 
1982, as designed, with the TR-22C, 
On-the-air checks were made with 
four stations. All reported muffled 
voice quality which cleared up upon 
changing to the Drake microphone. 
Some corrective measures were 
clearly indicated. 


into the existing circuitry is not criti¬ 
cal. Because the circuit had to be 
mounted on a board of limited dimen¬ 
sions, the size of the coupling capaci¬ 
tors is critical; I used Caelectro part 
numbers A1-302 and A1-306. These 
capacitors are about the size of the 
head of a match and fit nicely in the 
available space. 


The modification corrected the 
problem. On-the-air checks have indi¬ 
cated no essential difference between 
the performance of the Drake micro¬ 
phone and the modified HD-1982. 
Touch-Tone operation has been very 
successful with reports of good qual¬ 
ity audio. 

Wesley Johnson 


cleaning teleprinters 

My plans to rewire a surplus model 
19 Teletype machine and intercon¬ 
nect it to the model 14 TD were hin¬ 
dered by the dirt and oil build-up on 
the machines. Having an unusually 
neat and clean shack, it was impera¬ 
tive they be cleaned! 

After a few fruitless efforts, the 
idea to use a commercial degreaser 
was conceived. A quart can of Gunk 
all-purpose degreaser was sprayed all 
over the internals (after removing 
only the motor) using a spray bottle 
such as a Fantashk cleaner applica¬ 
tor. After allowing approximately 20 
minutes for the degreaser to work, 
the machine was rinsed thoroughly 
using the fine spray of the garden 
hose hooked to the hot water spigot. 
Extremely greasy areas were then giv¬ 
en a second application of Gunk, a 
light scrubbing with a paint-brush, 
and more vigorous application of hot- 
water. Drying can be expedited by 
setting the unit in the sunshine 
and/or using your wife's electric hair 
styler or vacuum cleaner with the 
hose attached to the exhaust. 

After complete drying, the unit 
should be lubricated to prevent rust. 
The model 14 TD was also cleaned in 
this manner. The motors, however, 
were cleaned with heavy shop-rags 
and solvent. I have since cleaned sev¬ 
eral motors using this technique (with 
Gunk and hot water) so I suspect the 
TTY motors could be cleaned while 
on their mountings. 

As can be imagined, this is a very 
messy operation. The best place to 
do it is outside on the gravel drive¬ 
way. The results, however, are noth¬ 
ing short of fantastic! The aluminum 
frame sparkles like new; the levers 
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and gears look like the day they were 
assembled. 

It may only be my imagination, but 
the model 19 seems to run quieter 
and better since cleaning. It's defi¬ 
nitely easier to work on. 

F. Neil Urban, W8CD 

remote rf current 
readout 

The amount of current flowing in 
an antenna or a feedline is often more 
indicative of efficient system opera¬ 
tion than vswr. Moreover, having 
such a current readout conveniently 
located at the operating position 
greatly simplifies transmitter adjust¬ 
ment and rapid frequency changes. 


reaching the cell. The lamp filament 
should parallel the solar cell surface 
for maximum sensitivity. 

The lamp may be connected direct¬ 
ly in series with a conductor which 
carries very low rf power. For higher 
current, the lamp is connected across 
a suitable portion of the line, which 
then serves as a shunt to limit lamp 
current to a safe value. Initially, the 
lamp shunt should have low resist¬ 
ance, and be gradually increased until 
only useful brilliance is obtained at 
maximum rf power output. 

The rf readout system provides 
complete isolation between rf and dc 
circuits, allowing efficient placement 
of the rf pickup and convenient loca¬ 
tion of the relative rf-reading meter. 


fig. 2. Simple circuit for re 
mote readout of rf current 
on your transmission line. 



The rf current readout described is 
based on the use of a simple optical¬ 
ly-coupled isolator, as illustrated in 
fig. 2 A suitable pilot lamp is illumi¬ 
nated by a small sample of rf and en¬ 
ergizes an inexpensive solar cell; the 
dc current generated by the cell is a 
measure of relative rf power, and may 
be routed to a low-current meter 
located at any convenient point. 

A sensitive, low-current pilot lamp 
is desirable to cause minimum dis¬ 
turbance to normal rf circuit condi¬ 
tions. The Number 48 or 49, 60 mA 
lamp is suitable for use with transmit¬ 
ters above 1-watt output. The solar 
cell may be an International Rectifier 
B2M or any similar device. A meter, 
reading 1 milliampere or less is suit¬ 
able. A variable current-limiting con¬ 
trol, although not absolutely neces¬ 
sary, will add convenience to the 
system. 

The solar cell and lamp may be 
taped together, using dark tape to 
prevent light from other sources 


During initial adjustment of a new an¬ 
tenna system, several inexpensive 
pickups may be temporarily installed 
to monitor rf current in various com 
ponents. 

Gene Brizendine, W4ATE 

multiplexed 
counter displays 

We have received many questions 
from readers concerning the digital 
display for the counter shown in the 
article on page 22 of February, 1978, 
issue of ham radio. The author made 
two references to the type of display 
used with the counter. In one he 
stated that, "the multiplexer in the 
7208 energizes each LED in se¬ 
quence." This means that the lines 
coming from the 7208 (pin 5 for ex¬ 
ample) are used to turn on (enable) 
the appropriate digit. 

Segment information is also ob¬ 
tained from the 7208 1C. In this case, 


the same information goes to all the 
LEDs. Pin 28 of the 7208, would go to 
the a segment of each LED, and pin 
17 to the b segments, etc. During op¬ 
eration, the segment information 
appears at the same time as the digit 
enable line. For additional informa¬ 
tion, refer to the article by John Bor¬ 
delon, K4JIU, on page 30 of the same 
issue. He uses the same technique in 
another version of the same counter. 

At the present time, the ICs can be 
obtained from at least three sources: 
Circuit Specialists, James Electron¬ 
ics, and Poly-Paks. 

Charles Carroll, K1XX 

emergency quad 
antenna repairs 

The worst enemy of the cubical 
quad antenna is the kind of winter 
storm that simultaneously subjects it 
to ice and wind loading. Here in the 
Chicago area we don't get that kind 
of storm too often, but when we do 
most quad owners seem to end up 
with some antenna damage. A quad 
antenna with a broken spreader, 
besides being useless as an antenna, 
is also extremely vulnerable to further 
damage if not promptly repaired. 

A few winters back, I arose one 
morning to find three broken spread¬ 
ers on my two-element quad. Not 
having any replacement spreaders on 
hand, I nevertheless managed to 
have the antenna fully operational 
and structurally sound again within a 
few hours. I went to the hardware 
store and purchased a length of 19 x 
19 mm x 3 mm (3/4 x 3/4 inch x 1/8 
inch) thick aluminum angle stock. I 
cut it into 30 cm (12 inch) lengths and 
used two pieces as splints to repair 
each break, one on each side of the 
spreader. The splints were secured by 
wrapping them tightly at each end 
with no. 14 (1.6mm) solid wire, and a 
layer of tape was added over the wire 
for good measure. The antenna was 
used in this condition for several 
months with no apparent effect on its 
performance due to the aluminum 
splints. 

JohnE. Becker, K9MM 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 150. 


new CDE rotor 
for super antennas 



Cornell-Dubilier Electric Company 
has introduced a new heavy-duty 
rotor, the Tail Twister , to handle an¬ 
tennas with up to 2.6 square meters 
(28 ft 2 ) of wind load area. A new con¬ 
trol box was designed for the rotor to 
complete the system. 

The rotor incorporates the highly 
successful HAM II design with a new. 
thicker, cast-aluminum bell housing. 
Wider reinforced webs of the housing 
permit easy support of large an¬ 
tennas. On this model the upper 
mast-support is predrilled to have a 
bolt-through installation for positive 
locking. Also new is a three-ring ball¬ 
bearing assembly to provide in¬ 
creased side thrust control and ver¬ 
tical load-carrying capacities. The 
motor is a new design with an auto¬ 
matic coast-down prebrake action 
and a metal pinion gear to guard 
against stripping. 

The control box features a full 


metered indication of the antenna 
direction with front panel control for 
calibration and brake. A separate on/ 
off switch is provided for instant an¬ 
tenna location and brake operation. 
LEDs provide a positive signal for 
rotational power and brake operation. 
The unit is attractively housed in a 
black satin case. Low-voltage control 
assures safe operation for the user 
and installer. 

The Tail Twister system is designed 
for tower mounting as required for 
most "super" communications an¬ 
tennas. Weighing slightly over 8 kg 
(18 pounds), with a height of 36 cm 
(14-1/16 in), and a diameter of 2.3 
cm (9-5/16 in), the unit is secured 
with six bolts provided. The mast 
diameter is a hefty 5 cm (2 in). For 
further information, please contact 
Mr. W. Carlson, Cornell-Dubilier 
Electric Co., 150 Avenue L, Newark, 
New Jersey 07101, or call (201) 
589-7500. 


SST ultra tuner 

SST Electronics has introduced the 
SST T-2 ultra tuner to tune out the 
swr on any coax-fed or random-wire 
antenna. The T-2 will work on 160 
through 10 meters and is capable of 



handling 200 watts. It uses a toroid 
inductor and specially made capaci¬ 
tors for small size. Its compact, 
rugged, attractively finished, bronze 
enclosure is 134 x 57.5 x 63.5 cm (5- 
1/4 x 2-1/4 x 2-1/2 inches). SO-239 
type connectors are used for the 
transmitter input and coax-fed an¬ 
tennas, while convenient binding 
posts are used for the random wire 
and ground connections. 

The SST T-3 impedance trans¬ 
former matches 52-ohm coax to the 
low impedance of a mobile whip or 
vertical. Using a 12-position switch, 
with taps between 3 and 52 ohms. 


this impedance transformer provides 
broadband matching between 1 and 
30 MHz. The SST T-3 is also housed 
in an attractive, bronze-finished cabi¬ 
net 170 x 51 x 57.5 cm (2-3/4 x 2 x 
2-1/4 inches)|, with a toroid inductor 
accounting for its small size. 

All SST products are guaranteed 
for one year. In addition, they may be 
returned for a full refund within 10 
days. The SST T-2 costs $49.95, 
while the T-3 is priced at $19.95. For 
additional information, contact SST 
Electronics, P.O. Box 1, Lawndale, 
California 90260. 

mobile communications 
antennas 

A full line, general catalog featur¬ 
ing communications antennas for all 
frequencies normally used for mobile- 
to-mobile and mobile-to-base op¬ 
erations, has just been published by 
Larsen Electronics. Both quarter- 
wave and gain type antennas are fea¬ 
tured, with a variety of both perma¬ 
nent and temporary mounts included. 
In all, over 200 antenna types, fre¬ 
quency ranges, and mounting styles 
are detailed. The catalog is fully in¬ 
dexed by both number designations 
and description for easy finding of 
any specific style or model. 

Two special features of the catalog 
are an explanation of the easy- 
memory designation system used by 
Larsen and the complete series of 
copyrighted "Select-a-Charts." As 
explained in the catalog, the Larsen 
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- SCR 1000 - 

Standard ot Comparison 

IN VHF FM REPEATERS! 


2M& NOW 220 MHz! 




Opllonal Cabinet $130.00 


Now> Available with Autopatch I 


Now Spec Comm has taken the hassle out of putting an auto¬ 
patch repeater on the air! The SCR1000/SCAP is a fully self-con¬ 
tained 30 watt repeater with built-in autopatch and land line con¬ 
trol. You simply plug in the phone line, hook up the duplexer, and 
you're on the air! The usual months of problems are eliminated! 
The SCR1000/SCAP has been meticulously engineered to provide 
the smoothest performing patch together with a positive land line 
control of the repeater. Just look at all these features: 


Features: 

• Normal patch, or secure “reverse** 
patch 

• 3 digit anti-falsing access — single 
digit disconnect 

• 3 digit on-off control of repeater 
transmitter 

• Wide range audio AGC on input 
and output 


• 4 sec. time limit on access 

• Built-in adjustable time-out func¬ 
tion — patch shuts down in 30-90 
sec. if no carrier is received 

• User can mute phone line audio 
simply by Keying his mic button — 
prevents embarrassing language 
from being repeated 

• Patch access and repeater control 
— either over the air or over the 
land line 


The SCR100Q/SCAP Is a complete Autopatch Repeater — fully assembled, set-up and 
checked-out In our lab. As with all Spec Comm products, all workmanship and components 
are of the very highest quality. The price? A very reasonable $1585.00 — complete! ($2080.00 
W/WP641 Duplexer.) (For Rptr., w/o FL-6 Rcvr. Preselector, deduct $85.00.) Get your order In 
A.S.A.P. 


• The SCR 1000 — the finest repeater available on the amateur market . . . often 
compared to “commercial” units selling for 3-4 times the price! This is a 30Wt. 
unit, with a very sensitive & selective receiver. Included is a built-in AC Supply, 
CW IDer, full metering and lighted status Indicators/control push buttons, 
crystals, local mic, etc. Also, jacks for emergency power, remote control, 
autopatch, etc. 

• Custom options available: Duplexers, Cable, 'PL', HI/LO Power, Touch Tone 
Control, Racks, etc. Inquire. 

• The Spec Comm Repeater System ... a sound investment... available only by 
direct factory order. SCR1000 w/FL-6 Rcvr. Preselector $1035.00. ($950.00 w/o 
FL-6.) Commercial price somewhat higher. 

• A Full Line of Repeater Boards & Assemblies Are Also Available: 
Inquire. 


Call or write today and get the details! Send for Data Sheets! 



SPECTRUM COMMUNICATIONS 

1055 W . Germantown Pk n Norristown PA 19401 (215)631-1710 
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numerical system uses a combina¬ 
tion of letter and number designa¬ 
tions. The letters tie in with the origin 
or common term for the antenna 
(such as NMO for new Motorola- 
mount, MM for magnetic mount, 
etc.). The numerals always relate to 
the frequency. 

The Select-a-Charts give on a sin¬ 
gle page all the various mounting 
options available for any specific an¬ 
tenna style. In just two simple steps 
the user can zero in on the mobile 
antenna he requires for a particular 
application. 

Copies of the Larsen catalog are 
available by writing to Larsen Elec¬ 
tronics, P.O. Box 1686, Vancouver, 
Washington 98663. 


quick-disconnect 
mobile mount bracket 



Scientific Dimensions, manufac¬ 
turer of the STOP-A-THIEF “Quick 
Disconnect" radio slide mount sys¬ 
tem, has just introduced a new unit 
to the line: the SDI-700. This slide 
mount provides easy removal of two- 
way radios for antitheft and/or con¬ 
venience in transferring and inter¬ 
changing radios from one vehicle to 
another. The new SDI-700, with its 
AMP Coaxicon contact will handle 
up to 500 MHz so it can be used for 
amateur and small business radios at 
the economical price of $19.95 each. 
It is the same high quality mechanical 
design as the popular model SDI- 
1000 with its gold-plated AMP Coaxi¬ 
con contact, which will handle up to 
1000 MHz. 

All models in the "Quick Discon- 
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VLF Converter 


nect" mobile radio slide mount line 
feature the modified AMP Duafatch 
connector system which houses the 
AMP Miniature Coaxicon coaxial 
cable contact. This assures maximum 
performance and absolute contact 
for thousands of connections. The 
radio is easily removed by the opera¬ 
tor when leaving his vehicle, to pre¬ 
vent theft of the radio and damage 
to the vehicle. 

The SDI-700 unit, like the SDI- 
1000, is precision made of 16-gauge 
steel with durable chrome finish. It 
has a three-way spring lock to guar¬ 
antee positive connector contact 
every time and to eliminate rattles 
while the vehicle is in motion, yet the 
lock is designed to enable easy and 
quick removal of the radio from its 
mount in the vehicle with just a slight 
finger pressure on the release lever. 
All wire leads in the slide mount unit 
are securely clamped into place to 
prevent breakage. The no. 18 AWG 
stranded power and accessory leads 
have 10 ampere capacity, and the 
coaxial cable is RG-58C/U with UHF 
connectors attached. 

To provide for easy transfer of the 
radio to another vehicle, Scientific 
Dimensions offers extra individual 
stationary mounts for each unit. The 
company has also designed and pro¬ 
duced the universal TILT-N-TURN, 
model SDI-500 mounting bracket 
for all its slide mount units to provide 
easy visibility and operation of the 
radio. The SDI-500 unit is easily 
mounted on a vehicle's hump,‘floor, 
roof, or dash and similar locations on 
boats and farm equipment. It pro¬ 
vides 50 degree tilting and turning 
flexibility, making head-on viewing 
possible from the driver's seat, thus 
reducing distraction of attention from 
operating the vehicle. 

For more information on the com¬ 
plete line of Scientific Dimensions' 
products, use check-off on page 
150, or write to them a 1309 McKnight 
NE, Albuquerque, New Mexico 
87102. 



• New device opens up the world of Very Low Frequency 
radio. 

• Gives reception of the 1750 meter band at 160-190 KHz 
where transmitters of one watt power can be operated 
without FCC license. 

• Also covers the navigation radiobeacon band, standard 
frequency broadcasts, ship-to-shore communications, 
and the European low frequency broadcast band. 

The converter moves all these signals to the 80 meter amateur band where 
they can be tuned In on an ordinary shortwave receiver. 

The converter is simple to use and has no tuning adjustments. Tuning of 
VLF singles Is done entirely by the receiver which picks up 10 KHz signals 
at 3510 KHz, 100 KHz signals at 3600 KHz, 500 KHz signals at 4000 KHz. 

The VLF converter has crystal control for accurate frequency conversion, a 
low noise rf amplifier for high sensitivity, and a multipole filter to cut 
broadcast and 80 meter interference. 

All this performance is packed into a small 3" x IV'a*’ x 6” die cast 
aluminim case with UHF (SO-239) connectors. 

The unique Palomar Engineers circuit eliminates the complex bandswitch¬ 
ing and tuning adjustments usually found in VLF converters. Free 
descriptive brochure sent on request. 

Order direct. VLF Converter $55.00 postpaid in U.S. and Canada. 
California residents add sales tax. 

Explore the Interesting world of VLF. Order your converter todayl Send 
check or money order to: 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 


More Details? CHECK-OFF Page 150 
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a second look 

\ by Jim Fisk 


A group of atomic physicists at Western Washington University has predicted that sometime this year 
the first message through the earth, rather than around it by way of the ionosphere, will be transmitted 
along a beam of neutrino particles from a particle accelerator. The neutrino is one of the fundamental sub¬ 
atomic particles, but one of the more elusive ones — Wolfgang Pauli first proposed its existence on theo¬ 
retical grounds in 1930; Enrico Fermi christened the new particle the neutrino (for ''little neutral one"), but 
it wasn't until 26 years later, in 1956, that it was first detected by scientists. 

The interaction of neutrinos with ordinary matter is so weak that, according to classical theory, a neu¬ 
trino could pass through a block of lead that stretched from here to the nearest star without disturbing any 
of the atoms in its path. Since the neutrino carries no charge and has no mass (or nearly no mass, scien¬ 
tists aren't sure), it evaded traditional particle detection methods simply by passing through them without 
affecting them in any way. Billions of neutrinos from the sun pass through your body every second, day 
and night, but it's estimated that a neutrino interacts with one of the atoms in your body only about once 
every ten years. It's no wonder it took 26 years to detect the neutrino's presence! 

While the average neutrino is capable of passing through most of the matter of the universe without 
slowing down or losing any of its energy, it's been found that neutrinos fired in eight-second bursts from a 
high-energy particle accelerator occasionally collide with other particles, at the rate of about one collision 
for every 17 tons of matter that the beam penetrates. Although neutrinos cannot be detected directly, the 
particle debris, light, and noise generated by their collisions can be. When a beam of neutrinos is passed 
through a large volume of water, all along its path some of the collision products emit a forward cone of 
Cerenkov photons which can be detected by a light collector-phototube system. Prototype experiments 
using Cerenkov detectors to intercept cosmic neutrinos 1000 meters below the ocean's surface have al¬ 
ready been carried out. 

In experiments at the 400-billion-electron-volt proton accelerator of the Fermi National Accelerator Lab¬ 
oratory in Illinois, a 20-microsecond pulse of protons is directed into a bar of aluminum — the resulting 
atomic collisions produce about 10-billion neutrinos per pulse. The beam of neutrinos generates about one 
reaction per pulse in a bubble chamber containing 25 tons of liquid neon one kilometer away. With a grid 
of Cerenkov detectors in a large body of water it's predicted that a greater number of reactions per pulse 
would be detected. If information could be encoded into pulses of the neutrino beam, theoretically a mes¬ 
sage could be received and decoded virtually any distance away. 

In the experiment suggested by the group in Washington, a pulsed neutrino beam from the Fermi Lab 
accelerator would be directed downward at an anglq of about 12 degrees so the beam would pass through 
the earth and emerge in Puget Sound, nearly 3000 kilometers away. The detector-target would consist of 
the approximately one-million tons of water in Puget Sound where showers of particles would be recorded 
with each neutrino collision, The tiny flashes of light from the Cerenkov photons would be recorded and 
translated into the original message. Funding for the experiment is being considered by a number of gov¬ 
ernment agencies, including the Navy, which is interested in applications of the technique for deep-water 
communications with nuclear submarines. 

An analysis by the Naval Research Laboratory has shown that, if the energy level of the Fermi accelera¬ 
tor was increased to 1000-billion electron volts, with improved beam focusing, the neutrino event rates 
could be increased by a factor of 10. By using synchronous detection techniques and Cerenkov photo de¬ 
tectors 3000 meters below the surface of the ocean (where they're not bothered by ambient light), it is ex¬ 
pected that one 15-bit message per pulse could be transmitted with very low error rates. With one neutrino 
pulse every 8 seconds, this represents a message rate of 6750 bits per hour. Compared with other methods 
of communications, this is slow, but unlike radio communications, neutrino beams can't be blocked, 
they're not affected by solar storms nor dependent on the ionosphere, and they travel great distances with 
no loss of power. 

Jim Fisk, W1HR 
editor-in-chief 
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SERIOUS QUESTIONS ABOUT AUTOFATCHES and the apparent increase of business-type 
communications on the Amateur bands were raised in an April FCC release, which likened 
"telephone interconnection at Amateur stations" with "the situation in the Personal and 
Business Radio Services.'* Though there were some text problems with the release as 
issued — the Personal Radio Division has requested that it be corrected and re-released 
— it strongly points up growing Commission concern with this area of Amateur Radio. 

Autopatches And Reverse Autopatches in particular were discussed at some length in 
the FCC document. For example, it pointed out that the regulations require a control 
operator be on duty whenever autopatching or reverse autopatching occurs, effectively 
prohibiting autopatch use when a repeater is operating in "automatic control." It 
further stated that "all calls not initiated at an amateur station had to be screened 
by the control operator before being placed on the air." Though a revised release is 
to be issued shortly, it's obvious that autopatch operators and users should start now 
to tighten up their operations. 

Autopatch Financing could raise still another sticky question with respect to ITT 
tariffs, W0MKZ points out in Boulder QSP , if money is collected from users specifically 
to pay for their use of the autopatch. It appears clubs or other groups with autopatch 
repeaters would be on firmer ground if autopatch costs were to be covered as just another 
expense item financed from club revenues. 

THE FCC'S COMPUTER has mistakenly issued duplicate licenses to approximately 3000 new 
amateurs. Some of those who received the dual licenses received two call signs, others 
received two licenses with the same call letters. To end the confusion, the FCC has 
ruled that amateurs with two tickets are to use the license with the later date, and set 
aside the one with the earlier date until informed by the FCC what is to be done with it. 

Two Sets Of "Doubles " were mailed out. The first sets are dated February 28 and 
March 3, the second pairs are dated March 17 and 21. The FCC should have been in touch 
by letter with all amateurs who received two licenses. 

THE 3-CM AMATEUR BAND IS THREATENED by "Amateur Radio" manufacturers who are planning 
to make and market police-radar jammers under the "Amateur Radio" label. The March issue 
of Communications Retailing described one such unit being sold as a "radar calibrator," 
quotes a company officialas saying they may designate their jammer as amateur equipment 
to escape FCC's controls on such items and it should be on the market in May. 

Whatever The Result of all this, amateurs seem likely (as with the 10-meter linear 
ban) to be the losers in the end. Even the radar detector manufacturers oppose the 
jammers, according to Communications Retailing , on the grounds that they're almost cer¬ 
tain to generate legal sanctions that would include detectors. 

NEW CHIEF OF THE FCC'S Safety and Special Services Bureau is Carlos Roberts, replacing 
Charley Higginbotham whose retirement became official April 7. Roberts comes to Safety 
and Special Services from the FCC's Office of Plans and Policy, where he's been Chief 
since July, 1975. He's been with the FCC since graduating from college in 1970, starting 
with the Field Operations Bureau. In 1973 he supervised a Special Enforcement Facility 
for CB rules, so he's no stranger to either CB or Amateur Radio. 

R. L. DRAKE HAS OPPOSED FCC'S ban on 10-raeter linears with a Petition for Reconsider- 
ation Tiled near the end of April. The thrust of Drake’s objection to the ban is that 
compliance with the Type Acceptance requirements will effectively prevent an amateur 
amplifier's use by a CBer, so the ban unnecessarily penalizes Amateurs and those who 
serve the Amateur market. Several other major amplifier manufacturers were actively con¬ 
sidering similar action, with ETO also filing a Petition for Reconsideration. 

HY-GAIN HAS BEEN PURCHASED BY TELEX and planned to be back in production May 1 as a 
divisionof theTelex Corporation. TKe product lines will include amateur antennas and 
electronics, marine antennas and gear, government and commercial antennas, and CB anten¬ 
nas. Notably lacking will be the CB electronics that caused so many of their problems in 
recent months. 

FIRST 2-METER E-M-E contact between North and South America was logged the end of 
March by W4WD and Y\T5ZZ. Fine signals were reported at both ends. K1WHS worked YV5ZZ 
an hour later. 

Rare States On 70 cm E-M-E (ND, SD, WY, MT, ID) will be provided by K.2UYH during a 
mid-June cross-country trek. A1 will appreciate set-up and operating help — write 
Dr. Allen Katz, Department of Engineering Technology, Trenton State College, Trenton, 

New Jersey 08625. 

THE SMITH CHART ARTICLE in the March ham radio quoted an incorrect price for packages 
of 100" charts. The correct price is $6.50 per hundred from Analog Instruments Company, 
Post Office Box 808, New Providence, New Jersey 07974. 
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RTTY SELCOM 


Discussion of the 
RTTY SELCOM — 
an advanced 
TTL design, 
providing selective 
character recognition 

One of the first applications of digital logic to 
RTTY was the RTL SELCAL described by Lamb. 1 
Capable of recognizing a single sequence of four 
characters, it proved very laborious and costly, since 
there were over 300 wired connections to be made in 
the basic unit. This concept, however, was expand¬ 
ed and translated into TTL form in the TTL SELCAL 
described by Branscome. 2 Although this unit was 
constructionally simpler, even with expanded capa¬ 
bilities, it still did not overcome the cumbersome de¬ 
coding process, or provide for easy expandability. 

Shortly after the TTL SELCAL was introduced, the 
CATC group 3 tackled the problem of sequential char¬ 
acter recognition, hoping to overcome the two main 
problems presented by the TTL SELCAL. By 1972 the 
objectives had been met, and circuit boards were 
fabricated for what was known as SELCOM I. This 
unit dramatically expanded the flexibility to decode 
all 32 Baudot characters and could recognize nearly 
unlimited strings of characters. Many of the sequen¬ 
ces were to be used as se/ective station control 
commands, hence the name. 


Probably the most powerful discrete logic sequen¬ 
tial decoder ever developed, the SELCOM was also 
far easier to program than the earlier SELCALS since 
only one connection, instead of five, was required 
per character. This ease in decoding had been 
achieved by the use of a 1-of-32 decoder. In this 
manner, the Baudot character set was decoded, pro¬ 
viding access to characters, rather than the bits as in 
the SELCAL versions. And, to provide expandability, 
a 32-character bus was connected to every sequen¬ 
tial decoder board. This bus could be expanded as 
desired since each line of the bus was capable of 
handling up to 500 TTL loads. 

In May, 1973, the discrete bus drivers were re¬ 
placed with TTL buffers, lowering the drive to 30 in¬ 
stead of 500 loads. Even with this change, SELCOM II 
still retained the versatile bus structure of the original 
version. 

Version III of the SELCOM incorporated a MOS 
UAR/T. This chip, a natural for the SELCOM, had 
already been in use for several years by various com¬ 
puter manufacturers, but the single quantity price 
was prohibitively high for amateur work until about 
December, 1973. Offering significant simplification, 
the UAR/T provided all functions except those of the 
clock and character decoders, and in addition, of¬ 
fered new functions not available in earlier versions 
of the SELCAL or SELCOM. They included regenera¬ 
tion of the received RTTY signal, speed conversion, 
and the ability to handle any code of 5 through 8 bits 
with only a simple jumper change. 

By Robert C. Clark, K9HVW, Archie Lamb, 
WB4KUR, and Fred R. Scalf, K4EID. Mr. 
Clark may be reached at 930 Chestwood 
Avenue, Tallahassee, Florida 32303. 
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fig. 1. Schematic diagram of the DU-200 Universal UAR/T module. The jumper placement is explained in the text and also table 1, 
The UAR/T is available from either Texas Instruments or General Instruments. The buffers for the receiver output and flag lines 
can be eliminated if the lines are used for feeding only one TTL load. 
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In early 1974, an attempt was made to eliminate 
the mechanical problems presented by the double¬ 
width cards used in earlier SELCOMs. To do this, the 
versatile bus structure was abandoned in favor of a 
functional module approach. These modules provid¬ 
ed a versatility not possible in the earlier versions of 
the SELCOM. With the change to single-width cards. 
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fig. 2. The DU-210 character decoder uses two 1-of-16 de¬ 
coders as a 1-of-32 decoder. Both 74154s receive bits 1 
through 4, while bit5 is used to select the appropriate 74154. 
The single inverter is provided if more than one DU-210 de¬ 
coder is used. 

the modules of SELCOM IV are now the same 
physical size as the DT-500 4 and DT-600 boards. 

The group of modules to be described form 
SELCOM IV, or individual modules may be used in 
other applications. The modules include: 

1. DU-200 Universal UAR/T 

2. DU-210 Expandable 1-of-32 Character decoder 

3. DU-220 Sequential Decoder 

4. DU-300 Mini-SELCOM 


SELCOM IV may be used with 5, 6, 7 or 8 bit codes at 
speeds up to 9600 bits per second. The following de¬ 
scription is for the five-bit Baudot code used for ama¬ 
teur RTTY at 45.45 and 74.2 baud, but the unit is 
designed for expansion to the full 64-character ASCII 
code group. 

SELCOM features 

DU-200 Universal UAR/T. The DU-200 (fig. 1) is 
not only the heart of the SELCOM system, but also 
provides a powerful functional module for many 
other applications as well. It may be used for tele¬ 
printer signal regeneration, speed conversion, serial- 
to-parallel data conversion, parallel-to-serial data 
conversion, code conversion (Baudot to ASCII, ASCII 
to Baudot, Baudot to Morse, etc.), and many other 
ways. All the features of the UAR/T have been made 
available in the DU-200, either through hard-wired 
jumpers or through external control. In this way, the 
same board may be configured as a Baudot or ASCII 
regenerator, an interface between a serial RTTY sta¬ 
tion and a parallel I/O port of a microprocessor, a 
SELCOM, or a wide variety of other applications. 

The DU-200 consists of the UAR/T, interface (buf¬ 
fering), control, and clock functions. The UAR/T 1C 
(U1) functions as two nearly independent circuits, a 
digital receiver and a digital transmitter. The receiver 
accepts serial data in a particular format (selected by 
the user), checks for format errors (parity error, miss¬ 
ing stop bit, etc.), and outputs the data in a parallel 
form. The transmitter accepts parallel data, adds 
start, stop, and parity bits, and sends the data in a 
serial format at the data rate selected. If the parallel 
output of the receiver is connected to the parallel in¬ 
put of the transmitter, the unit functions as a regen¬ 
erator. The two sections may be used independently, 
but the data format for both sections must be the 
same. That is, both the receiver and transmitter must 
operate with the same code, parity, and so on. Under 
certain conditions they may operate at different 
speeds. 

The UAR/T is capable of accepting data with up to 
43 per cent distortion (more in some cases) and re¬ 
sending it with less than 1 per cent distortion. Typical 
teleprinters are capable of accepting less than 30 per 
cent distortion, while many keyboards and transmit¬ 
ter distributors generate signals with large amounts 
of distortion. As machines age, their ability to accept 
distortion is diminished and their ability to produce it 
is increased. The use of the DU-200 as a regenerative 
repeater offers improvements to all mechanical tele¬ 
printers, keyboards, and transmitter distributors. 

Under marginal conditions several undesirable sit¬ 
uations may exist with the mechanical teleprinter. 
Typically, high-frequency propagation phenomena 
tend to add distortion to that which already exists on 
the transmitted signal. For this reason, it is highly de- 
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sirable that the transmitted signal have a minimum of 
distortion* If the DU-200 is used to process the trans¬ 
mitted signal, then this criteria will be met. Even if 
the transmitted signal is perfect, distortion will be 
added by the time the signal reaches the receiver. 

Another problem that exists with a mechanical 
teleprinter is that a short noise pulse may be read as a 
start. When this happens, a clutch is released, begin¬ 
ning the sequence of events which decode and print 
a character. The teleprinter shaft must complete one 
full revolution before it can recover from this prema¬ 
ture start. If the real start bit is received during this 
revolution, the printer will not be able to get back in 
synchronization with the sending station. In such a 
situation, the printer may print garbage for several 
characters. Most brands of the UAR/T though, after 
receiving what appears to be a start bit, recheck to 
determine that the start bit is still at the appropriate 
level in the middle of the bit. If the start bit is not 
valid, then the UAR/T is immediately reset. Thus, the 
probability of the receiving station staying in syn¬ 
chronization with the sending station is greatly im¬ 
proved. 

Another undesirable condition exists when the 
received signal drops below the noise level and gar¬ 
ble is printed. If the signal is not capable of providing 
the necessary information for character recognition, 
then it is quite likely that the appropriate level will not 
be maintained during the stop bit. This is termed a 
Framing Error and the UAR/T provides a flag to indi¬ 
cate this error. The flag may be used to suppress the 
transfer of the character to the transmitter section. If 
this feature is selected, the mutilated character will 
not be printed. A similar feature is available for parity 
errors on received characters. 

The UAR/T will respond only to those characters 
that appear to be valid RTTY. It will not respond to a 
steady space (a single blank character will be trans¬ 
ferred to the transmitter section unless the Framing 
Error flag has been used to suppress the transfer) 



Photograph of the DU-200 Universal UAR/Tboard. 



fig. 3. Diagram of the DU-220 sequential decoder. Several 
similar sections are on each board. Each channel input is 
connected to the desired character output from the DU-210 
decoder. 

while most noise and CW will transfer fewer charac¬ 
ters to the printer than if the UAR/T were not pres¬ 
ent. With the DU-200 on-line, the appearance of 
the page is dramatically improved, with any 
demodulator. 

- If the clock applied to the transmitter and receiver 
sections of the UAR/T are set for different rates, the 
UAR/T will function as a speed converter. For exam¬ 
ple, if a 100 wpm (74.2 baud) printer is used, it's pos¬ 
sible to receive any speed up to 100 wpm without 
expensive and noisy gear shifts. By providing a buf¬ 
fer memory between the receiver and transmitter 
sections, the DU-200 can function as a down con¬ 
verter. Of course, if the size of the buffer is finite, 
then the UAR/T receiver will deliver characters to the 
buffer faster than the transmitter section clears 
them, causing the buffer to overflow. In the case of 
overflow, the UAR/T provides an Overrun Error flag 
which may be used to signal an external device to 
withhold further characters. 

DU-210 Character Decoder. The DU-210 (fig. 2) 
recognizes which one of 32 possible characters has 
actually been received by the UAR/T in the DU-200. 
Several DU-210 boards may be used to recognize 
characters from larger character sets. Two DU-210 
boards may be used to recognize the 64 characters of 
the ASCII-6 subset and four may be used to recog¬ 
nize the 128 characters of the full ASCII set. In fact, 
the DU-210 may be used in many applications where 
one particular binary code must be recognized. 
Sequential Decoder. The DU-220 (fig. 3) works 
with the DU-200 and DU-210 to recognize sequences 
of characters. It might be wired to recognize the sta¬ 
tion call, setting a latch when the call is received. 
This latch could be used to prevent the station printer 
from operating until the call was received. In fact, the 
DU-220 is capable of detecting a number of sequen¬ 
ces, each of which may control some event such as: 

1. Turn on reperforator. 

2. Turn off reperforator. 
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fig. 4. Schematic diagram of the power-up clear and latch circuitry. By using open-collector inverters, the reset line can be fed 
from several diferent sources. This circuit ensures that the transmitter control will come up in the transmitter off condition. 


3. Start CW identification. 

4. Turn transmitter on. 

5. Turn transmitter off. 

If necessary, these control sequences may be con¬ 
figured so that they will be recognized only when the 
source is the local keyboard. 

The DU-220 is quite versatile in that it may be used 
to detect a sequence of events independent from the 
SELCOM system. For instance, the DU-220 might be 
used to recognize a sequence of digits from a Touch- 
Tone* decoder. Certain sequences could be pre¬ 
vented from reaching the telephone lines, with 
others being used to control repeater functions. In 
addition, the DU-220 could also be used to recognize 
a sequence of switch closures in an electronic lock. 

circuit description 

DU-200 UAR/T Board. Serial data for the UAR/T is 
first applied to pin 5 of U2A, The input to pin 20 
(Serial Data /nput) of U1 is jumpered to either pin 4 or 
pin 6 of U2 depending on the sense of the data (mark 


table 1 UAR/T programming information. 


function 

format 

conditions (UART pins) 

Code Length 

5 bit 

pin 37 low, pin 38 low 


6 bit 

pin 37 low, pin 38 high 


7 bit 

pin 37 high, pin 38 low 


8 bit 

pin 37 high, pin 38 high 

Parity Selection 

Parity 

pin 35 low 


No Parity 

pin 35 high 

Odd/Even Parity 

Odd Parity 

pin 39 low 


Even Parity 

pin 39 high 

Stop Bit Select 

One Stop Bit 

pin 36 low 


Two Stop Bits 

pin 36 high (for some 


manufacturers, a 1.5 bit stop 
is provided for 5 bit codes). 


low or mark high). The UAR/T is programmed, by 
either hard wiring or external devices, as shown in 
table 1. 

The speed of the received data is selected by an 
external clock set to sixteen times the baud rate. For 
60 wpm, the clock would be set to 43.43 Hz x 
16 = 727.27 Hz. On the first mark to space transition, 
an internal counter is reset and allowed to count 
clock pulses. Each brand of UAR/T has some provi¬ 
sions for verifying that the mark to space transition 
was a valid start bit. If the start is verified, the 
counter continues, in turn controlling a serial-shift 
register, so that each received bit is stored in the shift 
register. At the time of the expected stop bit, another 
check is performed. If the stop (a mark) is not pres¬ 
ent at the required time, the Framing Error (FE) flag is 
raised to indicate an invalid condition. In the same 
manner, if a parity check has been requested, and 
the proper parity is not verified, the Parity Error (PE) 
flag is raised. The Overrun Error (OE) flag is available 
to indicate that one character has not been removed 
from the receiver holding register before the next 
character took its place. These flags may be used to 
control indicators, keep the character from being 
printed, or control error-correction schemes. 

When a complete character has been received and 
transferred to the receiver-holding register (only 
complete characters appear at the receiver holding 
register output), pin 19 of the UAR/T (Data /?eady) 
goes high to indicate that the character is available in 
parallel form on pins 5 through 12 of U1. U5 isa two- 
stage shift register clocked by the receiver clock. The 
high from pin 19 of U1 (DR) is transferred through U5 
after the next two successive clock pulses. The out- 

* Touch-Tone is a registered trademark of the American Telephone and 
Telegraph Company. 
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fig. 5. By using this fail safe timer, the transmitter will be turned off if an identification is not sent every 10 minutes. As with all 
other diagrams, the power supply connections have not been shown. If the return line from the identification unit is low when 
the ID is running, J1 should be connected; if high, J2 is connected. 


put of the first stage (U5A pin 6) is applied to the 
Data Ready Reset (DRR) of U1, resetting the DR line. 
In addition, the Q output of the second stage feeds 
the Transmitter /Voiding Register load (THRL) line of 
U1, loading the parallel data from the receiver into 
the transmitter holding register. This action of U5 
guarantees that DR stays high for exactly one clock 
period. Some brands of UAR/T require a rising edge 
for THRL, while others require a falling edge. The 
DU-200 provides both a rising and a falling edge, and 
hence will function with most of the UAR/Ts on the 
market. The direct clear for the second stage (U5 pin 
13) may be used to prevent the character from being 
loaded into the transmitter holding register. Jumper 
J8 allows the Framing Error flag to suppress charac¬ 
ters with a missing stop pulse. A similar procedure 
may be used for parity errors and overrun errors. 

The UAR/T handles steady spacing in an interest¬ 
ing manner. If J8 is omitted, then a steady space will 
cause a single blank character to be transferred to 
the transmitter. No other characters will be trans¬ 
ferred to the transmitter until the data line returns to 
mark and a valid start pulse is detected. If jumper J8 
is installed, then no characters will be transferred to 
the transmitter. Hence, it is not possible for the print¬ 
er to run open. This action is superior to the anti¬ 
space offered on the ST-6 and DT-600. 

The character transferred to the transmitter hold¬ 
ing register will in turn be transferred to the trans¬ 
mitter register when empty. Notice that the UAR/T 
may be simultaneously processing 3 characters, send¬ 
ing one character, holding a second character, and 
receiving a third character. The status of the trans¬ 
mitter registers is indicated by pins 22 (Transmitter 
A/olding Register Empty) and 24 (Transmitter 
Register Empty) of U1. When a character reaches the 
transmitter register it is clocked out in serial form (at 
pin 25 of U1, Serial Data Out) according to the for¬ 
mat previously selected, at a speed determined by 
the transmitter-register clock. If this clock is the 
same one used for the receiver, then the unit oper¬ 
ates as a regenerative repeater. If the clocks are of 


different frequencies, then the DU-200 operates as a 
speed converter. If the receiver speed is higher than 
the transmitter speed, the characters may arrive at 
the transmitter holding register faster than they may 
be accepted and a buffer memory must be provided 
to avoid overrun. 

Two clocks are installed on the DU-200 board. In 
addition, jumpers are provided so that one clock may 
be used to operate both the receiver and transmitter, 
or a separate clock may be provided for each. It is 
also possible to supply clock signals from an external 
source. A crystal-controlled clock, supplying multiple 
baud rates, has been designed as part of the CATC 
line. The 555 1C (U3 and U4) has proven to be ade¬ 
quate as a clock, as long as the ambient temperature 
is relatively stable. Wide frequency excursions can be 
expected with wide temperature variations. Most of 
this frequency shift can be attributed to the thermal 
characteristics of the resistors and the capacitor 
which form the RC timing portion of the oscillator. 
Choice of components, to minimize this shift, will im¬ 
prove the drift characteristics of the oscillator. A 
polystyrene capacitor is recommended. Also, metal- 
film resistors will show a significant improvement 
over the carbon composition types. The configura¬ 
tion of the timing resistors (R4, R5, and R6 for U3) 
was chosen for stability and is superior to most 
shown in other articles. 

Oscillator frequency is the only adjustment re¬ 
quired for the DU-200. The frequency should be set 
in accordance with table 2, while measuring at pin 3 
of the 555. 

Since the UAR/T is only capable of sinking one TTL 
load, buffering has been provided on the output and 
flag lines. If only one load is to be connected to any 


table 2. Oscillator frequency of the 555timer. 


speed 
60 wpm 
European 
75 wpm 
100 wpm 


baud rate 

45.45 

50.00 

56.83 

74.18 


clock frequency 
727.273 Hz 
800.00 Hz 
909.280 Hz 
1186.880 Hz 
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UAR/T output, and none of the flags or control sig¬ 
nals are to be used externally, then U6 and U7 may 
be eliminated and a jumper used to complete the 
circuit. 

The UAR/T is available from a number of manufac¬ 
turers. The Texas Instruments TMS-601 INC, Gener¬ 
al Instrument AY-5-1013, and the Western Digital 
TR-1602A have all been tested in the DU-200. Diffi¬ 
culties have been experienced with the TR-1602A 


The DU-220 Sequential Decoder. As shown in fig. 
3, selected character lines from the DU-210 are con¬ 
nected to the inputs of the DU-220. Suppose that the 
enable line of the DU-220 is low and that characters 
A, B, C, and D from the DU-210 have been connect¬ 
ed to CHI, CH2, CH3, and CH4 respectively of the 
DU-220. When the DU-200 receives an A, it is recog¬ 
nized by the DU-210, and the CHI line of the DU-220 
pulled low. Only when both inputs of U1A are pulled 



fig. 6. The printer-control portion prevents the printer from operating until the correct sequence of letters is received and the call 
latch is set. This latch is reset by a four N reset, the idle line reset, or by the normal reset line. The serial data for the idle line reset 
can be either high or low. with the appropriate jumper connected. For a mark low. use J1 and for mark high, use J2. 


when the received data did not have a stop bit. 
Therefore, only the TMS-601 INC and AY-5-1013 are 
recommended. 

The DU-210. The buffered outputs of the UAR/T 
receiver-holding register (RR1 through RR8 on the 
DU-200 board) are connected to the one-of-32 
decoder on the DU-210 board. Two 74154 (U1 and 
U2) decoders are used. The first four bits of the 
received character are used to address the two 
decoders, while the fifth bit is used to select one of 
the decoders. When a decoder is selected (pins 18 
and 19 low) only one of the output pins will be low. 
Hence, if the enable line of the DU-210 is held low, 
then only one of the 32 output lines will be low for 
any five-bit binary code on the input lines. The char¬ 
acters of the Baudot set have been shown on the 
output lines in fig. 2. 

Because of the nature of the UAR/T, it is permissi¬ 
ble to leave the DU-210 enabled at all times, since 
only complete characters are available at the output 
lines of the receiver holding register. There is no need 
to worry about glitches at the output of the DU-210 
as one character replaces another in the DU-200. 

Several DU-210 boards may be used for a charac¬ 
ter set larger than the 32 characters in the Baudot 
set. In such a case, only one enable input at a time 
may be allowed to go low. The extra section of U3 
has been provided to facilitate such connections. 


low does the output go low. This low is presented to 
the D input of U2A. Shortly after the character is 
recognized, the DU-200 DR line goes high, indicating 
that a character has been received and is stable in the 
receiver holding register. The leading edge of the DR 
line pulse clocks the D level through to the Q output 
of the flip flop. Since the other character lines are not 
low, all other flip flops in the chain will be reset pro¬ 
ducing a 1 on the Q output. The high from the output 
of the first D flip flop is used to enable U1B. If the 
next character is a B, then the other input of U1B is 
pulled low (the output of U1A will not change until 
the next DR pulse is received). This output is applied 
to the D input of U2B and is transferred to the output 
when the DR line goes high. If the next two char¬ 
acters are C and D, this sequence is continued 
through to U2D. The low on the output of U2D indi¬ 
cates that A, B, C, and D have been received in that 
order. If at any time a different character is received, 
or the characters are not in the right order, the 
sequential decoder is reset. It will respond only to the 
right characters in the right order. The output of this 
sequential decoder may then be used to control a 
number of station control functions. 

station control 

Power-up Circuitry. When digita/ equipment is first 
turned on, latches and flip flops come up in random 
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states. The portion of the station control logic shown 
in fig. 4 is a power-up reset which resets all control 
functions when the power is first turned on. It also 
guarantees that automatic features are enabled only 
when desired by the operator. 

The latch formed by U1A and U1B is used to ena¬ 
ble any automatic functions. The operator may set or 
reset this latch with SI and S2. Q1 and U3A form the 
power-on clear portion of the circuit. As the five-volt 


the input of U2, a 7493 four-stage binary counter. 
When the 7493 has counted eight clock pulses (10 
minutes) the D output goes high. This high is 
inverted by U3A and the resulting low is used to pull 
the reset line down, resetting the transmit/receive 
latch. 

The counter may be reset to zero at any time by 
starting the CW identification device. A line from the 
identification device resets the 7493 when the ID 
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fig. 7. Bell and line-feed control. This circuit prevents the excessive ringing of the bell and the excessive line feeds. 


supply starts up from zero, the base of Q1 is held low 
by the 47/*F capacitor. The capacitor begins to 
charge slowly through R1, but the voltage on the ca¬ 
pacitor will not turn on Q1 for several seconds. By 
this time the five-volt supply has stabilized and the 
U1A latch is reset. The R output is low any time the 
latch is reset, and is used to disable or reset other cir¬ 
cuits in the station control. The 7405 open collector 
hex inverter allows the output of the enable latch to 
be "QR tied" with other resets, in this case from 
U3F. U3E and U3F provide an additional reset from 
the DU-220, resetting all latches. 

Fig* 4 also shows the transmit/receive latch. In 
addition to being set or reset manually by S3 and S4, 
the latch is reset from the reset line. This means that 
the transmitter will be turned off by the power-up re¬ 
set, a manual reset of the enable latch, or by the re¬ 
set function (figures, blank, space). The provision for 
a reset function allows the transmitter to be turned 
off by a code typed on paper tape. Thus, the opera¬ 
tor may cut a tape (concluding with the reset 
sequence) and then look for something more inter¬ 
esting to do than sit and watch the tape play. At the 
end of the tape, the reset sequence will turn the 
transmitter off. 

Identification and fail-safe timer. The fail-safe 
timer (fig. 5) guarantees that the transmitter does 
not stay on the air for an unintentional extended peri¬ 
od of time (as when the tape tangles and tears). U1 is 
another 555 which is enabled only when the trans¬ 
mitter is on the air. The timing components have 
been chosen so that the period of the oscillator is 
1.25 minutes. The pulses from the 555 are applied to 


starts. Options are provided so that the CW run line 
may be active low or active high. 

If the 7493 reaches a count of seven without being 
reset, then pins 12, 9, and 8 are all high. When the 
next line feed is received, USA is enabled, and if the 
transmitter is on, U3B provides a low, starting the 
CW identification device. The keyboard and trans¬ 
mitter distributor must be inhibited though while the 
CW device is running. 

It should also be possible for the operator to start a 
CW identification earlier than 8 minutes and 45 sec¬ 
onds into the transmission. In my case, the sequence 
figures, line feed is used to insert a CW identification 
at any time the transmitter is on. The outputs of U3B 
and U3C are OR tied to provide both automatic and 
semi-automatic identification. A manual push button 
is also provided to start the identification. 

Printer control. The call latch (fig. 6) is mainly used 
to prevent the station printer from operating until the 
correct sequence is received. When the DU-220 has 
recognized the four-character sequence (in my case 
letters H, V, W) the call latch is set. It may be reset in 
any of the three different ways: by the sequence N, 
N, N, N, by a lack of activity on the serial data line, 
and by the enable latch. 

The four N counter (U2) counts DR pulses as long 
as the N line from the DU-210 is low. When the coun¬ 
ter reaches four it is forced to a count of nine. The 
resultant high on pin 11 is inverted and used to reset 
the call latch. A unique feature of this counter is that 
it will automatically reset on the first character after 
the fourth N. 

As all stations have not developed the procedure 
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of sending four Ns at the end of each transmission 
(or they might be sent, but not received) another 
method of resetting the call latch is desired. The 
method chosen is to monitor the serial data line for 
mark/space transitions. If no transitions are detected 
for thirty seconds, the call latch will be reset by the 
action of U4. This 555 is configurated as a mono¬ 
stable with a period of thirty seconds. Each time the 
serial data line goes to the space level, the 47 /*F ca¬ 
pacitor is discharged through Q1 and the sequence 
begins again. Pin 3 of the 555 goes low after thirty 
seconds of no transitions and resets the call latch. 

Another latch (U1C and U5A) is used to control a 
reperforator. The sequence letters, H, V, W, letters, 
blank, S sets the latch and turns the reperforator on 
(the call and reperforator latches are used to enable 
and disable the DD-350 selector magnet driver and 
motor control). The reperf latch is reset by the 
sequence letters, H, V, W, letters, blank, D or any 
sequence or event that resets the call latch. 

At times it is helpful to control machine functions 
to save wear and tear both on the operator and 
machine. One function that is not always valuable is 
the bell. The operation of the bell on random noise is 
irritating and the excess use of the bell by some oper¬ 
ators is infuriating. Fig. 7 shows one method of con¬ 
trolling the bell function. Initially, the printer bell is 
disabled and replaced by a Mallory Sonalert. U1A 
and U1B form a 2-bit shift register. The first stage is 
enabled by a figures function and the count is 
allowed to continue if the next character is an S. The 
output of U1B goes high when the sequence figures, 
S has been received, triggering U3A which controls 
the time the Sonafert is on. The reset input of U1A 
may be used to inhibit the operation of the bell. One 
way to use this would be to connect the disable pin 
to the output of the call latch in fig. 6. In this way, 
the bell will ring only when the station call has been 
sent and then the sequence figures, S is received. 
This should eliminate all bells directed at someone 
else and the repeated ringing of the bell. 

In a similar manner, the machine may be prevented 
from responding to a sequence of line feeds. U4A 
and U4B count DR pulses as long as the received 
character is a line feed. When two consecutive line 
feeds are received, the output of U4B goes high, is 
inverted, and the character suppression input of the 
DU-200 is pulled low, preventing the character from 
being transferred to the printer. As long as line feeds 
are sent, no characters will reach the printer. When a 
character other than a line feed is received, the 
U4A/U4B counter is reset and characters will again 

'As with the DT-500, DT 600, Dl 70, and DD 350, boards are being pro¬ 
duced by Data Technology Associates, Box 431912, Miami, Florida 33143. 
The DU-200 board is available with construction notes for $12.50 plus $.75 
for first-class postage. The format is the same as the DT-600. 


reach the printer. If the operator wishes to double 
space, a sequence of carriage return, line feed, let¬ 
ters, line feed, letters will circumvent the line feed 
counter and allow two lines to be turned up. 

Many other station control functions may be pro¬ 
vided for with the SELCOM system. Another possibili 
ty would be to establish two frequencies within the 
same band , one for general calling and the other for 
third-party traffic. Station A may call station B on 
the general calling frequency and send a code to 
switch station B to the traffic frequency. Station A 
then sends traffic to station B on the second fre¬ 
quency, resetting station A to the calling frequency 
at the termination of the traffic. The SELCOM can 
control almost any function that the operator can 
dream of. 

summary 

The SELCOM is a powerful digital building block 
which may be used to implement a wide range of sta¬ 
tion control applications. In a subsequent article, the 
DU-300 will be presented. The DU-300 Mini-SELCOM 
is a single board which provides many of the func¬ 
tions of the DU-200, 210, 220, and the station control 
board. The DU-300 provides regeneration, speed 
conversion, call-letter recognition, four INI turn-off, 
printer control, and two other (user defined) func¬ 
tions for station control. Also, the trade-offs be¬ 
tween the SELCOM and the Mini-SELCOM will be 
discussed. 

All correspondence should be addressed to Robert 
Clark at the address indicated at the beginning of this 
article. All inquiries with a self-addressed stamped 
envelope will be acknowledged.* 
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receiving preamplifier 

for OSCAR 8 Mode J 


Amateurs who have designed and bui|t vhf and uhf 
transistor circuits in the past are well aware of the 
fact that high performance often seems to be more 
art than science; however, the "art" involved in the 
design of vhf/uhf amplifiers is rapidly giving way to 
science with the utilization of S parameters and com¬ 
puter optimization. Using these techniques, an engi¬ 
neer can design a multi-stage vhf or uhf amplifier in a 
few hours with the aid of a computer and be highly 
confident of the results. The low-noise 435-MHz pre¬ 
amplifier described in this article is a good example of 
the combination of the manufacturer's transistor 
5-parameter data, engineering judgment, and com¬ 
puter optimization. 

design approach 

Virtually all manufacturers of transistors intended 
for vhf, uhf, and microwave applications now utilize 
S parameters to characterize the performance of their 
high-frequency transistors. This fact alone attests to 
the usefulness of this parameter set in the design of 
high-frequency amplifiers. 1 * 2 In conjunction with 
specific noise figure data and bias point considera¬ 
tions, the addition of a computer analysis and optimi¬ 
zation program, and sound engineering judgment, 
you have all the ingredients necessary for a success¬ 
ful design. 

This article describes the design of A low—noise 
435-MHz receiving preamplifier which is intended for 
the reception of the downlink communications chan¬ 
nel of the OSCAR 8; the preamplifier also provides 
excellent performance for communications on 432 
MHz. Basically, the design approach is developed as 
outlined below: 



The 435-MHz preamp using the Microwave Associates 
42141 transistor. The extra chip capacitor, on the collector 
lead of the bias transistor, is used to ensure a good ac 
ground. (Mote the extensive grounding between the two 
sides of the printed circuit board. 


1. Selection of the appropriate transistor. 

2. Determination of the terminal impedances 
(both input and output) required to obtain the spe¬ 
cific performance objectives. 

3. Synthesis of the appropriate matching net¬ 
works to present the desired terminal impedances. 

4. Computer optimization of network component 
values. 

5. Stability analysis over a broad band of fre¬ 
quencies. 

transistor selection 

The main criteria in the selection of a transistor for 
this application is low noise figure coupled with suffi¬ 
cient gain to minimize the second stage contribution 
to the system noise figure. The intended device 
should also be completely specified and character¬ 
ized in terms of 5 parameters and noise figure data. 
In the absence of such data, extensive analysis of the 
amplifier circuit is impossible unless, of course, the 
designer is willing to perform the transistor evalua¬ 
tion and characterization himself. 

The Microwave Associates 42140 series of uhf 
transistors is ideally suited for this application. The 
devices are completely specified and characterized 
over a broad range of frequencies. At optimum bias, 
or dc operating point which results in minimum noise 
figure (Vce“ 8 volts, Iq = 5 mA), the MA42141 has 
the following characteristics: 

S n = 0.64 L - 112° 

5 21 =7.70 L 111° 

5/2 =0.046 L 41° 

5 22 = 0.72 L — 33° 

V ()s =0.32 L38° 

NF mni = 1.80 dB 

where F os is the source reflection coefficient required 
for minimum noise figure. 

transformation networks 

From this data, the design task is to synthesize 
matching networks which present V os to the input of 

By Mark Pride, K1RX, and Kenneth V. 
Puglia, Microwave Associates, Inc., Burlington, 
Massachusetts 01803 
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fig, 1. Block diagram of the low-noise preamplifier stage 
showing the input transformation network, the transistor 
stage, and the output matching network with applicable re¬ 
flection coefficients. 


the transistor while simultaneously presenting a com¬ 
plex conjugate match at the transistor's output. If 
low noise figure was not the prime objective, then 
the design task would be to synthesize input and out¬ 
put networks which would simultaneously provide 
the complex conjugate impedance to the input and 
output of the transistor; this would result in maxi¬ 
mum gain but not lowest noise figure. 

The initial use of the computer is in determining 
the complex conjugate of the transistor's output 
impedance. The computer performs this calculation 
through a program which solves the equation: 


= $22 + 


$2l$12^os 

t-SuTos 


= 0.35 L-54° 


Also of interest is the input impedance of the tran¬ 
sistor which may be calculated from: 


Ft- $u + 


S 21$12^L* 
1 - $22^L* 


The asterisk designates the complex conjugate. 

The design tasks can be more easily understood by 


studying fig. 1 which illustrates, in a block diagram 
form, a cascade of the input network, the transistor, 
and the output network. Fig. 2 is a Smith chart plot 
showing the locations of the various impedance 
points. The Smith chart will aid in the synthesis of 
the transforming networks. (Note that a 150-ohm 
resistor has been added in shunt across the output of 
the transistor to provide a margin of stability to the 
amplifier since the initial analysis in determining the 
complex conjugate of the output impedance indi- 



50 



fig. 3. Design of the input impedance transforming 
network. The Smith chart plot gives preliminary 
component values which will be optimized with a 
computer program. 



fig. 2. S-parameters for the MA42141 transistor 
operated at V ce =8 volts, l c = 5 mA. 


cated that the transistor was potentially unstable 
when terminated with these impedances.) 

The networks required to transform the 50-ohm 
source and load to the desired impedances may be 
designed with the Smith chart. Smith charts are an 
indispensable tool in the design of impedance trans¬ 
forming networks which use reactive circuit elements 
and transmission lines. References 3 and 4 provide a 
clear understanding of Smith charts and their appli¬ 
cations. 

Figs. 3 and 4 may now be used to determine "ball¬ 
park" values for the transformation networks. Vari¬ 
able capacitors have been employed at the input to 
allow for normal transistor manufacturing variations 
as well as to extract the absolute minimum noise fig¬ 
ure available from the transistor. A single variable 
capacitor at the output allows you to peak the gain 
and to minimize the output impedance mismatch. 

Variable capacitors are recommended for this 
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application because it's doubtful that either the 
antenna or the receiver used with the preamplifier 
will provide the desired 50-ohm impedances; in mili¬ 
tary and commercial designs where the source and 
termination impedances are known to be 50 ohms, 
fixed capacitors are usually installed. 



fig. 4. Design of the output matching network 
with a Smith chart. Component values are op- 
timized with a computer program. 


input matching network 

At the input of the preamplifier it is necessary to 
transform the 50-ohm input impedance to the source 
reflection coefficient required for minimum noise fig¬ 
ure (r^). This can be accomplished with a T network 
consisting of a series capacitance, shunt inductance, 
and series inductance. Beginning at the 50-ohm 
point at the center of the Smith chart {which has 
been normalized to l.o) at point A, the series capaci¬ 
tance moves the impedance to l.O-jl.O (point B); 
the shunt inductance rotates this value to 1.5-jO.9 
(point C); the series inductance transforms this to 
the source reflection coefficient V os at 1.5 +j0.66. 

The required reactance values for each of the com¬ 
ponents in the matching network can be read directly 
away from the Smith chart. Note that the series 
capacitance rotates the input impedance from 
1.0 ±j0 at the center of the chart to l.O-jl.O at point 
B. Therefore, the required capacitive reactance is 
-jl.0(50) or -j50 ohms; at 435 MHz this is repre¬ 
sented by 7.3 pF, 

To determine the reactance of the shunt inductor 
it's necessary to first convert to admittance (lower 


case letters designate normalized values). 

Point B z = l.O-jl.O y — 0.5+jO.5 
Point C z~ 1.5—jO.9 y=0.5+j0.3 

The desired transformation requires a normalized 
susceptance of - jo.2; in a 50-ohm system this repre¬ 
sents -0.004 Siemens (0.004 mho) or +250 ohms. 
In this circuit this is provided by 37 nH in parallel with 
2.2 pF (a 5 pF variable allows adjustment within the 
limits indicated by the arrows at point C on the Smith 
chart plot). 

The series inductance transforms the impedance 
of 1.5-jO. 9 at point C to 1.5+j0.66 at T os . This re¬ 
quires a normalized reactance of +jl.56 or 78 ohms 
(28.5 nH at 435 MHz). 

output matching network 

The design procedure for the output matching net¬ 
work is similar to that used for the input network. 
Working from the 50-ohm load back to the collector 
of the transistor, the series capacitor transforms the 
load at A ll.0±j0) to point B ( l.0-j0.58 ); the shunt 
inductor rotates the impedance to 1.23-jO.35 at 
point C. The series inductor then provides the 
desired reflection coefficient for the load 
<r L = 0.35 L 54°) at point D ( 1.23 +j0.80). 

For the desired transformation the series capacitor 
must present a reactance of 0.58 x 50 or 29 ohms; at 
435 MHz this is provided by 12.6 pF. To calculate the 
value of the shunt inductor, the impedance points 
are converted to admittance: 

Point B z~ 1.0 —jO.58 y=0.75+j0.43 

Point C z — 1.23—jO.35 y=0.75+j0.21 

To move from j0.43 to jO. 21 requires a negative sus¬ 
ceptance of -j0.22 or4.5 milliSiemens. This is equiv¬ 
alent to 223 ohms of inductive reactance of 82 nH at 
435 MHz. 

The series inductor required to transform 
1.23- jO. 35 at point C to 1.23 4-jo. 80 a t r L has an in¬ 
ductive reactance of 1.15 x 50 or 57.5 ohms (21 nH at 
435 MHz). A preliminary schematic of the amplifier is 
shown in fig. 5. 

Note that it is necessary only to determine approxi¬ 
mate component values for the matching networks 
because, in this case, a computer program will be 
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fig. 5. Basic 435-MHz low-noise preamplifier circuit 
with component values determined with the aid of 
a Smith chart (figs. 3 and 41. 
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used to adjust the values for optimum performance* 
However, values which are close to optimum will 
result in the usage of less computer time and, hence, 
lower cost. 

Rather than winding inductors which could be 
lossy and cause stray coupling from unwanted radia¬ 
tion, it is better to use lengths of etched transmission 
lines for the inductive elements. This can be done 
providing the line lengths are less than X/8 and pref¬ 
erably less than X/16- This is more easily seen if you 
examine the input impedance of a lossless short-cir¬ 
cuited transmission line: 

rj _ , . 2id 

Zin — +jZ 0 L an ^ 


Where: 


= +jZ 0 tan 0 


Z m = input impedance to the trans¬ 
mission line 

Z 0 = characteristic impedance of the line 
l = length of the transmission line 
X = wavelength 

0 = electrical length of the line in degrees 


Note that this expression represents a pure reactance 
which varies almost linearly with the electrical length 
0, provided that ©is small. Therefore, by varying the 
characteristic impedance Z Q and the electrical length 
0 it's possible to synthesize inductive elements 
which are very accurate and highly repeatable when 
printed-circuit techniques are employed. 

computer optimization 

The next step in the design of the low-noise pre¬ 
amplifier is to select an appropriate computer pro¬ 



fig, 6. Low-noise 435-MHz preamplifier circuit with 
computer optimized circuit values. All inductive 
elements use etched transmission lines of the 
specified characteristic impedance and electrical 
length. Fixed values of capacitance are chip ca¬ 
pacitors. The 2IM2907 is part of the active bias 
circuit (see fig. 7). 


gram to execute the calculations and optimize the 
component values. The COMPACT* Computer Pro¬ 
gram is used extensively for this purpose because it 
has broad capability in terms of network elements 
and interconnections and is modest in cost when 
used within certain guidelines. 



fig. 7. Active bias circuit is used in the low-noise preampli¬ 
fier to allow direct grounding of the emitter lead. The col- 
lector-to-emitter voltage of the MA42141 is determined by 
voltage divider resistors RI and R2 (see text). 


The information for the computer is written in the 
form of a data file. Once the data file is written, the 
computer will vary the network elements and 
attempt to minimize the error between the desired 
circuit performance and the actual circuit per¬ 
formance. Specific performance parameters may be 
weighted so that their attainment carries more impor¬ 
tance than other performance parameters. For exam¬ 
ple, if noise figure is the most important design goal, 
input impedance match or gain may be sacrificed so 
that the lowest noise figure may be achieved; the 
computer will adjust the variable elements in a direc¬ 
tion which minimizes noise figure but not necessarily 
maximizing gain or lowering the input impedance 
mismatch. 

In this case the computer analyzed the circuit and 
optimized it for operation at one frequency, 435 
MHz. Additional or broader optimization could be 
performed by altering the data file, but this would 
increase computer time {and cost) because of the 
larger number of variables. After optimizing the com¬ 
ponent values, the computer predicted the following 
preamplifier performance at 435 MHz: 

Noise figure 1.81 dB 
Power gain 16 dB 
Output vswr 1.22:1 

The noise figure might be somewhat optimistic 
since no allowance has been made for circuit losses 
associated with the variable capacitors and high 
input vswr. 

A complete schematic of the optimized preampli¬ 
fier circuit is shown in fig. 6. The synthesized induc- 


'CO/VJPACT is an acronym for Computer Optimization of Microwave Pas¬ 
sive and ACTive circuits. Additional information is available by writing to 
Compact Engineering, Inc., 1651 Jolly Court, Los Altos, California, 

94022.5-6 
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table 1. Comparison of computer predicted performance 
with measured performance. 



computer 

measured performance 


predicted 

unit 1 

unit 2 

Noise figure 

1.8 dB 

1.9 dB 

1.9 dB 

Gain 

16,1 dB 

16.0 dB 

16.5dB 

Oulput vswr 

1.22:1 

1.15:1 

1.12:1 


tors are specified in terms of their characteristic 
impedance and electrical length. Table 1 shows a 
comparison between computer predicted perfor¬ 
mance and the measured performance of two pream¬ 
plifiers which were built in the lab. 

stability considerations 

A broadband computer stability analysis reveals 
that the preamplifier is unconditionally stable over a 
frequency band from 400 MHz to 2800 MHz. The 
importance of the stability analysis cannot be over 
emphasized because, in many applications, the 
source and load impedances may take on any value 
outside the particular frequency band of interest. 
When a high-gain microwave transistor is used, it is 
most important to assure that the amplifier does not 
oscillate as a result of various out-of-band source and 
load impedances. 

dc bias circuit 

To realize the predicted performance when using 
the manufacturer's transistor data, the designer must 
mount the transistor in a manner which closely 
approximates the electrical and mechanical environ¬ 
ment under which the manufacturer obtained the 
data. The introduction of parasitic elements in 
mounting the transistor can lead to large discrepan¬ 
cies between the predicted and measured per¬ 
formance. 



MB 


fig. 8. Full-size printed-circuit layout for the low-noise 435- 
MHz preamplifier. Circuit is etched on 1/16” 11.5 mm) dou¬ 
ble-clad G-10 fiberglass-epoxy circuit board. Component 
layout is shown in fig. 9. 


The parasitic element which is most sensitive to 
performance degradation is the emitter lead induc¬ 
tance, which, if not kept to a minimum, will both 
reduce gain and alter the source impedance required 
for minimum noise figure. It may also introduce 
instabilities within the circuit which, under certain 
conditions, could result in oscillations. For these 
reasons an active bias circuit has been utilized in this 
amplifier. The active bias circuit will provide the 
proper collector-to-emitter voltage and collector cur¬ 
rent, while allowing direct grounding of the emitter 
lead to minimize the introduction of any parasitic 
impedance into the circuit. A schematic of the active 
bias circuit is shown in fig. 7. 



fig. 9. Component layout for the 435-MHz low-noise pre¬ 
amp. For best performance alJ fixed values of capacitance 
should be chip capacitors. 

The active bias circuit is actually a feedback loop 
which senses the collector current of the rf transistor 
and adjusts the base current to hold that collector 
current fixed. The collector-to-emitter voltage of the 
rf transistor is held at a fixed potential determined by 
the voltage divider R1 and R2. The current through 
resistor R3 becomes the collector current of the rf 
transistor under the assumption (a good one) that 
both the2N2907 and the MA42141 have moderate dc 
current gain. 
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single 1C 

Touch-Tone decoder 


A new integrated circuit 
and high performance 
active filter 
are combined into 
an extremely reliable 
Touch-Tone decoder 


A majority of repeater stations today are using 
Touch-Tone * circuitry for such functions as 
autopatch, control, and signaling; individual home 
and mobile stations make use of encoders and 
decoders for selective calling and radio control. 
Dozens of designs have been published for Touch- 
Tone decoders during the last several years. Unfortu¬ 
nately, virtually none of these circuits is reliable. 

The use of the 567 phase-lock loop 1C, upon which 
nearly ail designs are based, is not recommended 
unless limited performance is acceptable. Elaborate 
support circuitry is required, and even then you may 
not achieve the desired noise immunity or stability. 
The tradeoffs are many: response time vs band¬ 
width, noise immunity vs bandwidth, and economy 
vs reliability. 

The 567 PLL chip has several important limitations 
which must be dealt with regardless of whether you 
are using the 567, or are a circuit designer developing 
a totally new decoder 1C. 

signal consideration 

Amplitude Variations. Twisted-pair telephone 
wires are transmission lines, just as coaxial cables 
are. Shunt capacitance and series inductance serve 
to increase attenuation as frequency goes up. This 
disparity means that high group Touch-Tone signals 
are usually attenuated more than the low group. This 
variation in amplitude is referred to as "twist." Tone 
pads attempt to compensate for this by having a 
stronger output from the high group than the low 

* Touch-Tone is the registered trademark of the American Telephone and 
Telegraph Company. 


By Larry Nickel, W3QG, 216 Highmeadow 
Road, Reisterstown, Maryland 21136 
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group. In addition, when decoding tones from an fm 
receiver, signal strength and deviation are two more 
variables. An effective decoding scheme must incor¬ 
porate an audio ALC system. If the decoder circuitry 
is sensitive to twist, then separate ALC control could 
be necessary for the high and low groups. 

Bounce And Noise. A Touch-Tone source may not 
present a clean, stable leading edge. Secondly, 
noise, music, or speech may momentarily produce 
coincident tones at the proper frequencies, which 
could be recognized as a legitimate Touch-Tone pair. 
What is required is a delay, of perhaps 40 milli¬ 
seconds, before a valid tone pair is acknowledged. 
Then the decoder output must turn on and stay on 
until the signal disappears, with no bounce. It has 
been my experience that achieving good noise rejec¬ 
tion, fast response without false tripping, and free¬ 
dom from bounce is not practical with PLL tech¬ 
niques. 

Frequency Stability. Tone generation schemes 
which depend on RC time constants for frequency 
stability are not reliable, especially at temperature 
extremes. This is why the Motorola MC14410 and 
Mostek MK5087 crystal-controlled encoder chips 
were developed. The same is true of decoding cir¬ 
cuitry. Crystal control is a must! 

new generation integrated circuits 

Within the last two years, several manufacturers 
have introduced some very sophisticated tone- 
decoder ICs. The first entry was Rockwell Interna¬ 
tional's Collins CRC8030 dual tone multi-frequency 
(DTMF — another name for tone control) receiver. It 
is an MOS decoder chip in a 28-pin dual-in-line 
package which uses a standard 3.579545 MHz TV 
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color-burst crystal for its reference. This ceramic 1C 
was originally priced at $49 in unit quantities, but a 
plastic case (CRC8030-3-3) now sells for $42. An ALC 
system, a filter (which separates high and low group 
tones), and two voltage comparators are required to 
complete the decoder. General Instrument also pro¬ 
duces a decoder selection designated the AY59800 
series. One or more of these chips use a 1 MHz 
crystal and require dual power supplies. 


table 1. Data output from the MK5102 decoder. 

4-bit binary dual 2-bit row column 


digit D1 D2 D3 

1 0 0 0 

2 0 0 1 

3 0 0 1 

4 0 10 

5 0 10 

6 0 11 

7 0 11 

8 10 0 

9 10 0 

0 10 1 

* 1 0 1 

9 110 

A 110 

B 111 

C 111 

D 0 0 0 


D4 D1 D2 D3 D4 

10 10 1 

0 0 110 

10 111 
0 10 0 1 

110 10 
0 10 11 

1110 1 
0 1110 
11111 
0 0 0 1 0 

1 0 0 0 1 

0 0 0 1 1 

10 10 0 

0 10 0 0 

1110 0 
0 0 0 0 0 


The newest entry into the tone-decoder field is the 
Mostek MK5102. It's a CMOS chip in a 16-pin pack¬ 
age, with a typical power dissipation of only 25 mW, 
at 5 V dc. Available in either a ceramic (MK5102P-5) 
or plastic case (MK5102N-5), unit quantity prices 
start at $34.50.* Even though this is a large sum of 
money to pay for an 1C, at this time it is the only way 
to build a complete, top-quality decoder without 
spending more than $60. 

A pinout diagram for the MK5102 is shown in fig. 
1. Compared to the 28-pin CR8030, this is sheer sim¬ 
plicity. The 5 V dc and ground connections, pins 1 
and 6 respectively, are self-explanatory. An inexpen¬ 
sive 3.579545-M Hz TV-color burst crystal is connect¬ 
ed between pins 2 and 3. Pin 5 is used to control the 
output format of pins 7 through 10 (D1 through D4). 
This tri-state input line selects a four-bit binary code 


Layout of the tone separation filter. 


•Quality Components, 13628 Neutron Road. Dallas. Texas 75240. 
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fig. 2. Block diagram of a complete tone decoding system 
using the new single 1C tone decoder. 


(input high), a dual two-bit row/column code (input 
floating), or high-impedance output (input low) for 
use with bus-structured circuitry. 

Pins 7 through 10 are the data out lines. The out¬ 
puts are CMOS loads when enabled, and open 
circuited (high impedance) when disab/ed by the 
control pin. The output data formats are shown in 
table 1 . The two output codes allow the user to 
obtain either 1 -of-16 or 2-of-8 output data by only 
using a single additional package. 

Pin 4, the strobe output, goes high after 40 mS of 
a valid tone pair, and remains high for a minimum of 
10 mS after the input ceases. The output information 
is valid when the strobe signal goes high and will 
remain unchanged until the next DTMF digit is 
detected. 

The low- and high-group tones are filtered, sepa¬ 
rated, and applied to pins 11 and 12, respectively. 
The MK5102 can detect capacitively-coupled, 
square-wave signals as small as 1.2 volts pk-pk. The 
tones are detected, after band splitting, using the 
digital-counter method. The zero crossings of the 
incoming tones are counted over a longer period. 
When a minimum of 40 milliseconds of a valid signal 
is detected, the proper data is latched into the out¬ 
puts and the output strobe goes high. When a valid 


digit is no longer detected, the strobe will return low 
and the data will remain latched into the outputs. 
The minimum interdigit time is 35 milliseconds. 

A block diagram of a complete Touch-Tone 
decoding system using the MK5102 is shown in fig. 

2. The ALC reduces any amplitude variations from 
the signal source. 

The low-group tones, the rows on your Touch- 
Tone pad, and the high group tones, the columns, 
are separated in the tone-separation filter. Its outputs 
are two sine waves which are squared up in compar¬ 
ators and applied to the MK5102. 

active filter 

Design Considerations. An active filter for a 1-kHz 
frequency range is generally of low cost, small, has 
gain, high-input impedance, low-output impedance, 
and is easy to design. My intention here is not to 
make the reader a filter expert but to give a little of 
the philosophy behind the design of this one. My 
criteria were: 

1. It must be inexpensive. 

2. It must use readily available components. 

3. It must be easily constructed. 

4 . It must provide adequate out-of-band rejection. 

For the bandwidth and Q required, a stagger- 
tuned circuit is necessary. After examining sample 
response curves for 2-section filters, I felt that at 
least 3-sections would be required to achieve ade¬ 
quate out-of-band rejection. One section is tuned to 
the center frequency, another is tuned to $ (the 
"staggering value") times the center frequency, and 



frequency 

© MAXIMUM PEAKED 



Q SEPARATE PASS8ANDS 



FREQUENCY 


0 MINIMUM RIPPLE WITH ADtQUATE 
PAS SB AND 


fig. 3. Passband response as a result of varying s in equation 1. A shows a single-peaked response when s- 1. For large 
values of j, B shows the dual-peaked response. In C, a response is obtained that has a minimum passband ripple, yet 
adequate bandwidth (5= / 16). 
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the third 1/5 times the center frequency. For s-l, 
the response has one peak and a very-narrow band¬ 
width (fig. 3A). For a large value of 5 , 1.5 for in¬ 
stance, there are two separate distinct passbands 
(fig. 3B). By selecting the best value of 5 for two- or 
three-section filters, a suitable bandwidth with 
minimum ripple can be achieved, as shown in fig. 
3C. Each of the three sections is designed for a par¬ 
ticular Q. Usually, it is best for the center section to 
have a lower () than the outside sections which have 
identical higher Qs. This makes for a flatter passband 
and a steeper slope beyond the passband (if the Qis 
too high the ripple in the passband will be excessive). 

The transfer function for a three-section filter is: 


where 


E 0 = 2Olog,o<A*B*C) 
^in 


A = yj 1 + Q2 | 

<Ps2~l\2 

K fi ) 

B=J 1 + Q? | 

iP/ S 2-l\2 

\ Pi ) 


e-mi yw? 


eq. 1 


s = staggering i nltic 

/= normalized center frequency, with two 
outside sections of Qselectivily and one 
cen t e r sect ion of QJ2 select ivily. 


Various values of s and Q were calculated and plot¬ 
ted. Using s- 1.16 and Q= 10 and 20 for the center 
and outside sections, produced a passband ripple of 
3 dB and 32 dB of rejection for the other tone group. 
With the 5 and Q. values determined, it only remained 
to select a suitable circuit. 

Many designs, using 1, 2, 3, and 4 amplifiers per 
section, have been published, but the disadvantage 
of the 1 - and 2 -op amp versions is that they are not 
generally suitable for high () applications, especially 
with inexpensive ICs which have low gain-bandwidth 
products. Since low-cost quad op amps are avail¬ 
able, and in many pin compatible packages, a 3- or 4- 
op amp design is preferable; any circuit configuration 
would be acceptable, especially if one per cent toler¬ 
ance resistor and capacitors are used, but I did not 
wish to use precision components, and therefore, ex¬ 
pended the additional labor to ensure that standard 
parts can be used. 

Filter Selection. The BIQUAD filter section (see fig. 
4 ) was chosen because the center frequency and Q 
can easily be adjusted by trimming just one resistor 
for each function. The principle of operation of the 



The partially completed decoder board. 


BIQUAD is as follows. Since the integral of a sine 
wave is a cosine wave, or a 90-degree phase shift, U1 
is an integrator, giving a 90-degree shift. U2 is an 
inverter yielding 180-degree shift, for a subtotal of 
270 degrees. U3 is another integrator giving an addi¬ 
tional 90 degrees, for a grand total of 360 degrees. 
Positive feedback may then be provided from input 
to output. 

Without the Q setting resistor, the gain and £ of 
the BIQUAD would be excessively high, causing the 
circuit to oscillate at the frequency where the phase 
shift is 360 degrees (the integrator and inverter do 
not have exactly 90 degrees and 180 degrees shift 
respectively at more than one frequency). This 
resistor introduces enough loss so that the £) is con¬ 
trolled and the BIQUAD does not oscillate. The actual 
frequency response curve for the complete filter 
is shown in fig. 5 and its schematic is presented in 
fig. 6. 

Filter Operation. The tona( input is simultaneously 
applied to both sides of the filter, passing through 
the 686 Hz, 809 Hz, and 955 Hz sections of the low- 
group filter as well as the 1191 Hz, 1404 Hz, and 1657 
Hz sections of the high-group filter. Resistive dividers 
R19/R20 and R41/R42 reduce the outputs of the 686 
Hz and 1191 Hz sections so that these sections may 
be driven farther toward cutoff and saturation with¬ 
out overloading the following stages. Since a single 
12-volt supply is used, R39 and R40 divide 12 volts 
down to 6 volts, establishing the dc bias so that the 
output may swing equally about 6 V dc. C13 ensures 
that the 6 V dc bias line is at ac ground. 

filter construction 

My filter was built using wire-wrap techniques. I 
used standard, wire-wrap 1C sockets with a phenolic 


june 1978 ffl 29 








































































fig. 4. Diagram of the basic BIQUAD active filter. The two in¬ 
tegrators produce a 90-degree phase shift and the inverter 
provides 180 degrees of shift. With proper feedback, this 
filter will pass a single frequency. 


board and Vector wire-wrap terminals to mount the 
resistors and capacitors. This method has one very 
attractive advantage (though it is slightly more 
expensive), it's very fast, especially compared to 
point-to-point soldered connections. 

Drop the Vector pins into place, seating them by 
pulling from the bottom of the board. Epoxy the 
sockets into position. The board can be wired using 
an inexpensive, hand wire-wrap tool. The use of pre¬ 
cut and stripped no. AWG 30 (0.25mm) wire further 
speeds assembly. Use an ohmmeter to check all wir¬ 
ing for errors. This is extremely important since it will 
prevent damaging components and could save con¬ 
siderable time later. 

Temporarily install the final 12 resistors using the 
nominal values shown in the schematic. Miniature 
potentiometers set to these values are highly recom¬ 
mended. Only six are needed since the low and high 
group filters can be tuned separately. These pots can 
be removed later and precision resistors installed. 

Make your own precision resistors by wiring two or 
more resistors in series, or by using the W3QG trim¬ 
ming technique. For instance, to make a precision 
11.5k-ohm resistor, file a V notch in a 1/2-watt, 
carbon, lOk-ohm resistor until the exact value is at¬ 
tained. A small grinding wheel on a Dremel tool is 
even better; use a light-stroking motion. And finally, 
seal the exposed carbon with a dab of epoxy, 

tuning and alignment 

For checkout, you will need a sine-wave audio 
source and an oscilloscope. It would be helpful if the 
sine-wave source does not change in amplitude as it 
is tuned from one frequency to another, but if 
necessary its output can be readjusted with the 
scope. 

You should now install the ICs and apply power. 
Set the generator for approximately 50 mV peak-to- 
peak. Beware, a larger value may reduce the Q 
and/or drive the op amps into nonlinearity. Be sure 


the generator does not cause a dc-bias problem with 
the filter; you may want to include a 0.01 ^F capaci¬ 
tor in series with the filter input. 

Tune the generator from approximately 600 Hz to 
1200 Hz with the scope connected to the low group 
output. Notice where the three filter sections are 
peaking. Don't expect the peaks to be the same 
amplitude since the Q has not been tuned yet. If you 
have chosen to use pots, tune the center frequency 
of each section to the correct value, using R6, R12, 
and R18. 

If you are using individual resistors, divide the ac¬ 
tual center frequency of each section by the desired 
frequency for that section. Square this fraction and 
multiply it times the existing resistor value. This will 
give you the approximate value for a resistor which 
will put you very close to the desired frequency. Set 
the center frequency for the three high group sec¬ 
tions in a similar manner by tuning the generator 
from approximately 1000 Hz to 2000 Hz. 

To tune the Q, each BIQUAD could be driven and 
monitored separately and adjusted to the desired Q. 
An easier method is as follows. The Qof the first low 
group section is 20; the frequency is 686 Hz; the 
bandwidth is 686/20 or 34 Hz. Hook the oscilloscope 
to U3 pin 7. Adjust the generator to the center fre¬ 
quency and note the amplitude. Find the two fre¬ 
quencies where the output is 3 dB (0.707 times) less 
than at the center. Is the bandwidth more or less 
than 34 Hz? Adjust R2 upward to increase Qor down 
to decrease Q. Once this value equals 20, connect 
the scope to the output of the low group filter. 

Set the generator for the center frequency of the 
686 Hz section. If, for instance, the output is 500 mV 
peak-to-peak, tune the generator to the center of the 
809-Hz section and adjust R8 for 500 mV, then tune 
the generator to the center of the 955-Hz section and 
adjust R14 for 500 mV. 

The high-group filter may now be tuned in a similar 
manner at its respective frequencies, first adjusting 
the 1191-Hz section, via R22 for a Q of 20 and a 60- 
Hz bandwidth with your scope on U3 pin 8. Then, 



fig. 5. Filter response for the high and low tone separation 
filter. 
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fig. 7. Schematic diagram of the decoder section. The data from the 74154 is active low, and can be inverted {by U5 and U6), de¬ 
pending upon the needs of your system. 


with your scope on pin 1 of U5, adjust R28 and R34 
at 1404 Hz and 1657 Hz respectively as you did for 
the low-group sections. Finally, check to ensure that 
1209 Hz is really 30 dB down from 941 Hz in the low- 
group filter, and vice versa. 

A voltmeter may be substituted for an oscilloscope 
for every filter test, but it will not allow you to see 
nonlinearities, oscillations, and hum. Also, a Touch- 
Tone pad can be used as a frequency standard to 
calibrate the generator by setting up a Lissajous pat¬ 
tern, On most pads, pressing two row or column but¬ 
tons will produce only the sine wave for that row or 
column. 

If your filter oscillates, the problem may be: 

1 . The Q of one or more stages is too high. 

2. The power supply is not adequately bypassed. 

3. The ground circuit is not adequate. 

4. Circuit layout causes unwanted feedback. 

The filters I have constructed have not had these 
problems. Should you decide to use a substitute op 
amp be aware that if it has poor power supply rejec¬ 
tion or insufficient phase margin, it could cause 
oscillation. 

comparator and decoder circuitry 

Fig. 7 is the schematic for the comparator and 
decoder. The two sections of the comparator U1 are 
used to square up the filter outputs. The resistive 
dividers on the output of the comparators allow ad¬ 
justment of the drive to the MK5102, although this 


does not seem critical; you may choose to replace 
the pots with fixed dividers. 

In this circuit, the decoder's data control pin is tied 
to 5 V dc to constantly enable the proper format. A 
74154 separates the twelve subsequent commands. 
The 74154 outputs are active low, so if you require 
active high signals include hex inverters U5 and U6. If 
the digit 1 is received, then pin 2 of the 74154 will 
stay low just as long as the 1 is being received. 

The filter, decoder, and ALC circuitry has been in 
operation for many hours. It's presently connected to 
the output of a 2-meter fm receiver tuned to a noisy, 
busy, repeater channel, and is used every day for se¬ 
lective call and remote control. The circuit does not 
trigger on false signals. In fact, it has proven to be 
stable and reliable, sufficiently so that it has perma¬ 
nently replaced an earlier sophisticated 567 PLL 
decoder system which was in use here for over a year 
and a half. 

Incidentally, there is a minor limitation of which 
you should be aware. Because of the ALC used with 
this system, a signal with somewhat low deviation 
will not be a problem. However, a signal with exces¬ 
sive deviation will be wider than your receiver's pass- 
band and will not be decoded. This is not a fault of 
the decoder, but must be corrected at the trans¬ 
mitter. 

Soon the MK5102, with its tri-state outputs, will be 
connected to a MOS-Technology 6502 microproces¬ 
sor system so that more complex functions may be 
performed. I welcome and solicit any and all com¬ 
ments and improvements to this Touch-Tone 
decoder. 

ham radio 
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antenna guys 


and structural 
solutions 

Advice on choosing 
guying materials 
and installing them 
for safety 
and long life 

Amateurs with free-standing antenna towers 
are fortunate indeed: no need to worry about guy 
wires, anchors, and supports. But if your antenna 
tower must be guyed, how do you ensure that your 
guying system will withstand the forces of high 
winds? What about your soil conditions? Can your 
soil hold guy anchors? 

This article gives some guidelines on how to han¬ 
dle the problem of guying antenna towers erected on 
various types of soil (from hard rock through loose 
sand and gravel). Also included are some tips on 
guying materials and how to use them. The author 
has had some 30 years of experience in the engineer¬ 
ing and construction of antenna systems in locations 
where wind velocity often exceeDS 185 km/hr (100 
knots). 

guy-anchor placement 

Starting at ground level and going up, the location 
of each guy anchor is our first consideration. Ideally, 
guy anchors should be placed the same distance 
from the tower or mast base as the guy attachment 
to the structure, a 1:1 ratio. A minimum of three 
guys, spaced 120 degrees apart are considered while 
four guys spaced 90 degrees apart is most desirable. 
When real estate is not available to maintain the de¬ 


sired 1:1 ratio, consideration should be given to an 
acceptable ratio of 6:4. 

anchors 

Table 1 shows how we may expect our anchors to 
accept the strain when installed in various soils. Con¬ 
sidering the load that an average guy will put on the 

table 1. Classification of soils. The soil classification is used 
for determining the type of holding anchor guy wires (Cour¬ 
tesy Graybar Electric). 

soil class soil description 

1 hard rock, solid 

2 shale or sandstone, solid 
or layered 

3 hard, dry, hardpan 

4 crumbly, damp 

5 firm, moist 

6 plastic, wet 

7 loose dry sand, gravel 

anchor and rod, the stamped 152-mm (6-inch) an¬ 
chor with a 13 mm (1/2 inch) by 1.5-meter (5 foot) 
rod will perform satisfactorily in most locations 
(fig. 1). 

In my case anchor holes were drilled with a power- 
driven post-hole digger leased from a local equip¬ 
ment rental agency. Angle the anchor hole so that 
guy tension is in a straight line with the anchor rod. 
The holding ability of this type of construction is 
shown in table 2. Before placing the anchor and rod, 
dress the rod threads to prevent the nut from back¬ 
ing off. 

These units will survive for many years if the soil 
composition is not corrosive. A test with litmus 

table 2. Holding power of a 152 mm (6 inch) cone anchor in 
several soil types (courtesy Graybar Electric). 

soil classification 

(table 1) 3 4 5 

pounds (kg) ultimate 10,000(4540) 8,000(3632) 6,000(2724) 

By Marchal H. Caldwell, Sr., W6RTK, 4620 
Greenholme Drive, No. 4, Sacramento, Cali¬ 
fornia 95842 
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paper will reveal the presence of any contaminants. 
Coat the rod and anchor with thinned roofing mastic 
before back filling. 

guy wire material 

Consider the actual guy wire. There are probably 
more different guy wire types than vacuum tubes, 
and most will survive for a long time. Since an anten¬ 
na and its supporting structure represent a consider¬ 
able investment, the proper selection and use of 



fig. 1. Mechanical details for securing anchor hardware on 
guy wires. Lower sketch shows a method for adjusting guy- 
wire tension. An ideal ratio of 1:1 is assumed for the dis¬ 
tance of guy-wire attachment to structure (that is, guy lo¬ 
cations should be the same distance from tower base as the 
guy attachment to the structure). A compromise ratio of 
6:4 is acceptable. 


guying materials is a must. Table 3 lists some of the 
available solid and stranded guy wire, 

attaching the guys 

Guy-wire attachment to the anchor rod eye is 
usually by a clevis-and-eye turnbuckle, with the 
clevis end attached to the rod and the guy strand at¬ 
tached to the eye by wire rope clamps. At least two 
clamps must be used spaced six times the diameter 
of the wire. The wire dead-end should be served 
around the wire adjacent to the outer clamp. Turn- 


fig. 2. Method for se 
curing terminal hard¬ 
ware to a guy. Note how 
guy wire should be 
served (7 turns, 7 times). 


7 TURNS 7 TIMES 



buckles should be safety-wired. A thimble should be 
used under the wire and inside the eye (fig. 2). 

Towers and masts are sometimes provided with a 
guy attachment bracket. Terminate the guy wire in 
the same manner as used at the turnbuckle (fig. 3). 
When no guy bracket is provided, wrap the guy 
around the tower leg above a cross brace. 

Proper guy tension has always presented a prob¬ 
lem. The only sure and safe method is to use a strand 
dynamometer, which is expensive and normally not 
available. However, most amateurs use the eye¬ 
balling method — keeping too much tension out and 
not too much sag. 

strain insulators 

Some antenna structures will require the guy wires 
to be broken with strain insulators while others won't 
need this treatment. Fig. 4 shows how to connect 
strain insulators in the guy wires. Note the recom¬ 
mended method of serving the loose ends of the 
wires, which is extremely important. At amateur fre¬ 
quencies, the most desirable maximum distance be¬ 
tween guy-wire insulators is 3 meters (10 feet). Your 



fig. 3. Connecting terminal hardware to a mast or tower, 
showing recommended geometry for guy placement. An 
angle of 45 degrees is ideal, but compromises are accept¬ 
able depending on your local wind conditions and available 
real estate. 
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fig. 4. How to connect strain insulators to your guys. Serv¬ 
ing the loose ends of the guys follows the rule: 7 turns. 7 
times. 


pocketbook will be the deciding factor since the in¬ 
sulators and guy wire clamps could cost about $5 at 
each point. 

Reasonably corrosion-proof materials should be 
used in your antenna construction. Hot-galvanized 
materials are among the best. An excellent source of 
supplies is your local electrical contractor. Explora¬ 
tion of surplus and salvage agencies often produces 
items at a considerable saving — but again, don’t 
compromise on quality! 

Personal safety during construction is a most im¬ 
portant consideration, which must be practiced and 
observed. Have an adequate supply of strong hands 
and backs available when erecting any type of sup¬ 
porting structure. Ground-crew members should be 
equipped with hard hats, safety shoes, work gloves, 
and a knowledge of your construction plans. Climb¬ 
ers should be similarily equipped and have a good 
safety-belt, 

If you're considering constant experimental work 
at the top of your structure, fall-safe units are avail¬ 
able, which will prevent a disastrous fall. (This stuff 
is expensive, but so is a hospital bed!) 

table 3. Guy-wire strength in terms of size, breaking strength, and maxi¬ 
mum load (courtesy Graybar Electric). 




size. 

breaking strength. 

maximum load. 


mrn(AWG) 

kg (lb) 

kg (lb) 

galvanized telephone 

2.6(10) 

293 ( 645) 

136(300) 

& telegraph 

2 ? (12) 

193 (425) 

91 { 200 ) 


1.6(14) 

112(247) 

52(115) 


diameter. 

breaking strength. 

maximum load. 


mm (in) 

kg (lb) 

kg (lb) 

seven wires twisted 

5.0(3/16) 

522(1150) 

250(550) 

into 1 strand (common 

6.5(1/4) 

863(1900) 

409 (900) 

grade) 

3.0(5/16) 

660 (3200) 

681 11500) 

seven wires twisted into 

5.0 (3/16) 

999(2200) 

477(1050) 

1 strand (utility grade) 

6.5 (1/4) 

1816(4000) 

908(2000) 

— Western Union, AT&T 

3.0(5/16) 

2724 (6000) 

1362(3000) 


Finally, but by no means of less importance, re¬ 
member that erecting a supporting structure near 
high-voltage power lines could cause you to miss 
out on the Quarter Century Wireless Club. 

ham radio 


NMO 150 -220-440-K 
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NLA 150 -220 -440- K 
ANTENNA ONLY 
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ANTENNA ONLY 
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vfo design 


using characteristic 

curves 

Graphical aid to 
help you choose 
vfo component values 
on the basis of 
working-frequency range 
and scale linearization 

This article will help you design a vfo using what I 
call the "universal characteristics" of the Colpitts 
oscillator. The hard work has already been done with 
the aid of a computer. The result is a family of 
parametric curves that allow you to choose frequen¬ 
cy determining values of critical components precise¬ 
ly and without guesswork. 

background 

Several months ago I started the project with an 
ssb transceiver using ICs, following the new and 
well-known concept of concentrating all common 
circuits that don't depend on reception-transmission 
frequency in a single printed circuit. An external vfo 
and a tuned amplifier in the input-output circuit 


defined the transceiver operating frequency. Several 
1C manufacturers have developed exclusive ICs for 
the common parts of the transceiver mentioned 
above by standardization and by reducing the 
number of discrete components. 

the external vfo 

The first problem I met was designing the external 
vfo. I needed a vfo in the 5 to 5.5-MHz frequency 
range with good stability and linearity. Because of 
the chosen frequency and the oscillator characteris¬ 
tics, I chose the Colpitts oscillator. I first tried to find 
articles that already described vfos working in my 
desired frequency range. I found a couple of circuits, 
and despite the different component values shown, I 
started construction following the scheme in fig. 1. 
First of all I used a capacitor, C v =80 pF with an in¬ 
ductance of approximately L= 5 yU, using different 
values for Cl and C2. I immediately realized the dif- 



I fig. 1. Typical vfo Colpitts oscillator circuit used in the text 
example. Components L, C v , C u define the oscillation fre¬ 
quency. for which parametric curves have been derived and 
are shown in fig. 3. 

By Maurizio Gramigni, I2BVZ, 1621 16th 
Avenue NW, Rochester, Minnesota 55901 
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ficulties ahead; in fact, when turning C v 180 degrees, 
the frequency range was around 1.6 MHz, which was 
not the desired range. After this failure I decided to 
face the problem from a technical point of view, 
starting from these assumptions: 

1. Determine frequency stability vs temperature 
variation. 

2. Calculate circuit-component values on the basis 
of the chosen working frequency range and scale 
linearization.* 

Regarding point 1, the use of an fet is highly recom¬ 
mended compared with bipolar transistors or 
vacuum tubes. The advantages are listed below: 

1. An fet, with its high input impedance, can am¬ 
plify signals with very low current level. As a result 
the power dissipation will be less than with bipolar 
transistors and vacuum tubes. 

2. As a consequence of point 1 above, the heat 
dissipated and transferred to the oscillator compo¬ 
nents is lower, resulting in better thermal stability. 

3. Since the power used is very low and the fet 
mass is very small and compact, the thermal equi¬ 
librium will be reached in a very short time — 
30-40 seconds. 


Generally it's easy to design an oscillator working 
at one predetermined frequency. In fact, this occurs 
when the capacitive reactance of the oscillator circuit 
equals its inductive reactance. If a variable frequency 
oscillator is needed, however, a different approach to 
the problem is required. In this case, once the fre¬ 
quency range is chosen we need to know L, C v , and 
C a values. 

universal characteristics 

To reach our goal we start by calculating the trans¬ 
fer function of the complete oscillatory circuit. Then 
if we indicate 

u> = 2irf 

r _ C 2 • C 2 
Cj + C 2 

X L =jo>l 

Xv- J oiC v 
Xfl= ~ J uha 
x c-~iic 


Using components such as silver mica capacitors 
helped to provide an oscillator with a very good fre¬ 
quency stability. 

Calculating component values as a function of fre¬ 
quency range and scale linearization is the subject of 
this article. Fig. 1 shows our vfo circuit. Let's say, 
first of all, that L, C v , C a define oscillation frequency. 


fig. 2. At the resonant frequency the os 
cillator impedance will equal zero. The 
network L, C v , C a formed the basis of 
the FORTRAN program, which resulted in 
the universal characteristic curves for 
determining vfo values as shown in 
fig. 3. 



y 


while Cl and C2 are the positive feedback network, 
which provides self starting and maintains oscilla¬ 
tion. Distortion due to the nonlinear elements is lim¬ 
ited by the proper choice of resistor /?. 


'Scale linearization means that any variation of c capacitance, M\,. 
always corresponds to the same frequency variation, frf, in the entire 
oscillator range; that is, the linearity ratio, d/VAC, remains constant in the 
chosen range. 


the final equation is 


zA Xt±Xy 

(X L -X V 

Ul + X* 




R'X C 
R + Xc 


Because of the quantity of calculations I used a com¬ 
puter to solve for Z. 

As mentioned previously the real oscillator circuit 
consists of L, C v , C a components (see fig. 2). At the 
resonant frequency, its impedance will equal zero, 
therefore our complex impedance, z, must also equal 
zero. The program, in FORTRAN language, was 
based on the observation above. In fact, the comput¬ 
er printout directly supplied C v values for that partic¬ 
ular frequency value where Z equals zero. 

parametric curves 

Starting from frequency values of 2.5 MHz, and 
for fixed values of L, C, C a , and R, we obtained from 
the computer the C v values for Z= 0. The results are 
summarized in the curves of fig. 3. 

Fig. 3A shows the universal characteristics family for 
L=7.5fiH. C a values vary from 150 to 400 pF in 50-pF 
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fig. 3. A family of parametric curves for determining com¬ 
ponent values for the Colpitts vfo in fig. 1. Operating fre¬ 
quency as a function of variable capacitance, C v , is shown 
as a function of oscillator frequency with values of C a as a 
parameter. The three sets of curves are for various values of 
inductance, L. 


steps , Fig. 3B shows the universal characteristics for 
L = 4 5 piH . Seven curves for C a values between 250 
and 550 pF have been calculated. 

Fig. 3C refers to the universal characteristics for 
L = 2 pH. These curves show that the effect of 
decreasing L causes an extension of the frequency 
range of interest by universal characteristics. For the 
characteristics of figs. 3A and 3B it was not possible 
to calculate other C a values because of the unstable 
conditions I found. Therefore, only 12 curves for C a , 
from 250 to 800 pF, have been calculated. 

how to use the 
universal characteristics 

I call these characteristics "universal" because 
they are valid for all vfos (Colpitts) as shown in fig. 1. 
With these characteristic features you can determine 
directly the values of all vfo components, as shown 
in the following example. 

Assume you want a variable oscillator covering 
3.5-3.9 MHz. Choose two curves, the first from fig. 
3B with C a = 300 pF and the second one from fig. 3C 
with C a ~ 800 pF. In the first case, the linearity ratio 

value is Af/&C~4.4 while in the second case it 

is Af/AC v = 2.1 To obtain C v , (which in this 

case is 90 pF instead of 190 pF as in the second case) 
the curve of fig. 3B could be used. From this figure 
if s possible to get all the other values, which are: 

C a ^300pF C v ^90pF 

L — 4 .5 pF R-22 K 

C1^C2^600 pF 

Usually Cl and C2 have the same values to guarantee 
self-starting oscillations, 

in conclusion 

Once the working frequency range is chosen, it's 
possible to satisfy, through the universal characteris¬ 
tics of fig, 3, the following points: 

1. Dial linearization; that is, keeping the Af/AC v 
ratio constant within the chosen range. 

2. Definition of minimum and maximum C v values. 

In any case, for about 200 kHz of frequency range, 
the linearity error is very low for each curve of the 
families. On the contrary, for a wider frequency 
range, the choice of the curve is much more limited 
and depends on the desired &f/AC v ratio; that is the 
derivative value of the curve. Generally, for the 
A f/AC v ratio, it's advisable not to select very high 
values, around 4 kHz/pF. 

ham radio 
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rf chokes 


their performance 
above and below 
resonance 

An investigation 
into the properties 
of rf chokes over wide 
frequency ranges 

For years I've heard various electronics engineers 
quote a simple rule-of-thumb about rf chokes: 
"Never use an rf choke above its self-resonant fre¬ 
quency because it's capacitive!" The inference is, I 
think, that above its self-resonant frequency, the rf 
choke will have a very low reactance, which is the 
opposite effect usually desired from an rf choke. 
After all, capacitors are used for bypass and coupling 
functions, and an rf choke does show capacitive re¬ 
actance above its self-resonant frequency. 

This rule-of-thumb is a very safe and conservative 
way to apply rf chokes in circuit design, I suppose, 
but sometimes it makes it difficult to get the imped¬ 
ance you want over a desired frequency range; in 
general, the larger the inductance of an rf choke, the 
lower will be its self-resonant frequency. 

A frequent application of rf chokes by amateurs is 
the use of a 2.5 millihenry choke in a circuit which 
operates up to 30 MHz. Such use is in direct conflict 
with the stated rule-of-thumb, because the self-reso¬ 
nant frequency of these chokes is usually on the 
order of 3 MHz! In the paragraphs which follow, I 
have attempted to resolve this conflict by mathe¬ 
matical analysis. 

mathematical analysis 
of the rf choke 

To evaluate the performance of rf chokes at differ¬ 
ent frequencies, I felt it necessary to develop a gen¬ 


eral mathematical expression for impedance as a 
function of self-resonant frequency. Starting with 
the mythical ideal rf choke, we have a pure inductor 
as shown in fig. 1, The equation for its impedance in 
ohms is 

Z - j2nfL (1) 

where Z is the impedance, / is frequency in Hertz, 
and L is inductance in henries. They is simply a nota¬ 
tion which indicates that the phase angle of the im¬ 
pedance is +90° with respect to a pure resistance. 
To simplify the following equations a little, I will sub¬ 
stitute co 1 or2irf 

w = 2nf (2) 

where co is frequency in radians-per-second. You can 
always get back to frequency in Hertz by a rearrange¬ 
ment of eq.2. 

ff- « 

The solid line on the graph of fig. 2 shows how the 
impedance of a pure inductor, having an inductance 
of 1 henry, rises linearly with increasing frequency, 
according to eq. 1. The linear relationship will con¬ 
tinue to any frequency. 

L 

o-rvw-N-o 

fig. 1. The ideal rf choke is a pure inductance. 

Practical rf chokes, however, are not pure induc¬ 
tors; stray capacitance between turns of the coil is 
effectively in parallel with the ideal inductor. For the 
purpose of this discussion all of the stray capacitance 
may be lumped into one equivalent parallel capacitor, 
as shown in fig. 3. The rf choke now has a self-reso¬ 
nant frequency whose value is determined by the 
values of L and C. The equation for the impedance of 
this parallel circuit is 

2= _ juL ( 4) 

jcoL + -J— i - w 2 LC 
J -jtoC 

The self-resonant frequency of the circuit will be 

By Courtney Hall, WA5SIMZ, 7716 La Verdura 
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designated <j> ot and its value is 

l (5) 

sJTcT 

If o) 0 is substituted for a> in eq. 4, we obtain the value 
of the choke's impedance at the self-resonant 
frequency. 


Z 


o 


jto 0 L 
7^~guJ LC 


jUoL 



]u>oL 

i - 1 


The denominator in eq. 6 is equal to zero, so the im¬ 
pedance, Z Q , must be infinitely large (remember, we 
don't have any losses in our mathematical modef, 
yet). 



fig. 2. Reactance of a pure 1 henry inductor vs frequency (no 
stray capacitance or loss resistance}. 


To solve for the choke's impedance at one octave 
below and above the self-resonant frequency, substi¬ 
tute and 2 ic ot respectively, for w in eq. 4 


2 

2 


. ili) _ i(f) 


LC 


(ju a L) 


L 

LC 

4LC 


(7) 




= i(2u 0 )L 

1 - 4u> 2 0 LC 

~ i( 2 u o) It 

i - 4LC 
LC 


(]<*><, L) 


Let's closely examine these two results. Notice that 
the quantity (jw 0 L) in each answer is the reactance a 
pure inductor would have at w Q , the frequency at 


which the practical choke is self-resonant. Notice too 
that the magnitudes of the two answers are equal; 
the choke has as much impedance one octave above 
the self-resonant frequency as it does one octave 
below. The minus sign of the impedance one octave 
above self-resonance indicates the impedance has a 
phase angle of -90° with respect to a pure 
resistance, and this means it is a capacitive 
reactance. 


fig. 3. Practical rf choke has stray ca¬ 
pacitance. creating a resonant circuit. 



To explore this a little further, let's find the choke's 
impedance one decade below and above self- 
resonance 


10 


jco 0 L 

j to l 


<jOq 

100 


LC 


j C fjL f 

J 10 L 

100LC 


Z 10oj o 


[ (_lOu_o )L 
1-100 oj 0 2 LC 


10 

99 


(i^o L ) 


(9) 


- ldQ^LojL _ _ 10 /• r j 

1 - 100LC 99 {] 0 ’ 

LC 

Again, both answers have the same magnitude, and 
the impedance is inductive below self-resonance and 
capacitive above self-resonance. I have solved for 
the choke's impedance at several more frequencies 
and plotted the curve shown in fig. 4. Although the 
choke's impedance is capacitive above self-reso¬ 
nance, it doesn't fall off any faster than it does below 
self-resonance. 



fig. 4. Relative frequency response of a lossless, but self- 
resonant rf choke. The frequency of resonance is at oi 0 . 
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We must add an equivalent parallel resistance, Rp, 
as shown in fig. 5, to make the mathematical choke 
completely realistic. Another way to show this is pic¬ 
tured in fig. 6, where Rp is connected in parallel with 
the impedance, Z, solved for above. Rp accounts for 
losses in the choke; at the self-resonant frequency, 
the impedance of the choke will be equal to Rp. 

The value of Rp does not stay constant as frequen¬ 
cy changes because losses tend to increase at higher 
frequencies. A major contributor to this characteris¬ 
tic is the skin effect in the wire of the coil, which 
causes Rp to decrease as a function of the square- 
root of frequency. Solving for the exact impedance 
of the rf choke with Rp present is a little tedious and 
will not be dealt with here. It is assumed, however, 
that Rp will be large enough so that the calculations 
above may be taken as rough approximations at fre- 


fig. 5. Equivalent parallel resistance, 
R p . accounts for losses in rf chokes. 



quencies at least one octave away from self-reso¬ 
nance. Thus the curve of fig, 4 is assumed to be 
roughly correct outside the frequency range from 
0.5oi o to 2o) 0 . An example may help to verify this. 

example 

Using manufacturer's specifications for a typical 
2.5 mH rf choke, let's examine its performance using 
the relationships developed above. Inductance is 
specified as 2.5 mH at 250 kHz with a Q of 55. The 
choke's reactance and R p at 250 kHz are 

X = 2n(.25xl0 6 ) (2.5xl0~ 3 ) = 3927 ohms ( n) 

R p = QX = 55 x 3927 = 215,985 ohms (i 2 ) 


Dividing Rp by jo) 0 L, we find the choke's Q at 2.5 
MHz is about 1.74, a very low value. To satisfy our 
curiosity, let's see what the value of the equivalent 
parallel capacitor is. The capacitor's reactance must 


fig. 6. Another way of schematically 
representing an rf choke. Z is the lossless 
impedance calculated in the text. 



equal the inductor's reactance at resonance, so 


C = 


_ 1 _ 

2ir(2.5x 10 6 ) (39,270) 


1.6 pF 


(15) 


Now let's see what sort of impedance the choke has 
at 25 MHz, one decade above its self-resonant fre¬ 
quency. Substituting the results of eq. 13 into eq. 10 

Z 10u o =- §(i“oQ = -)~ (39,270) = - j3967 ohms 


The value of Rp at 25 MHz is estimated to be 


215,985 
25 MHz 
25 MHz 


= 215,985 

JTW 



21,598,5 ohms (17) 


so it won't cause too large an error in the result of 
eq. 16. Notice that the impedance at 25 MHz, one 
decade above self-resonance, is very nearly the same 
as the impedance at 250 kHz, one decade below self¬ 
resonance (see eq. 11). 

One final calculation of interest is the value of 
capacitance the choke represents at 25 MHz 


2n(25 x 10 6 ) (3967) 


= 1,6 pF 


(18) 


Well, how about that? The same value as at self-res¬ 
onance. Obviously, the equivalent parallel capaci¬ 
tance of the choke is totally dominating the value of 
reactance at 25 MHz. But then, it should. 


Self-resonant frequency is given as 2.5 MHz. 
Therefore, 


j<j 0 o L - j (2nf 0 ) L = j(2n x 2.5 x 10 6 ) (2.5 x 10~ 3 ) 

= j39,270 ohms (13) 

Assuming Rp has decreased by the square-root of 
frequency change, we can estimate its value at 2.5 
MHz as 


Rf 


= 215,985 _ 




2.5 M llz 
25 MHz 


= 215,98 5 = 

sj To 


68,300 ohms 

(14) 


conclusion 

After going through the exercise above, it is evi¬ 
dent that an rf choke behaves like any parallel tuned 
circuit. But since an rf choke has a self-resonant fre¬ 
quency, we knew it was just a parallel tuned circuit 
all along, didn't we? If we can use an rf choke below 
its self-resonant frequency, I see no reason not to 
use it above its self-resonant frequency, so long as it 
will provide the required impedance. An rf choke 
does look like a capacitor above self-resonance, but 
as we saw with the 2.5 mH choke, it can be a very 
small capacitor. 

ham radio 
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techniques for 
preventing 

rf leakage 


from 

your transmitter 


Lowering unwanted 
rf leakage 
from your transmitter 
reduces 
radio-frequency 
interference 


We are all aware of the increasing incidence of RFI 
problems caused by solid-state home entertainment 
products which are not designed to function normal¬ 
ly in the presence of a strong RF field. These kinds of 
problems can be cured only by adding filtering 
and/or shielding to the affected device. 

At the same time it behooves us all not to forget to 
be sure that our own transmitters are clean. This 
means using a good lowpass filter and making sure 
that the only path out of the transmitter for rf energy 
is through that lowpass filter. If you have any RFI 
problems, this is the first thing that should be 
checked. 

Run your transmitter into a shielded dummy load. 
If the RFI is still present, you have rf leakage which 
should be eliminated. If it is harmonic interference, 
no lowpass filter will do any good if the harmonics 
are leaking out ahead of it. If it is overload interfer¬ 
ence, it may be possible to eliminate it by curing the 
leakage, depending on the amount of leakage to 
begin with and the relative distances from the equip¬ 
ment and the antenna to the device suffering the in¬ 
terference. 

Three areas need to be addressed to solve rf leak¬ 
age problems: filtering of power, audio, and control 
leads; shielding effectiveness of coaxial cable; and 
leakage at joints in shielded enclosures. Techniques 


By John E. Becker, K9MM, 201 East Marion 
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for filtering of power, audio, and control leads has 
been thoroughly discussed in many amateur publica¬ 
tions so that topic will not be addressed here. In¬ 
stead, I will concentrate on the other two areas. 

There is considerable difference in the shielding ef¬ 
ficiencies of different types of coaxial cable. The 
numbers to be quoted are from manufacturers' litera¬ 
ture, and while different manufacturers do not nec¬ 
essarily agree on the shielding efficiency of a particu¬ 
lar type of cable, there is no doubt about the signifi¬ 
cant difference in the shielding efficiency afforded by 
the different types of cable construction to be dis¬ 
cussed, and the numbers should be considered with 
that in mind. The most commonly used type of coax, 
that having a single shield braid of stranded copper 
wire, has a shielding efficiency of -48 dB at 100 
MHz for a 30 cm (1 foot) length of cable. That is, the 
total power radiated by that 30 cm of cable is 48 dB 
down from the signal level in the cable. This assumes 
95 per cent shield coverage. This shielding efficiency 
increases only slightly with decreasing frequency, to 
-52 dB at 10 MHz according to data published by 
the Times Wire and Cable Company. 

The shielding efficiency is significantly reduced by 
lower shield coverage, and 85-90 per cent is more 
typical. This means that if you have 30 cm of coax 
between your transmitter and lowpass filter, har¬ 
monics radiating from that piece of coax are 48 dB 
down from their level at the transmitter output. 
Under these conditions, a lowpass filter with 100 dB 
harmonic attenuation is no better than one with 48 
dB attenuation as far as nearby interference prob¬ 
lems are concerned. The filter will keep the harmon¬ 
ics from getting to the antenna to be radiated for 
long distances, but the TVI problem next door is just 
as likely to be due to the radiation from the cable. 

While we're still on the subject of single shielded 
coax, be especially wary of bargain priced coax that 
is not made to military specifications. Some manu¬ 
facturers have drastically reduced shield coverage in 
the last few years to keep costs down. 

There are more sophisticated types of coaxial 
cable with much better shielding efficiencies. The 
most often encountered construction is double 
shielded coax. This type of cable uses two shield lay¬ 
ers with no dielectric between them. Shielding effi¬ 
ciency is typically -87 dB at 100 MHz for a 30 cm (1 
foot) length, and since this is a premium cable 
designed for excellent shielding you can be sure that 
the shield coverage is as great as possible. 

A still better type of construction for shielding effi¬ 
ciency is triaxial cable. This cable has two shield lay¬ 
ers with a dielectric layer between them. Shielding 


efficiency is further improved to -97 dB at 100 MHz 
for a 30 cm length. 

The ultimate in shielding efficiency is the solid 
jacketed type of cable. Radiation from this type of 
cable is below measurable limits, and system shield¬ 
ing efficiency is limited only by leakage at a connec¬ 
tor interface. 

The use of one of these improved types of cable 
for all station interconnections up to the lowpass fil¬ 
ter will ensure that you are getting all the harmonic 
protection the filter is capable of. Double-shielded 
substitutes for RG-8A/U or RG-213/U are RG-9B/U 
or RG-214/U. The double-shielded substitute for 
RG-58C/U is RG-55A/U or RG-223/U. A triaxial sub¬ 
stitute for RG-8A/U or RG-213/U is Times TRF-8. A 
triaxial substitute for RG-58C/U is Times TRF-58 or 
Essex 21-204. 

Whatever kind of cable is used, be sure the con¬ 
nectors are properly installed. An improperly at¬ 
tached shield will seriously degrade shielding effec¬ 
tiveness. With double-shielded and triaxial cables, 
both shields should be attached to the connector 
shell at both ends of each cable run. Assembly 
instructions for UHF, N, and BNC connectors can 
be found in both the ARRL Handbook and 
Antenna Book. 

For sealing joints of shielded enclosures, the 3M 
company has two products that are hard to beat for 
effectiveness and ease of application. They are cop¬ 
per foil tapes with conductive adhesives, especially 
designed for RFI shielding. Type X-1181 is a smooth 
tape, and type X-1245 is embossed with a grid pat¬ 
tern for more reliable electrical contact with the sur¬ 
face on which it is applied. Both are available in 
widths from 6 to 25 mm (1/4 to 1 inch). Shielding 
efficiency of up to -65 dB is claimed by 3M, de¬ 
pending on the type of metal the tape is applied to. If 
desired, it is possible to solder to the tape without 
damaging it. 

I have applied this tape to the edges of all shield 
enclosures in my equipment, to the seams of low- 
pass filter boxes, and over the edges of coax connec¬ 
tors. The same piece has been removed and re-ap¬ 
plied on my linear amplifier cover shield several times 
with no apparent loss of adhesion. If the metal sur¬ 
face is clean to begin with, the adhesion is excellent. 
This type of tape may also be spirally wound over a 
length of conventional single shielded coax to obtain 
improved shielding effieciency. Each turn should 
overlap the previous turn by half the width of the 
tape, and the tape should extend over the shell of the 
connector at each end. 
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simple and effective 

vertical 

for portable 
communications 

How to build 
a simple 
vertical antenna mount 
that can be 
set up quickly 
for emergency 
radio communications 

One of the important aspects of amateur radio 

is the provision for efficient and timely communica¬ 
tions in emergency or disaster situations. Having 
been a ham for several years I have found it inter¬ 
esting that, in the various ham-oriented magazines, 
there is substantial coverage given for proper pro¬ 
cedures to follow during disaster or emergency com¬ 
munications but little mention or suggestion for ef¬ 
fective and simple antenna systems. The following 
presents an idea which fulfills both the "simple" as 
well as "effective" aspects of an emergency antenna 
set-up and is easy and inexpensive to make. The 
secret to success is in the use of a vertical antenna 
(for the bands you intend to operate) with ground 
radials, and a homebrew base section which mounts 
in the spare tire from your vehicle (see fig. 1), 

construction 

The materials required to build the base section are 
a short length of mast or pipe and a front wheel hub 
that will bolt into your vehicle's spare tire (the wheel 
hub can be obtained from a local junk yard for a few 
dollars). You will also need a set of lug nuts that will 
fit the bolts on the hub. 

The outside diameter of the mast should be as 
close to the inside diameter of the outside grease- 
seal surface of the hub as possible to make it easier 


antenna 

to position the mast perpendicular to the hub. The 
mast must be welded to the hub. 

Clean the hub of all oil or grease. Place it on a 
hard surface (that will not burn) with the lug-bolts 
facing up, stand the mast in the hub, and weld the 
mast and hub together as pictured in fig. 2. Be sure 
to position the mast perpendicular to the hub so the 
antenna will be straight and not tilted to one side or 
the other. 

field use 

To use the antenna set-up for emergency or port¬ 
able operation (such as Field Day or a camping trip) 



fig. 1. Portable vertical antenna mount consists of a junk¬ 
yard hub bolted to the spare tire from your car. In high wind 
conditions you may want to weight the tire down with 
rocks, but in most cases this isn't necessary. Construction 
of the hub section is shown in fig. 2. 

all you need to do is remove the spare tire from your 
automobile, bolt in the base-section, lay the spare on 
the ground so the mast points up, and mount the an¬ 
tenna on the mast. If the vertical leans to one side, 
remove some dirt from under the high side of the tire 
or place some dirt, rocks, or a board under the low 
side to correct it. If you wish, you can place several 

By John S. Jolly, WA7NWL, 1840 North 
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fig. 2. Stub mast for the portable antenna base consists of a 
front hub from the junk yard which fits your car, and a short 
steel mast which is welded to the hub. The outside diameter 
of the short mast should be very close to the inside diam¬ 
eter of the hub's grease-seal surface so the mast is per¬ 
pendicular to the stub. 


rocks on top of the spare for additional weight and 
stability (under normal conditions this should not be 
necessary). Attach the ground radials and coax, and 
you are ready to go on the air. 

conclusion 

It is the intent of this article to describe a relatively 
simple and inexpensive method for an average ama¬ 
teur to have an antenna set-up which is portable and 
effective for use when conditions necessitate it. In 
addition to emergency and portable use, this set-up 
could be used by those hams living in apartments or 
townhouses which forbid permanent fixture on 
their roofs. 

ham radio 


cleanup tips for amateur equipment 


Being in a position that would be considered envi¬ 
able among some amateur radio operators (this was 
written during my fifth year in the R.L Drake Com¬ 
pany Customer Service Department; I now work for 
ETO), I've been able to pick up on some tips and 
hints on routine maintenance for amateur equip¬ 
ment. Even though I work for one of the manufactur¬ 
ers, don't wrinkle your nose and flip the page in favor 
of the ads on the latest offerings from your local deal¬ 
er. What I'm going to talk about is directly applicable 
to any amateur equipment. 

The item I want to deal with is cleaning the exterior 
of your gear. The benefits here are numerous; you 
can operate without having an air-sick bag handy, 
most technicians would rather spend an hour giving 
the gear a little extra tweaking instead of cleaning it, 
and it keeps the wife from nagging you about operat¬ 
ing a home for wayward cockroaches. 

For those of you who smoke, the gear really gets 
coated with tobacco stains in a hurry. The primary 
reason for this fact is that most of us get so wrapped 
up in a hot contest that we wind up with two cigar¬ 
ettes between the lips and three burning in the ash¬ 
tray without realizing it. In time, the panel markings 
get dim and blurred and you find yourself shading the 
vfo with one hand while squinting your eyes trying to 
read the numbers and keying with the other. 

There are only two cures for this condition that I 
know of. One is to stop smoking (if you have the will¬ 
power — I don't), the other is a couple of products 
called Sani-Wax and Fantastik along with about two 
hours work. Even if you decide to quit smoking, you 
still have the gear to clean up or trade in, and clean 
equipment almost always brings a few extra bucks 
when you trade. 

Sani-Wax is a white liquid that comes in a handy- 


dandy plastic quart container and retails for a dollar 
ninety-nine in my neck of the woods. The things it 
does for metal panels and cabinet borders is magnifi¬ 
cent. It's the only product I've used that will cut 
through smoke, grease, oil, and coffee stains while 
leaving a nice shine behind. The best part is that it 
goes on easy and wipes off easier. 

Fantastik is a spray cleaner from Texize Chemicals 
Company that will totally fascinate you with what it 
does for meters, vfo dials and windows, and espec¬ 
ially knobs. It knocks the skin oils and accumulated 
dirt out of the little grooves in those plastic knobs like 
crazy and it doesn't scratch or discolor them. An old 
toothbrush makes the job easier and a lot faster. Just 
make sure you get it back in the rack before your 
mother-in-law shows up for her weekly overnight 
visit. 

A word of caution before you start. It's a good idea 
to remove all knobs before beginning and to mark 
down what position your knobs are in BEFORE re¬ 
moving them. A lot of the controls, particularly bfo, 
audio/rf gain, passband tuning, and veniers, don't 
have flatted or keyed shafts to realign the pointers. 

If you can't find Fantastik at your local supermar¬ 
ket or electronics surplus store, try writing to the 
Consumer Relations Department, Texize Chemicals 
Company — Division of Morton-Norwich Products, 
Inc., Greenville, South Carolina 29602. They can put 
you hot on the heels of a local distributor. The people 
at Sani-Wax can be contacted by writing to Roger 
Solem, Market Mechanics, 1900 East Randoll Mill 
Road, Suite 106, Arlington, Texas 76011. 

By using Sani-Wax on all the metal parts, and Fan¬ 
tastik on all the plastic parts, your amateur equip¬ 
ment will shine like new with a minimum of work. 

William D. Fisher 
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pi network design 


for high-frequency 
power amplifiers 

A complete discussion 
of pi and pi-L networks 
with computer derived 
component values 
for a wide range 
of operating conditions 

The design of rf power amplifiers has always 
fascinated the typical radio amateur, and it remains 
one of the few fields in which a person of modest 
technical capability can still actively participate. 
Although the number of home-built transmitters has 
steadily diminished as more commercial companies 
have entered the market, many amateurs still like to 
design and build their own final amplifier. The infor¬ 
mation contained in this article should greatly assist 
those so inclined. Many interesting comparisons will 
be presented between amplifiers running at different 
power levels as well as pertinent computer-derived 
data for the proper selection of component values. 

With single sideband and its legal 2-kW PEP maxi¬ 
mum input power, certain problems crop up which 
many amtateurs overlook or are unable to handle. 
This is because the operator wants to run the ampli¬ 
fier at one power level for ssb and another for CW. 
The problems are compounded when the operator 
also wants to run RTTY, which is 100 per cent key- 
down continuous-carrier operation. 

There is also a growing tendency to build power 
amplifiers with higher plate voltages than were com¬ 


mon a few years ago. Part of this trend is due to the 
fact that the newer power tubes provide maximum 
performance at high plate voltages. Many of the pi- 
network design charts previously published have not 
been extended to include these higher operating 
voltages. 

pi networks 

The pi network is so named because of its 
resemblance to the Greek letter pi as shown in fig. 1. 
The same network in its electrical form with input 
and output impedances is shown in fig. 2. Since 
most amateurs use 50-ohm coaxial transmission line, 
the output load impedance of the pi network is usual¬ 
ly 50 ohms. 

When the pi network is used in a power amplifier, 
the circuit looks like that shown in fig. 3. The anten¬ 
na provides the output load impedance, Z Lt and the 
power tube provides the input load impedance, Zp. 
Since the plate load impedance usually falls into the 
range from 1200 to 5000 ohms, the pi network trans¬ 
forms the high impedance of the vacuum tube into 
the 50-ohm antenna load. It performs this job quite 
efficiently, and with predictable results. 

Actually, the pi network is a basic form of a three- 
pole lowpass filter. With proper care in design it will 
attenuate the second harmonic by 35 dB or moreJ 
This would be for a loaded Q of 12; if the Q is dou¬ 
bled, attenuation is increased by approximately 6 dB. 

The pi-L network shown in fig. 4 consists of a 
standard pi network with an additional inductor. 
Since the pi-L network is a four-pole lowpass filter, 
second harmonic attenuation is increased to approxi¬ 
mately 50 dB. This is particularly important if you 
want maximum suppression of TVI. 

In addition to increased harmonic suppression, the 
pi-L network offers greater bandwidth for a given 
variation in operating Q, requires less output capaci¬ 
tance, and is able to operate efficiently with lower Q 
at very high plate load impedances. These advan¬ 
tages will become more apparent later. 

By Irvin M. Hoff. W6FFC (reprinted from the 
September, 1972, issue of ham radio) 
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The dc plate resistance of a vacuum tube, at a 
given input power level, can be calculated with 
Ohm's law: R=E/I, where E is the dc plate voltage 
and / is the dc plate current. However, since we are 
dealing with an ac circuit, this is of little value. What 
we need to know is the plate load impedance. This is 


fig. 1. The pi network is so 
named because of its basic 
resemblance to the Greek 
letter it. 




m 


m 


given approximately by the following equation which 
has been derived from the complex functions of a 
vacuum tube operating in class B. 

Z P = 77577 11 * 

where Zp is the plate load impedance, / is the indicat¬ 
ed plate current, and E is the dc plate voltage. 

When the vacuum tube is operated in class C, as 
for CW, the plate load impedance is approximated by 


If you are using a linear amplifier that runs with very 
high idling current, and approaches class A, the fol¬ 
lowing approximation for plate load impedance 
would be more appropriate. 


Z P~ 


E 

1.31 


(3) 


Zero-bias grounded-grid linears are usually thought 
of as being class B, but there is no hard and fast rule 
in this regard. A number of articles has been written 
on this subject, and you are likely to have already 
formed some opinions of your own. 



fig. 2. Basic pi network showing the input and output load 
impedance. The input load impedance in transmitters is 
the plate load impedance; output load impedance is usually 
50 ohms in amateur stations. 


levels and different operating voltages and currents 
are shown in table 1. It can be seen from this data 
that the plate load impedance rises to very high levels 
when the plate voltage is increased above 4000 volts. 
More amateurs than might be expected use 4000 to 
6000 volt power supplies, and many of the associated 
problems have not been adequately discussed in 
the past. 

circuit Q 

The letter Q stands for quality factor, and is used 
to describe, in simple numerical terms, the efficiency 
and performance of capacitors and inductors. Actu¬ 
ally, there are two types of Q — loaded Q and 
unloaded Q. The unloaded Q is the inherent quality 
factor of the component itself; loaded Q is the quality 
factor of the component when it is used (and loaded 
down) by the circuit. 

The unloaded Q of a component is given by 

£>*=£> (unloaded) = < 4 > 

where X is reactance and r is ac resistance. The un¬ 
loaded Q of a high-quality capacitor might be 1000 or 
more, and a silver-plated inductor might have an un¬ 
loaded Q of more than 500. 

The loaded Q of a pi network is usually on the 
order of 10 to 20 for maximum harmonic attenuation, 
and is given by: 

Qp = Q. (loaded) = ,5) 

where Zp is the input impedance to the network, and 
Z L is the output impedance. 

When designing pi networks a value of loaded Q is 
chosen on the basis of harmonic attenuation, and is 
used in the design equations to determine the induc¬ 
tance and capacitance values for a given operating 
frequency. 

L-networks 

A typical step-down L-network is shown in fig. 5. 
This network is used to transform its input imped¬ 
ance to a lower output impedance. The Q of this cir¬ 
cuit is entirely dependent upon the ratio of the input 
and output impedances as given in eq. 5. 

For example, if the input impedance to an L- 
network is 2500 ohms, and the output impedance is 
50 ohms, the loaded Q of the network is 7: 


Consider the case of a class-B rf power amplifier 
with a 2100-volt plate power supply and indicated 
plate current of 476 mA {IkW input). As calculated 
from eq. 2, the plate load impedance is 2800 ohms: 

Z b = - 2l0 -°— =2800 ohms 

1.57-0.476 

Typical plate load impedances for various power 


Q o =Q(l 0 aded) = [ HMEJQ = J 49 = 7 
V 50 

However, a loaded Q of 7 is much too low for good 
harmonic suppression. To determine the L-network 
input impedance required to provide a desired value 
of loaded Q, eq. 5 is rearranged as shown below: 

Zp = Z L (Q% + l) (6) 
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For example, with an output load impedance of 50 
ohms, and a desired loaded Q of 12 (for good har¬ 
monic suppression), the required input impedance is 
7250 ohms. This is very restrictive and does not allow 
the designer sufficient latitude, So, although the L 
network is extremely efficient (98 per cent, typical), a 
pi network is usually used in transmitter output 
circuits. 


sible impedance transformation is used in a practical 
circuit. For a Q of 12 and an antenna load of 50 
ohms, this would represent a plate load resistance of 
5075 ohms. If the plate load resistance in an rf power 
amplifier is higher than 5075 ohms, a Q of more than 
12 is required to retain the same level of harmonic 
suppression. This problem is circumvented by the 
use of the pi-L network, as discussed below. 


C3 U ANTENNA 



fig. 3. Pi network used in the output of an rf power amplifier 
is coupled to the power tube through a dc blocking capaci¬ 
tor |C3). Cl is the tuning capacitor, C2 is the loading capaci¬ 
tor, and LI is the tank inductor. 


pi network analysis 

You can think of the pi network as being two L 
networks in tandem as shown in fig. 6. The first L 
network is a step-down type while the second L net¬ 
work is reversed for impedance step up. As an exam¬ 
ple, consider the case where the input impedance to 
the dissected pi network in fig. 6 is 2900 ohms. With 
a Q of 12, the first L network would step the input im¬ 
pedance down to 20 ohms. This is often called the 
virtual i m p ed a n ce. 

Z b 2900 2900 

7 1 =--—— ——— =-= ohms (7) 

Q2+; 722+7 745 

The second L network would then be designed to 
raise this virtual impedance of 20 ohms to 50 ohms to 
match the antenna. The Q of the second section 
would be quite low, on the order of 1.5. 

As the input impedance is increased with Q held 
constant, the virtual impedance increases, and when 
the virtual impedance is equal to the desired output 
impedance, the pi network reverts to an L network. 
For example, with a plate load impedance of 7250 
ohms and a Q of 12, the virtual impedance is 50 
ohms. This is the maximum possible impedance 
transformation for a Q of 12 and an output imped¬ 
ance of 50 ohms. 

Normally, about 70 per cent of the maximum pos- 



fig. 4. The pi-L network requires an additional inductor and 
provides increased second harmonic attenuation. 


pi-L network design 

Another L network may be added to the pi net¬ 
work as shown in fig. 7 for additional harmonic at¬ 
tenuation. In actual practice C2 and C3 are combined 
into one capacitor so the circuit used in the trans¬ 
mitter is like that shown in fig, 4. 

In the pi-L network, the input pi section transforms 
the plate load impedance to some lower figure, such 
as 300 ohms; this is often called the image imped¬ 
ance, The final L network transforms the image im¬ 
pedance down to 50 ohms to match the antenna. 

From eq. 6 it can be seen that with an image im¬ 
pedance of 300 ohms and a Q of 12, the pi network 
has a maximum transformation of 43500 ohms. 


fig. 5. Typical step-down 
L network is highly effi¬ 
cient but very restrictive 
as far as acceptable Q is 
concerned. 


U 



Using 70 per cent of the maximum possible transfor¬ 
mation as a practical maximum, as noted before, 
results in a maximum practical input impedance of 
30500 ohms with a Q of 12. This is far in excess of 
what you will ever need in a power amplifier designed 
for amateur service. 

The image impedance usually falls in the range 
between 200 and 400 ohms. It is selected for good 
harmonic attenuation, as well as balance in the T 
section of the pi-L network, and reasonable compo¬ 
nent values for the capacitors and inductors. If the 
image impedance is too high, the tuning capacitor 
(Cl) will be too small on 10 and 15 meters, and the 
two inductors will be very large. Large inductors, of 
course, increase circulating currents which result in 
higher losses due to heat. 

Q vs frequency 

The loaded Q of a pi network (or any tank circuit, 
for that matter) is equal to its parallel-resonant im¬ 
pedance divided by either the inductive or capacitive 
reactance of the network. 



The reactance of any inductor is directly propor¬ 
tional to frequency, increasing as the frequency in- 
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creases. Therefore, from eq. 8 it can be seen that if a 
particular inductor is used, loaded G will vary inverse¬ 
ly with frequency. As the frequency is lowered, for 
example, G is raised a proportionate amount. With 
this in mind, it is easy to determine the Q for a given 
network on a different frequency from the following 
formula: 

fl = QL (9) 

fi Q 1 


Where fl and QJ are the frequency and Q at one fre¬ 
quency, and f2 and Q2 are at the second, different 
frequency. 

For example, if an 80-meter pi network has a G of 
12 at 4.0 MHz, what is the Q at 3.5 MHz? 


f0_ 

3.5 


O' Q2=13.7 
12 


Although the actual loaded Q is somewhat depen¬ 
dent upon the value of plate load impedance used in 
the circuit, this approximation is accurate within 1 
per cent. In the above example, with a plate load im¬ 
pedance of 3000 ohms, Q2 would actually be 13.84. 


La 


Lfi 


m 



rh 


<fwr 


fig. 6. Pi network is basically two L networks in tandem. 


Since the G of the network goes up as the frequen¬ 
cy goes down, it's a good idea to design the pi net¬ 
work for the highest frequency that is to be used. 2 
With this approach, when the same inductor is used 
at lower frequencies within an amateur band, G in¬ 
creases somewhat, improving harmonic attenuation. 

Table 2 shows how G varies as a pi network is 
retuned to a different frequency (same inductor). 
Table 2A shows a pi network designed for 4.0 MHz 
which is retuned to 3.5 MHz; G increases from 12 at 
4.0 MHz to 13.8 at 3.5 MHz, The values of the tuning 
and loading capacitors are shown for comparison. 

Table 2B shows the case where a pi network is 
designed for 3.5 MHz with a G of 12 and retuned to 
4.0 MHz (same inductor). The Q drops to 10.4, well 
below the selected minimum of 12. 

network efficiency 

As the loaded G of a network is increased, efficiency 
goes down because of higher circulating currents 
and higher losses in the components. Approximate 
efficiency is given by 


efficiency = 100 (1 — 



( 10 ) 


where Q 0 is the loaded circuit Q and is the unload¬ 
ed component G. The graph in fig. 8 shows that effi¬ 
ciency is a linear function of loaded Q. For minimum 
loss, the loaded G should be as low as convenient, 
while still providing adequate harmonic attenuation. 
This figure has arbitrarily been chosen as 12, 

When the pi network is designed, the minimum G 
of 12 can only be obtained at the upper frequency of 



ft? 


rh 


rh 


rh m 


rh 


fig. 7. In the pi-L network a second L network is added to 
the basic pi network. Capacitors C2 and C3 are combined 
into one capacitor in a practical circuit, as shown in fig. 4. 


each amateur band, and then only at the maximum 
input power level. For other frequencies or lower in¬ 
put powers, the loaded Q is higher than 12. 

pi network design 

Usually, when you are trying to design a pi net¬ 
work for your transmitter or linear amplifier, you 
must refer to graphs shown in reference books such 
as the ARRL “Radio Amateur's Handbook.“3 These 
graphs are often somewhat confusing because you 
must first determine the plate load impedance, select 
a value of G and then find the reactance of each of 
the components. Then you must locate yet another 
graph to convert these reactance values into actual 
values of inductance and capacitance. 

Few of these charts and graphs are extended 
above plate load impedances of 5000 ohms, and 
most give vague reference to the fact that if the plate 
load impedance is greater than about 5000 ohms, the 
Q should be increased. 

The charts in table 3 and table 4 are computer 
derived and offer all the required information to build 



fig. 8. Efficiency of a network is inversely proportional to 
the loaded of the network. 
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table 1. Plate load impedances for different input power 
levels and different operating voltages and currents. 


input 



plate 

power 



impedance 

(W) 

volts 

mA 

(ohms) 

1000 

2000 

500 

2546 

2000 

2000 

1000 

1273 

2500 

2000 

1250 

1019 

1000 

2500 

400 

3979 

2000 

2500 

800 

1989 

2500 

2500 

1000 

1592 

1000 

2800 

357 

4991 

2000 

2800 

714 

2496 

2500 

2800 

893 

1996 

1000 

3300 

303 

6933 

2000 

3300 

606 

3466 

2500 

3300 

758 

2773 

1000 

4000 

250 

10186 

2000 

4000 

500 

5093 

2500 

4000 

625 

4074 

1000 

5000 

200 

15915 

2000 

5000 

400 

7958 

2500 

5000 

500 

6366 

1000 

6000 

167 

22918 

2000 

6000 

333 

11459 

2500 

6000 

417 

9167 


a practical pi network. The pi networks in table 3 for 
plate load impedances above 5000 ohms have in¬ 
creasing Q so that the transformation ratio never ex¬ 
ceeds the 70 per cent maximum. In addition, the in¬ 
ductors chosen for each of the designs are calculated 
for the highest frequency in the band. 

The Q of the network at the highest frequency is 
12 except when the plate load impedance is greater 
than 5075 ohms. The chart shows the capacitance 
values required to resonate the network to the lowest 
frequency in the band (maximum capacitance), as 
well as the operating Q at that frequency. In table 4, 
the image impedance (R3) at the lower frequency is 
also given. 

You will notice that the Q of the pi-L network does 
not go up as fast when frequency is lowered as it 
does with the pi network. Also, the Q remains the 
same for the pi-L for higher plate loads. 

In both table 3 and table 4 the values for ten 
meters are for 29.7 MHz, the highest frequency in the 
band. This is because you need to know minimum 
capacitance values to reach this frequency in a five- 
band transmitter. 

effect of swr 

A standing-wave ratio of 4:1 will affect the capaci¬ 
tance required at Cl by ±10 per cent and at C2 by 
± 25 per cent. If the swr is caused by capacitive reac¬ 
tance, the tuning and loading capacitors are on the 


smaller side, and if the swr is the result of inductive 
reactance, the loading and tuning capacitors must be 
larger. Keep this in mind when selecting component 
values for a transmitter so you will be able to com¬ 
pensate for an antenna that is not exactly matched to 
your transmission line. 

ssb and CW operation 

Table 1 shows that for a given plate supply 
voltage, the plate load impedance is inversely propor¬ 
tional to the input power level. That is, 1000 watts at 
2800 volts represents 5000 ohms, while 2 kW at the 
same supply voltage is 2500 ohms. Pi network values 
for a Q of 12 for each of these impedances are shown 
below (capacitace in pF, inductance in ^H): 


f 

R1 

Cl 

LI 

C2 

G 

4.0 MHz 

2500 

191 

9.18 

1097 

12.0 

4.0 MHz 

5000 

95 

17.38 

534 

12.0 


Note that the required inductance values are quite 
different. 

As an example of what you may expect under ac¬ 
tual operating conditions, consider the 2-kW design 
above (9.18 /tH inductor). At 3.5 MHz with 2 kW in¬ 
put, Cl is 252 pF, C2 is 1536 pF, and Q is 13.8; not 
too bad. However, if the input power is reduced to 
1000 watts at 3.5 MHz, Cl is 246 pF, C2 is 2287 pF, 
and Q reaches 27.0, increasing the circulating cur¬ 
rents and heat losses in the network. 

These figures point out the problems you can run 
into when you use the same operating voltage and 
same inductor at different power levels. Fortunately, 
there are several things which the designer can do to 
minimize these problems. 

variable inductors 

There are various variable rotary inductors avail¬ 
able on the market which allow the operator to select 
the proper inductance for 1000 watts CW at the bot¬ 
tom of a band as well as 2000 watts PEP ssb at the 
top. When compared to fixed inductors, these vari¬ 
able units are fairly expensive, and require a turns 
counter, further increasing cost. However, they are 
available in various inductance and current-carrying 
abilities, so they encompass practically any design 
requirement. Also, using a variable inductor elimi¬ 
nates the need for a bandswitch. 

bandswitch 

The primary purpose of the bandswitch is to 
change the tap on the tank-circuit inductor to one 
better suited for the band in use. However, there are 
several other important functions for the band- 
switch: 

1. Used to switch input networks to match the 

50-ohm output of the exciter. 
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2. Changes taps on the second inductor in a pi- 
L network. 

3. Sometimes used to switch in additional tun¬ 
ing/loading capacitance on the 80-meter band 
so smaller variable capacitors may be used in 
the circuit. 

Since you may wish to use a bandswitch in your 
power amplifier because of these additional uses, the 
variable inductor may lose some of its appeal. 

In a novel approach to this problem a ten-position 
bandswitch has been used in one design to select dif¬ 
ferent amounts of inductance for the CW and ssb 
ends of the band. 4 However, the additional switch 


have ample drive on CW if they are able to push the 
final to 2000 watts PEP on ssb. 

power supply voltage 

Since, as I just mentioned, most exciters have 
more than ample drive for 1000-watts input on CW if 
they are capable of driving the final to 2000-watts 
PEP on ssb, it's desirable to include some sort of 
automatic swamping so the exciter can be run in a 
normal manner for both ssb and CW. Lowering the 
plate supply voltage on the final-amplifier tubes 
decreases the plate load impedance required for a 
given input power level, therefore requiring more 
drive to reach this input power level. 


table 2. Variations in Q as the resonant frequency of the pi network is changed (same inductor). 


plate 

impedance 


frequency (ohms) 

A. Decreasing 4.0 MHz 2500 

frequency 3.5 MHz 2500 

B. Increasing 3.5 MHz 2500 

frequency 4.0 MHz 2500 


leads and the large number of inductor taps make 
this approach seem impractical for the typical home 
builder. 

Table 5 compares the performance of 1000- and 
2000-watt transmitters, as well as a 2000-watt trans¬ 
mitter run at 1000 watts input. In the latter case some 
additional losses are evident, but they're hardly large 
enough to cause much excitement. The same com¬ 
parison shows that the 2-kW transmitter with a Q of 
12 at 4 MHz, has a Q of 16.2 at 3.0 MHz. However, 
considerably more capacitance is required at Cl and 
C2. The pi~L network will alleviate this problem to 
some extent, as the Q of the pi-L does not increase 
as rapidly as frequency is lowered as it does with the 
straight pi network. 

Since the 80-meter band is proportionally wider 
than any other high-frequency amateur band, there 
is some merit in using an extra bandswitch position 
for 80 meters. 5 While I have shown previously that 
this is not required, it would be beneficial because 
you could select the 75-meter inductor for 4 MHz and 
2-kW input, with the 80-meter inductor chosen for 
3.7 MHz and 1-kW input. 

The primary advantage in such an arrangement 
would be the ability to add a second input network to 
match the exciter. Since the input networks have low 
Q (typically 2 to 3), they are quite broadband and are 
usually set to a frequency in the middle of the band. 
However, it would be literally impossible for the same 
input network to work equally well on both 3.5 and 
4.0 MHz, so it would be desirable to have one for 
each end of the band. From a practical standpoint, 
this might not be necessary because most operators 


load 

impedance 

Cl 

LI 

C2 


(ohms) 

(pF) 

(mH) 

(pF) 

Q 

50 

191 

9.18 

1097 

12.0 

50 

252 

9.18 

1536 

13.8 

50 

218 

10.49 

1254 

12.0 

50 

165 

10.49 

863 

10.4 


For example, if it takes 70 watts drive with 3000 
volts on the plate to reach 2000-watts input, then, 
depending upon the tubes used, it would take 70 to 
80 watts drive to reach 1000-watts input with a sub¬ 
stantially lower plate supply voltage. At the same 
time, the voltage-current relationship has changed, 
lowering the plate load impedance to something 
much closer to that which would give a Q of 12 with 
the same inductor. 

Also, the plate voltage must be lowered to retain 
the same Q with the same inductor at the same oper¬ 
ating frequency. This voltage reduction can be deter¬ 
mined from 

E2= 0.71 (El) (11) 

where El is the original plate voltage for 2000-watts 
input and E2 is the lowered plate voltage for 1000- 
watts input. For example, a plate supply of 2800 volts 
for 2000-watts input must be changed to 2000 volts 
for 1000-watts input at the same operating frequency 
and circuit Q. Actually, on 3.5 MHz, this would be 
perhaps 1800 to 1900 volts to provide a Q of 12 at 3.5 
MHz (1000 watts input) using a 2-kW transmitter de¬ 
signed for a Q of 12 at 4.0 MHz. However, it is unlike¬ 
ly that you could get 1000-watts input at this plate 
voltage, even with 100 watts drive on a cathode- 
driven grounded-grid amplifier. 

tuning capacitance 

Table 3 and table 4 show that the Cl tuning capa¬ 
citance becomes quite small on 10 and 15 meters as 
the plate load impedance is raised. A typical 2000- 
watt transmitter might use 2800 volts on the plate, 
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table 3A. PI network component values for matching a 50-ohm antenna load. Values have been chosen for a Q of 12 at the top edge of 
each amateur band. For plate load impedances greater than 5000 ohms, the Q. of the network has been adjusted upward to compensate 
for the maximum transformation ratio, as discussed in the text. R1 is the plate load impedance. 


R 1 

F 

Cl 

LI 

C2 

R? 

'0* 

Rl 

F 

Cl 

LI 

C2 

R2 

*Q ' 

Rl 

F 

Cl 

LI 

C2 

R2 

*Q ‘ 

OHMS 

mi 

PF 

IIH 

PF 

OHMS 

01ML. 

OHMS 

MHZ 

PF 

UH 

PF 

OHMS 

QUAL. 

OHMS 

MHZ 

PF 

UH 

PF 

OHMS 

QUAL. 

?m 

3.5 

3147 

0 .98 

62 44 

50 

13.8 

1 400 

3.5 

45? 

5.3 8 

22 05 

50 

13,8 

7000 

3.5 

106 

20.63 

862 

50 

16,3 

200 

7.0 

142 7 

0.54 

2827 

50 

12.6 

1 400 

7.0 

204 

? .95 

9B? 

50 

12.6 

7000 

7.0 

48 

1 1.28 

341 

50 

14.8 

200 

14.0 

701 

0.2 7 

1387 

50 

12.3 

1400 

14.0 

1P0 

I .50 

480 

50 

12.3 

7000 

14.0 

24 

5.74 

162 

50 

14.5 

200 

21 .0 

465 

0.18 

921 

50 

J 2.3 

1 400 

2 I .2 

66 

1 ,01 

3 19 

50 

12.3 

7000 

21.0 

16 

3.84 

107 

50 

14.4 

200 

29.7 

322 

0.13 

636 

50 

12.0 

1 400 

29.7 

46 

0.73 

219 

50 

12,0 

7000 

29.7 

11 

2.77 

70 

50 

14,1 

300 

3.5 

2098 

1 .38 

5071 

50 

13.8 

1500 

3.5 

420 

5.73 

2117 

50 

13.8 

7500 

3.5 

102 

21 .31 

862 

50 

16.8 

300 

7.0 

95 2 

0.76 

2294 

50 

12.6 

1500 

7.0 

190 

3.14 

942 

50 

12.6 

7500 

7.0 

46 

11.66 

341 

50 

15.3 

300 

14.0 

467 

0.39 

1125 

50 

12.3 

1500 

14.0 

93 

1 .60 

4 60 

50 

12.3 

7500 

14.0 

23 

5.93 

162 

50 

15 .0 

300 

21 .0 

310 

0.26 

747 

50 

12.3 

1500 

21.0 

62 

1 .07 

305 

50 

12.3 

75 00 

21.0 

15 

3.97 

107 

50 

14.9 

300 

29.7 

214 

0.19 

516 

50 

12.0 

1500 

29.7 

4 3 

0.77 

210 

50 

12.0 

7500 

29.7 

10 

2.86 

70 

50 

14.6 

400 

3.5 

1573 

1.76 

43 68 

50 

13.8 

20 00 

3.5 

315 

7.46 

1776 

50 

13.8 

8000 

3.5 

99 

21.98 

862 

50 

17.4 

400 

7.0 

714 

0.97 

1973 

50 

12.6 

2000 

7.0 

143 

4.09 

783 

50 

12.6 

8000 

7.0 

45 

12.02 

341 

50 

15.8 

400 

14.0 

350 

0.49 

9 68 

50 

12.3 

2000 

14.0 

70 

2.08 

382 

50 

12.3 

8000 

14.0 

22 

6.11 

162 

50 

15.5 

400 

21.0 

233 

0.33 

6 43 

50 

12.3 

2000 

21.0 

47 

1 .39 

253 

50 

12.3 

8000 

21.0 

15 

4.09 

107 

50 

15.4 

400 

29.7 

161 

0.24 

444 

50 

12.0 

2000 

29.7 

32 

1 .0) 

174 

50 

12,0 

8000 

29.7 

10 

2.95 

70 

50 

15.1 

500 

3.5 

1259 

2.14 

3886 

50 

13.8 

2500 

3.5 

252 

9.17 

1536 

50 

13.8 

8500 

3.5 

96 

22.62 

862 

50 

17.9 

500 

7.0 

57| 

l.lB 

1753 

50 

12.6 

2500 

7.0 

114 

5.03 

670 

50 

12.6 

8500 

7.0 

44 

12.38 

34 1 

50 

16.3 

500 

14.0 

280 

0.60 

859 

50 

12.3 

2500 

14.0 

56 

2.56 

326 

50 

12,3 

85 00 

1 4.0 

21 

6.29 

162 

50 

>6.0 

500 

21 .0 

18 6 

0.40 

57( 

50 

12.3 

2500 

21.0 

37 

1.71 

216 

50 

12.3 

8500 

21,0 

14 

4.21 

107 

50 

15.9 

500 

29.7 

129 

0.29 

394 

50 

12.0 

2500 

29.7 

26 

1.24 

148 

50 

12.0 

8500 

29.7 

13 

3.04 

70 

50 

15.6 

600 

3.5 

1049 

2.51 

3528 

50 

13.8 

3000 

3.5 

210 

10.86 

1352 

50 

13.8 

9000 

3.5 

93 

23.24 

862 

50 

18.5 

600 

7.0 

47fi 

1 .38 

1590 

50 

12.6 

3000 

7.0 

95 

5.95 

583 

50 

12.6 

9000 

7.0 

42 

12.72 

341 

50 

16.7 

600 

14.0 

23 4 

0.70 

7 79 

50 

12.3 

3000 

14.0 

47 

3.03 

283 

50 

12.3 

9000 

14.0 

21 

6.47 

162 

50 

16.4 

600 

21 .0 

155 

0.47 

5 1 7 

50 

12.3 

3000 

21.0 

31 

2.02 

187 

50 

12.3 

9000 

21.0 

14 

4.33 

107 

50 

16.4 

600 

29.7 

107 

0.34 

357 

50 

12.0 

3000 

29.7 

21 

1,46 

128 

50 

12.0 

9000 

29.7 

10 

3.12 

70 

50 

16.0 

700 

3.5 

89 9 

2.88 

3248 

50 

13,8 

3500 

3.5 

1 80 

12.53 

1203 

50 

13.8 

9500 

3.5 

91 

23.85 

862 

50 

19.0 

700 

7.0 

408 

1.58 

1462 

50 

12.6 

3500 

7.0 

82 

6.86 

512 

50 

12.6 

9500 

7.0 

41 

13.06 

341 

50 

17.2 

700 

14.0 

200 

0 .8 1 

716 

50 

12.3 

3500 

1 4.0 

40 

3.49 

247 

50 

12.3 

9500 

14.0 

20 

6.64 

162 

50 

16.9 

700 

21.0 

133 

0.54 

4 75 

50 

12.3 

3500 

21.0 

27 

2.34 

164 

50 

12.3 

9500 

21.0 

13 

4.44 

137 

50 

16.8 

700 

29.7 

92 

0.39 

328 

50 

12.0 

3500 

29.7 

18 

1.69 

111 

50 

12.0 

9500 

29.7 

9 

3.21 

73 

53 

16.4 

800 

3.5 

787 

3.24 

3021 

50 

13.8 

4000 

3.5 

157 

14.19 

1079 

50 

13.8 

10000 

3.5 

88 

24.44 

862 

50 

19.5 

800 

7.0 

357 

1.78 

135b 

50 

12.6 

4000 

7.0 

71 

7.77 

45 1 

50 

12.6 

10000 

7.0 

40 

13.38 

341 

50 

17.7 

800 

14.0 

175 

0.91 

6 65 

50 

12.3 

4000 

1 4.0 

35 

3.95 

217 

50 

12.3 

10000 

14.0 

20 

6.81 

162 

50 

17. S 

800 

21 .0 

116 

0.61 

442 

50 

12.3 

4000 

21.0 

23 

2.64 

144 

50 

12.3 

10000 

21 .0 

13 

4.55 

107 

50 

17.3 

800 

29.7 

80 

0.44 

304 

50 

12.0 

4000 

29.7 

16 

1.91 

97 

50 

12.0 

10000 

29.7 

9 

3.29 

70 

50 

16.9 

900 

3.5 

699 

3 .60 

2832 

50 

13.8 

45 00 

3.5 

140 

15.84 

9 7 J 

50 

13.8 

10500 

3.5 

86 

25.02 

862 

50 

19.9 

900 

7.0 

317 

I .98 

1271 

50 

12.6 

4500 

7.0 

63 

8.66 

397 

50 

12.6 

10500 

7.0 

39 

13.70 

341 

50 

18.1 

900 

14.0 

156 

1 .01 

622 

50 

12.3 

4500 

1 4.0 

31 

4.40 

190 

50 

12.3 

10500 

14.0 

19 

6.97 

162 

50 

17.8 

900 

21 .0 

103 

0.67 

413 

50 

12.3 

4500 

21.0 

21 

2.95 

126 

50 

12.3 

10500 

21.0 

13 

4.66 

107 

50 

17.7 

900 

29.7 

71 

0.49 

285 

50 

IP.Pi 

4500 

29,7 

14 

2.13 

84 

50 

12.0 

10500 

29.7 

3 

3.37 

70 

50 

17.3 

1000 

3.5 

629 

3 .96 

2671 

50 

13.8 

5000 

3.5 

126 

17.48 

875 

50 

13.8 

11000 

3.5 

84 

25.58 

862 

50 

20.4 

1000 

7.0 

285 

2.18 

1197 

50 

12.6 

5000 

7.0 

57 

9.55 

348 

50 

12.6 

1 1000 

7.0 

38 

14,01 

341 

50 

13.5 

1000 

14.0 

140 

1.11 

586 

50 

12.3 

5000 

14.0 

28 

4.85 

165 

50 

12.3 

11000 

14.0 

19 

7.13 

162 

50 

18.2 

1000 

21 .0 

93 

0.74 

3 89 

50 

12.3 

5000 

21.0 

19 

3.25 

109 

50 

12.3 

H 000 

21.0 

12 

4,77 

107 

50 

18.1 

1000 

29.7 

64 

0.54 

268 

50 

12.0 

5000 

29.7 

13 

2.34 

72 

50 

12.0 

11000 

29.7 

9 

3.44 

70 

50 

17.7 

l 100 

3.5 

5 72 

4 .32 

2532 

50 

13. B 

5500 

3.5 

I 19 

18.41 

861 

50 

14.4 

1 1500 

3.5 

83 

26.13 

862 

50 

20.9 

1 (00 

7.0 

2 60 

2.57 

1133 

50 

12.6 

5500 

7.0 

54 

70.05 

341 

50 

13.1 

1 J500 

7.0 

37 

14.32 

341 

50 

18.9 

1100 

14.0 

127 

1.21 

555 

50 

12,3 

5500 

14.0 

27 

5.11 

162 

50 

12.8 

11500 

14.0 

18 

7.28 

162 

50 

18.6 

1100 

21 .0 

85 

0 * R 1 

368 

50 

12.3 

5500 

21 .0 

IS 

3.42 

107 

50 

12.8 

115 00 

21.0 

12 

4.87 

107 

50 

18.5 

l 100 

29.7 

58 

0.58 

253 

50 

12.0 

5500 

29.7 

12 

2.47 

70 

50 

12.5 

11500 

29.7 

8 

3.52 

70 

50 

18.1 

1200 

3.5 

524 

4.67 

2410 

50 

13.8 

6000 

3.5 

1 14 

19.18 

862 

50 

15.1 

12000 

3.5 

81 

26.67 

862 

50 

21.3 

1200 

7.0 

238 

2.5 7 

1077 

50 

12.6 

6000 

7.0 

52 

10.48 

341 

50 

13.7 

12000 

7.0 

37 

14.61 

341 

50 

19.3 

1200 

14.0 

117 

1 .51 

527 

50 

12.3 

6000 

14.0 

25 

5.33 

162 

50 

13.4 

12000 

14.0 

18 

7.43 

162 

50 

19.0 

1200 

21 .0 

78 

0.87 

350 

50 

12.3 

6000 

21.0 

17 

3.56 

107 

50 

13,4 

12000 

21.0 

12 

4.97 

107 

50 

18.9 

1200 

29.7 

54 

0.63 

241 

50 

12.0 

6000 

29.7 

12 

2.57 

70 

50 

13.1 

12000 

29.7 


3.59 

70 

50 

18.5 

1300 

3.5 

484 

5.03 

2302 

50 

13.B 

6500 

3.5 

1 10 

19.92 

862 

50 

15.7 








1300 

7.0 

220 

2.76 

1027 

50 

12.6 

6500 

7.0 

50 

10.89 

341 

50 

14.2 








1300 

14,0 

108 

1 .40 

5 02 

50 

12.3 

6500 

14.0 

24 

5.54 

162 

50 

14.0 








1300 

21 .0 

72 

0.94 

333 

50 

12.3 

6500 

21 .0 

16 

3.70 

107 

50 

13,9 








1300 

29.7 

49 

0.68 

229 

50 

12.0 

6500 

29.7 

11 

2.67 

70 

50 

13.6 









providing a plate load impedance of approximately 
2500 ohms. This transmitter would require only 26 pF 
tuning capacitance to reach the top end of the IO¬ 
meter band. 

Unfortunately, most modern rf power tubes 
designed for the 2000-watt level have output capaci¬ 
tances on the order of 10 pF — this leaves about 16 
pF for tuning, including stray circuit capacitance. 

If you study the various air-variable capacitors 
available you will find that it is virtually impossible to 
find a variable capacitor that will provide the neces¬ 
sary spacing for this operating voltage as well as tune 
the capacitance range needed for both 10 and 80 
meters. Also, you must keep in mind that ±10 per 
cent leeway should be provided to compensate for 
any swr on the transmission line. 

As the plate load impedance increases, the situa¬ 


tion becomes even more acute. A 1000-watt trans¬ 
mitter with a plate supply of 2800 volts has a plate 
load impedance of 5000 ohms — on ten meters this 
means the tuning capacitor Cl is a total of 13 pF. In 
this case you would probably have to delete Cl en¬ 
tirely from the circuit and let the capacitance of the 
power tube supply the necessary tuning capacitance. 
However, this is not practical. 

Fortunately, there are several things you can do to 
help alleviate this situation. You can use a smaller 
capacitor and add fixed capacitance on 40 and 80 
meters, or use two variable capacitors, switching in 
the larger one on the lower bands. The vacuum capa¬ 
citor is another possibility because of its low mini¬ 
mum capacitance, often as low as 3 pF. You can also 
blunder ahead and use a too-large capacitor, allow¬ 
ing the Q to be higher than normal. 
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table 3B. Pi-network component values for use within the 160-meter amateur band. Values were determined as in table 3A. 


Ri 

F 

C] 

1.1 

C 2 

ft? 

'0 ' 

R 1 

F 

Cl 

LI 

C 2 

R 2 

V 

81 

F 

Cl 

U 

C 2 

R 2 

V 

OHMS 

mhz 

PF 

UH 

PF 

OHMS 

00 AL. 

OHMS 

MHZ 

PF 

UH 

Pp 

OHMS 

OUAL. 

OHMS 

MHZ 

PF 

UH 

PF 

OHMS 

GOAL 

\ m ? 

1 .8 

1 187 

7.94 

50)9 

50 

13.4 

4750 

1 .8 

250 

33.3 3 

1684 

50 

13.4 

8500 

1 .8 

181 

45.26 

1557 

50 

17.4 

1 000 

1 

1062 

7.95 

4459 

50 

12 . 7 

4750 

1 .9 

224 

33.26 

1403 

50 

12,7 

8500 

1 .9 

162 

45.2 1 

1290 

50 

16.4 

1000 

2.0 

955 

7,96 

3979 

50 

12.0 

4750 

2.0 

201 

33.17 

1 155 

50 

12.0 

8500 

2.0 

146 

45.14 

1042 

50 

15.6 

125 0 

1 .8 

949 

9.71 

44 19 

5 ;* 

13.4 

5000 

1 .8 

23 7 

34.96 

1593 

50 

13.4 

8750 

1 .8 

178 

45 .89 

1567 

50 

1 7.6 

1 25 0 

1 .9 

849 

9.72 

39 17 

5 n 

12.7 

5000 

1 .9 

212 

34 .87 

1315 

50 

12.7 

8750 

1 ,9 

160 

45 ,84 

1290 

50 

1 5.7 

1250 

2.0 

764 

9.74 

3487 

50 

12.0 

5000 

2.0 

191 

34.77 

10 68 

50 

12.0 

8750 

2.0 

144 

45.77 

1042 

50 

15.8 

1 500 

1 . 8 

79 1 

11.47 

3969 

50 

13.4 

5250 

1 .8 

230 

36.01 

1566 

50 

13.7 

9000 

1 .8 

176 

46.5 1 

1567 

50 

1 7.9 

1500 

1 .9 

708 

1 t .48 

35 10 

50 

U .7 

5250 

l .9 

206 

35.93 

1290 

50 

12.9 

9000 

1 .9 

157 

46.47 

1290 

50 

16.9 

1500 

2.0 

63 7 

1 1 .49 

31 16 

50 

12.0 

5250 

2.0 

185 

35 . 8 ^ 

1.1 Ail 

50 

12.2 

9000 

2.0 

142 

46.40 

1042 

50 

16.0 

1 750 

1 .8 

678 

13 .21 

3 b 13 

50 

13.4 

5500 

1 .8 

225 

36.81 

1566 

5 0 

14.0 

9250 

1 .8 

1 73 

47.13 

1567 

50 

18 . 1 

1 75 0 

1 .o 

607 

13 . 2 ? 

31^7 

50 

12.7 

5 500 

1 .9 

201 

36.73 

1290 

50 

13.2 

9250 

1 .9 

155 

47.08 

1290 

50 

1 7.1 

1 750 

2.0 

546 

13.23 

2822 

50 

12.0 

5500 

2.3 

181 

36.63 

1042 

50 

12.5 

9250 

2.0 

140 

47.02 

1042 

50 

1 6.2 

2000 

1 .8 

593 

14 .94 

33 22 

50 

13.4 

5750 

1 .8 

220 

37.59 

15 6 7 

50 

14.3 

9 500 

1 .8 

171 

47.73 

1567 

5 H 

1 8.4 

2000 

1 .9 

53 1 

14.94 

2922 

50 

12.7 

5750 

1 .9 

197 

37.52 

1290 

50 

13.5 

9500 

1 .9 

153 

47.69 

1290 

50 

i 7.4 

2000 

2.0 

477 

1 4 .95 

25 79 

50 

12.0 

5 750 

2.0 

177 

37.41 

10 42 

50 

12,8 

9 500 

2.0 

138 

4 7.63 

1042 

50 

16.4 

2250 

1 .8 

52 7 

1 6.65 

30 76 

50 

13.4 

6000 

1 .8 

215 

38.36 

1567 

50 

14.6 

9 750 

1 .8 

169 

48.33 

1567 

50 

18.6 

2250 

i .9 

4 72 

16.65 

2697 

50 

12.7 

6000 

1 *9 

143 

38.28 

1290 

50 

13.8 

9750 

1 .9 

151 

48.29 

1290 

50 

17.6 

2250 

2.0 

424 

16.66 

23 73 

50 

1 * 2.0 

6000 

? .0 

1 73 

38.18 

1042 

50 

13.1 

9750 

2.0 

136 

48.23 

1042 

50 

16.7 

2 500 

1 .8 

475 

18.36 

2864 

50 

13.4 

625 3 

1 .8 

21 1 

39.11 

15 67 

5.1 

14.9 

10000 

1 .8 

167 

48.92 

15 68 

50 

18.9 

2500 

i .9 

425 

18.36 

2504 

50 

12.7 

6250 

1 .9 

189 

39.03 

1290 

50 

14 , 1 

13000 

1 ,9 

149 

48.88 

1290 

50 

17.8 

2503 

2 .0 

382 

18.36 

2194 

50 

1 2 . 0 

6250 

2 .0 

1 70 

3 *. 'M 

1042 

50 

13.3 

10000 

2.0 

134 

48.82 

1042 

50 

16.9 

2750 

i .8 

432 

20 .05 

2678 

50 

13.4 

6500 

1 .8 

20 7 

39.84 

1567 

50 

15.2 

10250 

1 .8 

165 

49.50 

1568 

50 

19.1 

2750 

1 .9 

3«6 

20 .05 

2333 

50 

12.7 

6600 

l .9 

185 

39.7 7 

1290 

50 

14.4 

10250 

1 .9 

147 

49.46 

1290 

50 

1 8.0 

2750 

2.0 

347 

20.04 

2036 

50 

12.0 

6500 

2.0 

166 

39.68 

10 42 

50 

13.6 

10250 

2 .0 

133 

49 .4 1 

1042 

50 

1 7 . 1 

3000 

l .8 

396 

21.74 

25 13 

50 

13.4 

6750 

1 .8 

203 

40.56 

1567 

50 

15.5 

10500 

1 .8 

163 

50.07 

1568 

50 

19.3 

3000 

1 .9 

354 

21.73 

2181 

50 

12.7 

6750 

1 .9 

182 

40.4 9 

1290 

50 

14.6 

10500 

1 ,9 

146 

50.04 

1290 

50 

18.3 

3000 

2.0 

3 i 8 

21.72 

1894 

50 


6750 

? .0 

163 

40.40 

1042 

50 

13.9 

10500 

2 .0 

13 1 

49 .98 

1042 

50 

1 7.3 

3250 

l .9 

365 

23.4 1 

23 64 

50 

13.4 

7000 

1 .8 

199 

41 .2 7 

1567 

50 

15.8 

10750 

1 .8 

161 

50.64 

15 68 

50 

19.6 

3250 

l .9 

327 

23.40 

2043 

50 

12,7 

7000 

1 .9 

178 

4 | .2 0 

1290 

50 

1 4.9 

10750 

1 .9 

1 44 

50 .6 1 

1290 

50 

1 8.5 

3250 

2.0 

29 4 

23.3 8 

1 766 

50 

12.0 

7000 

2.3 

160 

4 1.11 

1042 

50 

1 4 . 1 

10 750 

2.0 

130 

50.56 

1042 

50 

17.5 

3500 

1 .8 

33 9 

25.08 

2228 

50 

13.4 

7250 

1 .8 

196 

4 i .96 

1567 

50 

1 6 . ( 

1 1 000 

1 .8 

159 

51 .20 

1568 

50 

14.8 

3500 

1 .9 

303 

25.0 6 

1917 

50 

12.7 

7250 

1 .9 

175 

4 1 .90 

1290 

50 

15.2 

1 i 000 

1 .9 

142 

51.17 

1290 

50 

18.7 

3530 

2.0 

273 

25.04 

1 647 

50 

12.0 

7250 

2.0 

158 

41.81 

1042 

50 

14.4 

1 i 000 

2.0 

128 

51.12 

1042 

50 

1 7.7 

3750 

I .8 

3 1 6 

26.75 

2104 

50 

13.4 

7500 

1 .8 

193 

42.64 

1567 

50 

16.3 

1 1250 

1 .8 

157 

51 .76 

1568 

50 

20.0 

3750 

1 .9 

283 

26,72 

1801 

50 

12.7 

7500 

1 .9 

172 

42.58 

1290 

50 

15.4 

11250 

1 .9 

1 4 1 

51 .73 

1290 

50 

1 8.9 

3750 

2.0 

25 5 

26.68 

1538 

50 

12.0 

7500 

2.0 

155 

42.50 

1042 

50 

14.6 

11250 

2.0 

127 

51 .68 

1042 

50 

17.9 

4000 

1 .8 

297 

28.40 

1988 

50 

13.4 

7750 

1 .8 

189 

43.31 

1567 

50 

16.6 

11 500 

1 .8 

156 

52.30 

15 68 

50 

20.2 

4000 

1 .9 

265 

28.3 7 

1693 

50 

12,7 

7750 

1 .9 

169 

43.25 

1290 

50 

15.7 

11500 

1 .9 

139 

52.28 

1290 

50 

19 .I 

4000 

2.0 

239 

28.3 2 

1435 

50 

12.0 

7750 

2.0 

152 

43.1 7 

1042 

50 

14.8 

1 i 500 

2.0 

125 

52 .23 

10 42 

50 

18 . 1 

4250 

1 .8 

279 

30.05 

1881 

50 

13.4 

8000 

1 .8 

186 

43.97 

1567 

50 

1 6.9 

1 1 750 

1 .8 

154 

52.85 

1568 

50 

20.5 

4250 

1 .9 

25 0 

30.00 

1591 

50 

12.7 

8 000 

1 .9 

167 

43 .92 

1290 

50 

15.9 

1 1 750 

1 .9 

138 

52 .82 

1290 

50 

19.3 

4250 

2.0 

225 

29.95 

1337 

50 

12.0 

8000 

2.0 

150 

43 .84 

1042 

50 

15.1 

1 1 750 

2.0 

12 4 

52.78 

1042 

50 

18.3 

4500 

1 .8 

264 

31 .69 

1 7 79 

50 

13.4 

8250 

1 .8 

184 

44.62 

1567 

50 

n.i 

12000 

1.8 

152 

53.38 

1568 

50 

20.7 

4500 

1 .9 

23 6 

31 .64 

1 495 

50 

12.7 

8250 

1 .9 

164 

44.57 

1290 

50 

16.2 

12000 

1 .9 

136 

53.36 

1290 

50 

19.5 

4500 

2.0 

212 

31 .57 

1244 

50 

12.0 

8250 

2.0 

148 

44.49 

1042 

50 

15.3 

12000 

2.0 

123 

53.32 

1042 

50 

18.5 


Oddly enough, each of these different techniques 
is currently being used in commercial amateur-band 
power amplifiers. The vacuum variable provides the 
best answer to this problem, but it is also the most 
expensive (by a wide margin). However, the vacuum 
variable has many advantages worth considering if 
you are more interested in performance than in 
total cost. 

From table 6 you can see that the Q on ten meters 
goes up quite rapidly if too much capacitance is used 
at Cl, One currently available commercial amplifier 
uses 2800 volts at 2-kW input (plate impedance, 2500 
ohms). For ten meters this calls for an input capacitor 
of about 15 pF, after the output capacitance of the 
tubes has been subtracted. However, this amplifier 
uses two 20-150 pF capacitors in parallel which are 
tuned in tandem with a geared arrangement. Thus, 
their minimum capacitance is about 40 pF, plus 10 pF 
added by the power tubes, providing a minimum in¬ 
put capacitance of more than 50 pF without any 
allowance for strays. 

Table 6 shows that this gives a minimun Q of 24.0 
at the top end of the ten-meter band (around 25.5 at 
the bottom end). If the amplifier were used at 1000- 


watts input, the Q would be nearly 48 at the top band 
edge and over 50 at the bottom! 

This amplifier would obviously lose substantial 
power output in the form of heat in the tank in¬ 
ductor, and proper tuning would be very critical. It 
would also have to be retuned more often as fre¬ 
quency was changed. 

This design is what I call the blunder-ahead 
method. In my mind, it would have been relatively 
simplefor the manufacturer to use only one of the two 
tuning capacitors on 10,15, and 20 meters, switching 
in the second tuning capacitor on 40 and 80. 

Another manufacturer does precisely this. He uses 
a dual-section capacitor — half is used for the three 
upper bands and the other half is added in parallel on 
40 and 80 meters. This provides normal Q for 2000- 
watts input on 10 meters. It still gives Q in excess of 
20 with 1000-watts input, but that's really not too 
bad. This tuning system gives more than twice the 
vernier of the other system since the maximum 
capacitance on 20 meters, for example, is 120 pF. On 
the previous amplifier there is 300 pF available, even 
on 20 meters. The unit with the lower capacitance is 
far easier to tune on the upper three bands. 
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table 4A. Pi-L network component values for matching a 50-ohm antenna load. Values have been chosen for a Q of 12 at the top 
edge of each amateur band. The image impedance (R3I has been chosen to provide a balanced transformation in the T section of 
the pi-L network. R1 is the plate load impedance. 
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table 4B. Pi-L network component values for the 160-meter amateur band. Values were determined as in table 4A. 
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252 

50 

13.1 

5250 

1 .9 

200 

42.4 7 

I 466 

8.90 

279 

50 

12 . 6 

52 50 

2.0 

1 82 

42 .35 

1309 

8.90 

300 

50 

12.0 

5500 

1 .8 

210 

44.43 

1624 

8.90 

252 

50 

13.1 

5500 

1 .9 

190 

44 .29 

1 444 

8.90 

275 

50 

12.5 

5500 

2 .0 

1 74 

44.16 

1290 

8.90 

300 

50 

12.0 

5750 

1 .8 

201 

46,25 

1601 

8.90 

252 

50 

13.1 

5750 

1 .9 

1 82 

46 . 1 0 

1 424 

8.90 

275 

50 

12,5 

5750 

2.0 

1 66 

45 .95 

1273 

8,90 

300 

50 

12.0 

6000 

1 .8 

193 

48.07 

1579 

8.90 

252 

50 

13.1 

6000 

1 .9 

1 75 

47.91 

1405 

8.90 

275 

50 

12,5 

6000 

2.0 

159 

4 7.75 

1256 

8.90 

300 

50 

12.0 

62 50 

1 .8 

1 85 

49.88 

1559 

8.90 

252 

50 

13.1 

62 50 

1 .9 

1 68 

49,71 

1387 

8.90 

275 

50 

12.5 

62 5 0 

2.0 

153 

49.53 

124 1 

8.90 

300 

50 

12.0 

6500 

1 .8 

1 78 

5 1 ,69 

1539 

8.90 

252 

50 

13.1 

6500 

1 .9 

161 

51 .50 

1370 

8.90 

275 

50 

12.5 

65 00 

2.0 

147 

51.32 

1226 

8,90 

300 

50 

12.0 

6750 

1 .8 

1 71 

53.50 

1521 

8,90 

252 

50 

13.1 

675 0 

1 .9 

155 

53 . 30 

1354 

8,90 

275 

50 

12.5 

6750 

2.0 

1 4 1 

53 . 10 

1212 

8,90 

300 

50 

12.0 

7000 

1 .8 

165 

55.30 

1503 

8 , 9 f 

252 

50 

13.1 

7000 

1 .9 

150 

55.09 

1339 

8,90 

275 

50 

12.5 

7000 

2.0 

136 

54.87 

1 199 

8,90 

300 

50 

12.0 

72 50 

1.8 

159 

57.10 

1487 

8,90 

252 

50 

13.1 

72 50 

1 .9 

1 44 

56.87 

1325 

8.90 

275 

50 

12.5 

7250 

2.0 

132 

56.64 

1 186 

8,90 

300 

50 

12.0 


Rt 

F 

Cl 

LI 

C 2 

L 2 

R 2 

R 3 

’ Q * 

OHMS 

MHZ 

PF 

UH 

PF 

UH 

OHMS 

OHMS 

QUAL 

7500 

1.8 

154 

58.89 

1471 

8.90 

252 

50 

13.1 

7500 

1 .9 

140 

58.65 

131 1 

8.90 

275 

50 

12.5 

75 00 

2.0 

127 

58.41 

1 174 

8.90 

300 

50 

12.0 

7750 

1 *8 

1 49 

60,69 

1456 

8.90 

252 

50 

13.1 

7750 

1 .9 

135 

60.43 

1298 

8.90 

275 

50 

12.5 

7750 

2,0 

123 

60 . 1 7 

1 163 

8.90 

300 

50 

1 2.0 

8000 

1 .8 

144 

62.4 7 

1442 

8.90 

252 

50 

13.1 

8000 

1 .9 

131 

62 .20 

1285 

8,90 

275 

50 

12,5 

80»0 

2.0 

119 

61 .93 

1 152 

8.90 

300 

50 

1 2.0 

82 50 

1 .8 

140 

64.26 

1428 

8.90 

252 

50 

13.1 

82 50 

1 .9 

127 

63.97 

1273 

8,90 

275 

50 

12.5 

82 50 

2.0 

1 1 6 

63.69 

1 141 

8.90 

300 

50 

12.0 

8500 

1.8 

136 

66,04 

1414 

8.90 

252 

50 

13.1 

8500 

1 .9 

123 

65.74 

1262 

8.90 

275 

50 

12.5 

8500 

2.0 

1 12 

65.44 

1 13 1 

8.90 

300 

50 

12.0 

8750 

1.8 

132 

67.82 

1 402 

8.90 

252 

50 

13.1 

8750 

1 .9 

1 20 

67,50 

1251 

8.90 

275 

50 

12.5 

8750 

2.0 

1 09 

67.19 

1 122 

8.90 

300 

50 

12.0 

9000 

1.8 

128 

69.59 

1390 

8.90 

252 

50 

13.1 

9000 

1.9 

1 16 

69.27 

1240 

8.90 

2 75 

50 

12.5 

9000 

2.0 

106 

68.94 

1112 

8.90 

300 

50 

12.0 

92 50 

1.8 

125 

71 .37 

1378 

8.90 

252 

50 

13.1 

92 50 

1 .9 

1 13 

71 .02 

1230 

8.90 

275 

50 

12.5 

92 50 

2.0 

103 

70.69 

1 104 

8,90 

300 

50 

12.0 

95 00 

1.8 

122 

73.14 

1366 

8.90 

252 

50 

13.1 

9500 

1 .9 

1 10 

72.78 

1220 

8.90 

275 

50 

12.5 

9500 

2.0 

101 

72.43 

1095 

8.90 

300 

50 

12.0 

9750 

1.8 

1 19 

74.91 

1355 

8.90 

252 

50 

13.1 

9750 

1 .9 

1 07 

74.53 

1211 

8.90 

2 75 

50 

12,5 

9750 

2.0 

98 

74.1 7 

1 087 

8.90 

300 

50 

12.0 

10000 

1 .8 

1 16 

76.67 

1345 

8.90 

252 

50 

13.1 

10000 

1 .9 

105 

76 . 2 R 

1202 

8.90 

2 75 

50 

12.5 

10000 

2.0 

95 

75.90 

10 79 

8.90 

300 

50 

1 2.0 

102 50 

1.8 

1 13 

78.43 

1335 

8.90 

2 52 

50 

13.1 

102 50 

1.9 

1 02 

78.03 

1 193 

8.90 

2 75 

50 

12.5 

102 50 

2.0 

93 

77.64 

1071 

8.90 

300 

50 

1 2.0 

10500 

1 .8 

1 10 

80.19 

1325 

8.90 

252 

50 

13 . 1 

10500 

1 .9 

100 

79 . 78 

1 1 84 

8.90 

2 75 

50 

12.5 

10500 

2.0 

91 

79.37 

1063 

8.90 

300 

50 

12.0 

10750 

1 . 8 

107 

81 .95 

1315 

8.90 

252 

50 

13.1 

1 0750 

1 .9 

97 

8 1 ,52 

1 1 76 

8,90 

2 75 

50 

12.5 

1 0750 

2.0 

89 

81.09 

1056 

8.90 

300 

50 

12.0 

1 1 000 

1.8 

1 05 

83.71 

1306 

8.90 

252 

50 

13.1 

1 1000 

1.9 

95 

83.26 

1 168 

8.90 

2 75 

50 

12.5 

1 1000 

2.0 

87 

82.82 

1 049 

8.90 

300 

50 

12.0 

1 1250 

1.8 

1 03 

85.46 

1297 

8.90 

252 

50 

13.1 

1 1250 

1 .9 

93 

85.00 

1 160 

8.90 

275 

50 

12.5 

1 1250 

2.0 

85 

84.54 

1042 

8.90 

300 

50 

12.0 

11500 

1.8 

1 00 

87.21 

1288 

8,90 

252 

50 

13.1 

115 00 

1 .9 

91 

86.73 

1 152 

8.90 

275 

50 

12.5 

1 1 500 

2.0 

83 

86.26 

1036 

8.90 

300 

50 

12.0 

1 1 750 

1.8 

98 

88.96 

1280 

8.90 

252 

50 

13.1 

1 1 750 

1 .9 

89 

88.47 

1 145 

8.90 

2 75 

50 

12.5 

1 1 750 

2.0 

81 

87.98 

1029 

8.90 

300 

50 

12.0 

12000 

1 .8 

96 

90,71 

1271 

8.90 

252 

50 

13.1 

12000 

1 .9 

87 

90.20 

1138 

8.90 

275 

50 

12.5 

12000 

2.0 

80 

89.70 

1023 

8,90 

300 

50 

12.0 


band 

turns 

approximate 

inductance 

80 

11.000 

4.43 n H 

40 

7.125 

2.43 m H 

20 

4.5000 

1.23 *iH 

15 

3.500 

0.83 

10 

2.875 

0.60 nH 


A suitable coil for the L-network inductor consists of two inches (5cm) of 
Air-Dux 1606T 16 turns-per-inch, (2.5cm), no. 14 wire, 2" (2.5cm) 
diameter!. This inductor should be placed at right angles to the main pi in¬ 
ductor to avoid mutual inductance. In the following chart, 7.125 would be 
slightly over 7 full turns, 2.875 is slightly less than 3 full turns. 
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table 5. Comparisons between a 1-kW transmitter, a 2-kW 
transmitter, and a 2-kW transmitter operated at 1-kW input. 
A frequency of 4 MHz was used, but other frequencies from 
3 to 30 MHz should produce comparable results. (These 
calculations are computer derived for comparative pur¬ 
poses and only approximate actual operating conditions.) 

1 kW on 2*kW 



1 kW 

2 kW 

transmitter 


Plate voltage 

2800 

2800 

2800 

volts 

Plate current 

357 

714 

357 

mA 

Plate load impedance 

5000 

2500 

5000 

ohms 

Power input 

1000 

2000 

1000 

watts 

Tube output (typical) 

700 

1400 

700 

watts 

Power at antenna 

672 

1343 

647 

watts 

T ransmitter efficiency 

67.2 

67.1 

64.7 

per cent 

Network efficiency 

96.0 

95.9 

92.5 

per cent 

Lost in LI (heat) 

27.9 

56.9 

52.6 

watts 

Circuit Q 

12 

12 

23.6 


Inductor Q (typical) 

350 

350 

350 


Frequency 

4.0 

4.0 

4.0 

MHz 

Antenna load 

50 

50 

50 

ohms 

Cl tuning capacitor 

95.5 

191.0 

187.8 

PF 

LI inductor 

17.38 

9.18 

9.18 

tiH 

C2 loading capacitor 

533.8 

1096.9 

1703.0 

PF 

Cl reactance 

416.7 

208.3 

211.9 

ohms 

LI reactance 

436.9 

230.7 

230.7 

ohms 

C2 reactance 

74.5 

36.3 

23.4 

ohms 

Current in Cl 

4.49 

8.98 

8.83 

amps 

Current in LI 

4.73 

9.29 

8.93 

amps 

Current in C2 

2.46 

7.14 

7.70 

amps 

Voltage across Cl 

2645.8 

2645.8 

2645.8 

peak volts 

Voltage across C2 

259.2 

366.5 

254.4 

peak volts 

Voltage on antenna 

183.3 

259.1 

179.9 

rms volts 

Current in antenna 

3.67 

5.18 

3.60 

amps 


One other circuit trick which can be used quite 
successfully is to use a dual-section variable, placing 
the two sections in series rather than parallel. This 
reduces the minimum capacitance to 10 pF or less. 

broadband power amplifier 

Many operators need special frequencies outside 
the five amateur bands for MARS or other purposes, 
and need a power amplifier which can be tuned up at 
any frequency in the range from 3.0 to 30 MHz. 
Table 7 shows a pi-network design that gives contin¬ 
uous frequency coverage in five switch positions. A 
pi-L network for similar use is shown in table 8. The 
pi-L is more broadband for a given Q variation, and 
requires substantially less output capacitance. Both 
designs are for 2000-watts input with a 2800-volt 
plate supply, or 1000-watts input at 2000 volts. 

component ratings 

To determine the peak voltage across Cl you can 
use the maximum dc plate voltage. This is not pre¬ 
cisely correct, but it's close enough. Normally you 
would increase the voltage by at least 30 per cent 
when selecting a capacitor to prevent arcing if the 


tank circuit is not prefectly resonated, and to allow 
for some oxidation if you use an air variable. 

There are several ways to determine peak voltage. 
If the power output is known at this point you can 
use eq. 12 to determine peak voltage; 

Ep k = '/~2PZ ( 12 ) 

where Epk is the peak rf voltage, P f is output power, 
and Z is plate load impedance. For example, in a 1- 
kW transmitter with 2800 volts on the plate, the peak 
voltage across Cl and LI is 2646 volts. (The power 
output of class-B stages may be estimated at 70 per 
cent of the input power as this gives some margin of 
protection and is suitable for this purpose). 

The peak voltage across C2 can also be figured in a 
similar manner, except that 2 in eq. 12 is the antenna 
load impedance. Power output may be estimated at 
65 per cent of the input. For example, if the output 
power is 650 watts (for a 1-kW amplifier), and the an¬ 
tenna load is 50 ohms, this represents approximately 
254 peak volts across C2. Thus, for a 1000-watt 
transmitter, a 350-volt, 365-pF broadcast receiver 
type capacitor could be used successfully. For 2000 
watts input at 2800 volts, the peak voltage across C2 
would be 367 volts, and the broadcast-tuning capaci¬ 
tor would be too marginal. 

In the pi-L network the image impedance must be 
used when calculating the peak voltage across capa¬ 
citor C2, and the voltage rating must be substantially 
higher than for the same capacitor in the pi network. 
For example, in a 1-kW transmitter, the peak voltage 
across C2 is about 635 volts; for a 2000-watt amplifier 
the peak voltage is about 895 volts. 

The peak voltage across Cl has already been de¬ 
termined, but to find the current through Cl, 
rms voltage is more useful. This can be found from 
eq. 13 ; 

Er^^fPZ ( 13 ) 

where Ej .^ is the rms voltage, P is the output power, 
and Z is the plate load impedance. In the previous ex¬ 
ample of the 1000-watt transmitter with a 2800-volt 
plate supply, the rms voltage across Cl is nearly 
1870 volts. 

To calculate the current through Cl you must first 
determine the reactance of Cl (eq. 14 } and calcu¬ 
late its impedance (eq. 15 ). The current is found 
from eq. 16 : 


X 

II 

( 14 ) 

z cl = -Ti v+xi 

( 15 ) 

F 

j __ ^rrm 

Zci 

( 16 ) 
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However, since the resistance of a high-quality air- 
variable capacitor is very small, less than 1 ohm, for 
all practical purposes the impedance of the capacitor 
is equal to its reactance. Therefore, the current can 
be found from 

/= Jw (17) 

*C1 

As you can see in table 5, the current through Cl 
is much higher than you might think, with nearly 4.5 
amperes flowing through Cl in the 1000-watt trans¬ 
mitter with 2800 volts on the plate. Most air variables 
and vacuum capacitors can handle this current easi¬ 
ly, but you must be careful when selecting fixed 
capacitors to pad the variables. Transmitting-type 
capacitors with high Q and good current-carrying 
capability are required (such as the Centralab 850 
series). 

The current through C2 can also be determined 
with eq. 17. However, when calculating the rms volt¬ 
age across C2 the antenna load impedance must be 
used in eq. 13. Again, there is substantial current 
flowing through C2 — nearly 2.5 amperes in the 
1000-watt transmitter. 

For all practical purposes, the current through in¬ 
ductor LI is equal to that through Cl. It is actually a 
little higher, and the following formula is reasonably 
correct for class B: 

l cc =l.05 d,I p (18) 

where I cc is the circulating current, is loaded cir¬ 
cuit Q , and Ip is the indicated plate current. Eq. 18 is 
a close approximation that compares favorably with 
answers derived from using complex vector analysis 
of reactive components used in rf circuits at 
resonance. 

Inductor power loss 

To determine heat losses in the inductor, it is nec¬ 
essary to know the rf resistance of the inductor. 

table 6. Large value at Cl and smaller inductor cause the Q 
on ten meters to rise very rapidly, especially when running 
the transmitter at a lower power input which requires 5000 
ohms plate load impedance. 


f 


Cl 

LI 

C2 


(MHz) 

R1 

IpF) 

f^H) 

fpF) 

Q 

29.7 

2500 

26 

1.24 

148 

12.0 

29.7 

2500 

32 

1.00 

210 

15.0 

29.7 

2500 

39 

0.84 

251 

18.0 

29.7 

2500 

45 

0.72 

300 

21.0 

29.7 

2500 

51 

0.63 

348 

24.0 

29.7 

5000 

26 

1.24 

234 

24.0 

29.7 

5000 

32 

0.98 

303 

30.0 

29.7 

5000 

45 

0.70 

437 

42.0 

29.7 

5000 

51 

0.61 

503 

48.0 


table 7. Pi-network component values for a broadband 3-30 
MHz rf power amplifier matching a 50-ohm antenna load. 
This is accomplished in five bands: 3.0-5.0 MHz, 5.0-8.5 
MHz, 8.5-14.4 MHz, 13.5-22.0 MHz and 20.0-30.0 MHz. The Q 
is set for a minimum of 12 at the top of each band. The 2500- 
ohm plate load impedance corresponds to a grounded-grid 
amplifier running 2000 watts at 2800 volts, or a 1000-watt 
amplifier with 2000 volts on the plate. 


Ri 

F 

Cl 

LI 

C2 

R2 

V 

OHMS 

MHZ 

PF 

UH 

PF 

OHMS 

0UAL. 

2500 

3.0 

433 

7.3 4 

2878 

50 

20.4 

2 500 

3.5 

317 

7.3 4 

2053 

50 

1 7.4 

2 50 0 

4 .0 

242 

7.3 4 

15 17 

50 

15,? 

2500 

5.0 

153 

7.3 4 

878 

50 

12.0 

2500 

5 .0 

265 

4.32 

1764 

50 

20.8 

2500 

7.0 

13 4 

4 .3 2 

83 4 

50 

14.7 

2500 

7 .3 

123 

4 .32 

755 

50 

14.1 

2500 

8.5 

90 

4 .3 2 

516 

50 

12.0 

2500 

8.5 

155 

2.55 

1034 

50 

20.8 

2500 

1 4 .0 

56 

2 .55 

327 

50 

12.4 

2500 

14.35 

54 

2.55 

308 

50 

12.1 

2500 

14.4 

53 

2.55 

3 05 

50 

12.0 

2500 

13 .5 

94 

1 .67 

62) 

50 

1 9.9 

2500 

21 .0 

38 

1 .67 

225 

50 

12.6 

2 500 

21 .45 

37 

1 .67 

212 

50 

12.3 

2500 

22.0 

35 

1 .67 

1 99 

50 

12.0 

2 500 

20.0 

59 

1 .22 

3 83 

50 

18.4 

2 500 

28.0 

30 

1 .22 

1 76 

50 

13.0 

2500 

29.7 

26 

1 .22 

151 

50 

12.2 

2500 

3 0.0 

25 

1 .22 

1 46 

50 

12.0 


Then you can use eq. 19 to find power loss. 

(19) 

where 1 is the circulating current and r is the rf 
resistance. 

To minimize these losses, the inductor should be 
silver plated, as should all leads to the bandswitch. 
Power losses on the order of 30 to 100 watts are not 
unusual, even with low standing-wave ratios. The 
use of tubing is encouraged, particularly on the 
higher frequencies to provide better unloaded Q. 

It may come as a surprise to find that the con¬ 
ductivity of silver is only slightly superior to that of 
copper. In fact, a silver-plated coil is little more effi¬ 
cient than a new tank coil made of copper. Copper, 
however, oxidizes, and the outer rf-current-carrying 
layer becomes less effective. On the other hand, 
silver develops a form of silver sulfide on its outer 
surface which barely affects its conductivity. Over a 
period of years the silver-plated coil will retain most 
of its original conductivity. 

safety 

An rf choke should be used at the antenna output 
of any pi or pi-L network. This choke should be large 
enough to blow the overload relay (or fuse) in the 
high-voltage power supply if the dc blocking 
capacitor should short out. This is the only backup 
protection you have to keep high dc voltage off the 
pi-network components if the blocking capacitor 
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table 8. Pi-L network component values for a broadband 
3-30 MHz rf power amplifier matching a 50-ohm antenna 
load. This is accomplished in five bands: 3.0-5.0 MHz, 5.0-8.5 
MHz, 8.5-14.4 MHz, 13.5-22.0 MHz and 20.0-30.0 MHz. The Q 
is set for a minimum of 12 at the top of each band. The 2500- 
ohm plate load impedance corresponds to a grounded-grid 
amplifier running 2000 watts at 2800 volts, or a 1000-watt 
amplifier with 2000 volts on the plate. 


R 1 

F 

Cl 

L ) 

C 2 

12 

R 2 

R 3 

’ Q * 

OHMS 

MHZ 

PF 

UH 

PF 

UH 

OHMS 

OHMS 

QUAL 

2500 

3,0 

388 

9.00 

2004 

3.90 

158 

50 

18.3 

2500 

3.5 

292 

9.00 

1 409 

3.90 

197 

50 

16.0 

2500 

4.0 

228 

9,00 

I 042 

3.90 

242 

50 

14.4 

2500 

5.0 

153 

9.00 

622 

3.90 

350 

50 

12.0 

2500 

5.0 

237 

5.29 

1231 

2.29 

154 

50 

18.6 

2500 

7.0 

127 

5.29 

5 72 

2.29 

253 

40 

14.0 

2500 

7.3 

1 18 

5.29 

519 

2.29 

270 

50 

13.5 

2500 

8.5 

90 

5 .29 

366 

2.29 

350 

50 

12.0 

2500 

8.5 

139 

3,12 

724 

1 .35 

154 

50 

18.6 

2500 

14.0 

56 

3.12 

232 

l .35 

330 

50 

12.3 

2500 

14.35 

54 

3.12 

219 

1 .35 

345 

50 

12.1 

2500 

1 4.4 

52 

3.12 

216 

1 .35 

350 

50 

12.0 

2500 

13.5 

85 

2,04 

431 

0.89 

165 

50 

18.0 

2500 

21.0 

38 

2.04 

158 

0.89 

325 

50 

12.5 

2500 

2 ) .45 

36 

2.04 

150 

0.89 

535 

50 

12.3 

2500 

22.0 

35 

2.04 

14 ) 

0.89 

350 

50 

12,0 

2500 

20.0 

53 

1 .50 

263 

0.65 

183 

50 

16.7 

2500 

28,0 

29 

1 .50 

121 

0.65 

315 

50 

12.7 

2500 

29.7 

26 

1.50 

106 

0.65 

345 

50 

12 .) 

2500 

30.0 

25 

1 .50 

1 04 

0.65 

350 

50 

12.0 


A suitable inductor for the L-section of the pi-L network consists of 5 cm 
(2 inches) of Air-Dux 1606T [6 turns-per-inch (2.5cm), no. 14, 5 cm (2 
inches) diameter). It should be placed at right angles to the main pi inductor 
to avoid mutual inductance. 



number 

approximate 

frequency 

turns 

inductance 

3.0-5.0 MHz 

10.00 

3.90/xH 

5.0-8.5 MHz 

6.75 

2.25 fiH 

8.5-14.4 MHz 

4.75 

1.33 

12.5-22.0 MHz 

3.50 

0.83 pH 

20.0'30.0 MHz 

3.00 

0.65 pH 


shorts out. This rf choke also keeps any dc compo¬ 
nent off the antenna. 

RTTY and ssb 

Many amateurs are interested in RTTY as well as 
CW and ssb. Since RTTY is essentially 100 per cent 
key-down, it's quite hard on the various components 
in the transmitter. On ssb, the typical duty factor is 
30 to 50 per cent, depending on how much ALC and 
other compression you use. Typically, however, the 
average circulating current in the network is perhaps 
one-third of that for key-down operation. 

Table 5 shows that 2000-watts key-down gives 
comparable circulating currents to that of the same 
transmitter run at 1000-watts key-down with the 
same plate voltage and same inductor. This is due to 
the higher Q that is being used. Because of the lower 
duty cycle of ssb, running a 2000-watt transmitter 
key-down at 1000 watts for RTTY is three times as 
hard on the transmitter as running 2000-watts PEP! 
This is rather startling, and indicates why some rf 
power amplifiers should not be used on RTTY, 


although they are perfectly suitable for ssb at higher 
input power levels. 

Conversely, it follows that if a manufacturer guar¬ 
antees his unit to run indefinitely at 1000-watts key- 
down RTTY, that same transmitter should last 
forever at 2000-watts PEP ssb. Some manufacturers 
hedge if this specific question is posed to them. 

Using a 2000-watt rf power amplifier at the 1000- 
watt level for RTTY or CW poses certain inherent 
problems regarding heat and efficiency. High plate 
supply voltages raise the plate load impedance to the 
point where it may be difficult to get the minimum 
capacitance required for resonance on 10 and 15 
meters. 

When building a high-power final amplifier, con¬ 
sideration must be given to selecting components 
which will handle the voltage and currents encoun¬ 
tered in the circuit. The formulas given in this article 
should make it relatively easy for the builder to pre¬ 
dict what these voltages and circulating currents will 
be before he actually builds the amplifier. 

Computer-derived tables provide much data for 
the builder, and clarify many design points only 
hinted at in previous articles. I hope that the informa¬ 
tion presented here will be of benefit to anyone who 
builds or buys a final rf power amplifier. 
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programming for 

automated satellite communication 


Following the lead of Ball 
in February ham radio, 
author Milazzo has also 
derived the equations 
for tracking Oscar — 
emphasis in this case 
has been placed on 
developing a program 
suitable for use with the 
Texas Instruments 
calculators which use 
algebraic notation 


Of primary importance in satellite communication 
is the required antenna orientation and the time dur¬ 
ing which the satellite is available from the ground 
station. Such information increases the dependabili¬ 
ty and efficiency of satellite use. Presently, the 
means of obtaining this data is widely available due 
to the increased popularity of low-cost program¬ 
mable calculators and minicomputers. 

Previous articles have dealt with the prediction of 
equatorial crossings. 1 ^ These offer few advantages 


fig. 1. Basic figure used for the 
derivation of the main equations 
to track the satellite; the law of 
cosines for spherical trigonometry 
applies to this figure. 


c 



since such information is published monthly and 
interpolation of this data is easily accomplished. 
Other articles do offer more useful information but 
require the use of slide-rule type devices which are 
imprecise and incapable of being interfaced with sta¬ 
tion equipment. 3 ^ 4 

This article presents a series of equations for deter- 
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mining the exact position of any earth satellite that 
approximates a circular orbit, at any given time. The 
calculations are useful for manually or automatically 
tracking a satellite, for preparing tables for future 
reference, or for alerting the operator when a satellite 
is approaching. This algorithm has been used to pre¬ 
pare programs for the Texas Instruments SR-52 cal¬ 
culator, but can be programmed for other calculators 
and computers as well. 

theory 

The theoretical model considers the earth as a sta¬ 
tionary sphere with the satellite travelling in a circular 
orbit moving from east to west. Thus, the coordi¬ 
nates of the ground station remain constant while 
those of the satellite vary as a function of time. Solv¬ 
ing this problem involves the application of spherical 
trigonometry which implies that the computer must 
be supplied subroutines for trigonometric functions. 
Algebraic methods for evaluating these functions are 
found in various references. 5 6 

The main equations are derived from the law of 
cosines of spherical trigonometry (see fig. 1). 

cos a = cos b cos c + sin b sin c cos A 

To calculate the latitude and longitude of the 
satellite, the angle labelled A is placed at the equator 
crossing point of a reference orbit, angle B is at the 
satellite's position at time T, and angle C is at the 
North Pole. Thus, A is equal to 360° minus the orbit¬ 
al azimuth during equator crossing (A = 360°- a eqx ), 
and C is equal to longitudinal displacement of the 
satellite from the reference crossing (C = A*-X^*). 
Side a is the complement of the satellite's lati¬ 
tude (a = 90°- \p s ), side b is a function of the orbital 
period p s and of the time elapsed from the refer¬ 
ence crossing [ b = 360°(T- T eqx )/P s \, and side c 
is 90°. 

Substituting known values into the equation for 
the law of cosines results in: 

co5 (90° — \j/ s ) = cos[360°(T — T eqx )/P s )cos 90 ° + 
sm[360°(T- T eqx )/P s ]sin 90° 
cos (360° — a eqx ) 


fig. 2. Calculation of the anten¬ 
na elevation is based on this 
plane geometric figure. H s is 
the orbital radius, referenced 
to the center of the earth. 
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which simplifies and rearranges to give the satellite 
latitude 


\1/ S = arcsin {sin[360°(T- T eqx )/P s ] cos a eqx } 

The result is used again in the same equation to 
calculate angle C 

cos[360°(T~ T eqx )/P s ] = cos (90° ~ $ s ) cos 90° + 

sin (90° — yps) sin 90° cos C 


which rearranges to give 

C = arccos{cos[360°(T- T eqx )/P s ]cosyp s } 


The true longitude of the satellite is calculated by 
adding the longitude of the equator crossing 
reference point (\ qx ), changing the sign of C when 
the satellite is in the Southern Hemisphere, adding 
the displacement due to the earth's rotation 
(0.25°/min), and compensating fora constant orbital 
drift factor (D) if necessary. 


\=<\h\^s)arccos 


cosl360°(T— T eqx )/P s J 

COSTp s 


+ K qx + (T~T eqx )(0.25 + D) 

Again referring to fig. 1, angle A is now placed at 
the location of the ground station and is equal to 
360° minus the correct antenna azimuth 
(A = 360°- a gs ). Angle C is the difference between 
the longitudes of the satellite and the ground station 
(C = \-'b g ). If C is greater than zero, then the true 
azimuth is 360° minus Og S . Side b is the complement 
of the ground station's latitude (b = 90°- \l/ g ), and 
side c is the distance from the ground station to the 
satellite in great circle degrees (c = 0). Side c is calcu¬ 
lated using the law of cosines. 

cos 6 = cos (90° ~ \pj cos (90° - lpg) + 

sin (90° ~~ \pjsin (90° — ipg) cos (Aj~ AgJ 

which simplifies to give the degrees distance 


6 = arccos[sin \p s sin\p g + cosyp s cos^ g cos (A* - 

This value is used to calculate the azimuth 

cos (90° - = cos (90° - yp g ) cosd + 

sin (90° ~ \p g ) sin 0 cos ot gs 

which rearranges to give 

oi gs = arccos [(sin \[/ s — sin \p g cos 8)/cos \p g sin 0 ] 
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The antenna elevation is calculated using a plane 
geometric model as shown in fig. 2. R e is the earth's 
radius (6371.315km) and R s is the orbital radius. 
According to Newton's law of gravitation, the radius 
of a circular orbit is a function of the orbital period. 
For any satellite in such an orbit, the centrifugal force 
(F=mv 2 /R s ) is equal to the gravitational force 
(F= GM e m/R 2 ). The velocity of the satellite is equal 
to the orbital circumference divided by the orbital 


fig. 3. By drawing a perpendic¬ 
ular line from the ground sta¬ 
tion to the orbital radius line, all 
angles and distances can be 
analyzed using basic trigono¬ 
metric functions. As shown in 
the text, the actual antenna 
elevation angle is derived by 
this method. 



period in seconds (v~2tiR s / 60P s ), when P s is in 
minutes. GM e is the earth's gravitational constant 
(398603km 3 /s 2 ). Thus, we can calculate the orbital 
radius by equating the centrifugal and gravitational 
forces 


m(2irR s /60P s )2/R s = GM e m/R 2 


or 


R s = \l GM e (30P s /ir) 2 

Fig 3 shows the trigonometric relationships which 
result when a perpendicular is drawn from the 
ground station to the R s line. Solving for the angle 
whose apex is at the satellite's position yields 


Direct line-of-sight distance can also be determined 
by the law of cosines (fig. 4). 


D = v R? + Re 2 ~ 2R s R e cosd 

The constants for the Oscar 6 and 7 satellites are as 
follows: 


Oscar 8 351.0100° 

Oscar 7 348.2990° 

the SR-52 program 

Due to the complexity of the calculations required, 
the program is divided into two modules.* The first 
module enters the appropriate reference and con¬ 
stant information into the data memory, while the se¬ 
cond module computes the satellite's position and di¬ 
rection in terms of azimuth and elevation from a spe¬ 
cified ground location. In the second module, the 
desired time is entered from which the calculator dis¬ 
plays the elevation angle, indicating if the satellite is 
within range. The azimuth and arc distance can then 
be called from the calculator. To facilitate the tabula¬ 
tion otthe results, one key has been programmed to 
advance or reverse the position of the satellite by a 
desired number of minutes. The following example 
demonstrates the use of the program. 

The antenna aiming data for the first Oscar 7 pass 
of August 1, 1977 is desired. The first program card is 
read into the calculator, and the R/D switch is placed 
in the degrees mode. A reference orbit from January 
1, 1977 is available. The satellite is found to cross the 
equator at 77.0° west longitude at 0148:49 on 
January 1. The station coordinates are 18°25' north 
latitude and 65°58' west longitude. Therefore, the 
following key sequence is executed: 


P 5 D 

103.23162 min 0 

114.94483 min 0 


90° - 0 - <j>= arctan [R e sin 0/(R s - R e cosd)] 

which rearranges to give the antenna elevation 


<t>= arctan [(R s ~ R e cosd)/R e sinO] — 6 


enter 

press 

display 


7 

A 

7 

(satellite #) 

1 

B' 

2400 

(enter date) 

148.49 

B 

1548.82 


77.0 

C 

77. 


18.25 

D 

18.42 


65.58 

E 

65.97 



If the satellite is below the horizon, the antenna ele¬ 
vation will be a negative number. This is useful as a 
conditional test to determine if the satellite is within 
range. 

Ground distance is directly proportional to the arc 
distance and can be found by D = k0 , where k is 
111.14 for kilometers, or 69,06 for statute miles. 


The second card is now read into the calculator. 
Since the exact time of acquisition is not known, a 
rough estimate can be made based on the fact that 
the satellite travels at about 3 degrees per minute and 

*A copy of the program is available by sending a self-addressed, stamped 
envelope to ham radio, Greenville, New Hampshire 03048. 
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it must be within 36 degrees of the station to be 
heard. First, determine if the satellite is within range 
at 0000 GMT on August 1 (213th day of 1977). 


enter 

213 

0 


press display 

A' 511200 (enter date) 

A “9.23 (enter time/ 

disp. elev.) 

C 45.8 (disp. distance) 


The user instructions for the program are straight¬ 
forward, but the following hints are useful. A date 
need not be entered if the reference and unknown or¬ 
bits occur within the same day. When entering a 
date, it must always be entered before the time. The 
dates of the reference and unknown orbits must be 
either within the same month, or else each day of the 
year must be assigned a consecutive number. The 


The negative value for elevation showed that the 
satellite is below the horizon at 0000 GMT, while 
pressing C showed that it is about 10 degrees beyond 
the 36 degree range limit. If the satellite is ap¬ 
proaching, it will take about four minutes to come 
within range. Advancing the satellite four minutes 
produces: 


enter press 

display 


4 E 

2.25 

(elevation) 

B 

147.8 

(a 2 imuth) 

C 

33.4 

(distance) 


The satellite can be advanced at one minute intervals 
to produce a listing for this pass. 


time 

elevation 

azimuth 

distance 

0004 

2.2 

147.8 

33.4 

0005 

5.7 

146.2 

30.3 

0006 

9.4 

144.3 

27.2 

0007 

13.5 

142.0 

24.2 

0008 

18.1 

139.0 

21.2 

0009 

23.4 

135.1 

18.3 

0010 

29.3 

129.8 

15.5 

0011 

35.9 

122.4 

12.9 

0012 

42.7 

111.5 

10.6 

0013 

48.7 

95.5 

8.8 

0014 

51.6 

74.3 

8.0 

0015 

50.1 

52.1 

8.5 

0016 

44.8 

34.3 

9.9 

0017 

38.1 

22.0 

12.1 

0018 

31.3 

13.6 

14.6 

0019 

25.2 

7.8 

17.4 

0020 

19.7 

3.7 

20.3 

0021 

14.9 

0.6 

23.3 

0022 

10.6 

358.1 

26.3 

0023 

6.7 

356.2 

29.4 

0024 

3.2 

354.7 

32.4 

0025 

0.0 

353.5 

35.6 


Results from this program have been compared 
with published equatorial crossing data, with the pre¬ 
dicted coordinates accurate to within one tenth of 
one degree for both Oscar 6 and Oscar 7. This, for 
one year from a single reference orbit. 


fig. 4. The direct line- 
of-sight distance to 
the satellite is cal¬ 
culated using the law 
of cosines and this 
figure. 
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" + Time" key may be used to reverse the satellite's 
position by merely entering the negative value of the 
desired number of minutes. Finally, if you desire to 
enter a new time without using the "+ Time" key, it 
is necessary to re-enter the date (if used) before 
entering the new time. I can supply the program on 
magnetic cards with any station coordinates and 
reference orbit recorded for the cost of $5. This in¬ 
cludes program documentation. 

conclusion 

By using the preceding equations, any person can 
build his own computerized satellite tracking station 
by interfacing a digital clock and station controls to a 
microcomputer. Even without a computer, this pro¬ 
gram offers valuable, accurate information for any 
satellite operator. 
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I protecting solid-state devices 

from 

voltage transients 


There has been a great deal of discussion lately 
about solid-state equipment failing “for no apparent 
reason." If you have experienced such an occurrence 
and you can't explain it, chances are your solid-state 
gear has been zapped by a voltage transient. These 
are the little “gremlins" that can appear at any time, 
unannounced, and proceed to do their dirty work on 
your favorite electronic device (even when it is 
turned off). 

While this problem may appear at first to be a 
recent phenomenon, it may surprise many of you to 
learn that voltage transients have been around for a 
long, long time. Why, then, have we begun to exper¬ 
ience solid-state equipment failures (traceable to 
transients) only in the last few years? 

The key to answering this question begins with an 
examination of the way equipment is built today as 
compared to 10 or 15 years ago. The one major and 
obvious difference is the use of solid-state devices in 
place of vacuum tubes. While transients have been 
around for a long time, they never bothered vacuum 
tubes, which can withstand momentary abuses with¬ 
out damage. Consequently, we have never paid 
much attention to the elusive voltage transient. To 
summarize our present situation, we know that: 

1. High energy voltage transients can destroy 

solid-state devices. 

2. We must design circuits more conservatively or 

add protective devices to suppress the transients. 

3. We must try to eliminate some of the man¬ 
made causes of voltage transients. 

In this article, I hope to provide you with some 
information on what voltage transients are, what 
causes them, why protection is necessary, and how 
to detect and suppress transients. 

what are voltage transients? 

To begin with, voltage transients are generally 
considered to be abnormally high voltages, occurring 
in a place where they don't belong, for an extremely 


short period of time (usually in the nanosecond 
range). These transients can be generated by a 
device within the electronic gear (relays or SCRs) or 
they may come from a number of external sources 
such as lightning or power line switching. 

For example, if an electric current is made to in¬ 
crease or decrease rapidly in an inductive circuit, an 
extremely high voltage will be generated (directly 
proportional to the amount of inductance and the 
rate at which the current is attempting to change). 
While this all happens very fast, there is a possibility 
that enough energy will be generated to exceed the 
breakdown characteristics of the solid-state compo¬ 
nents in the conduit. 

Another problem area exists with transients caused 
by outside sources that find their way into solid-state 
equipment through power connections, antenna 
lead-ins, and other signal inputs to the equipment. 
This type of transient is much harder to control than 
the internal transient, and yet can produce just as 
much damage. 

sources of voltage transients 

As discussed earlier, transients may be generated 
under all types of conditions, and may occur on an ac 
line as well as dc bus. An example of the generation 
of an internal transient is one that occurs in the wind¬ 
ings of the transformer in a power supply. If the line 
switch on the primary side of the transformer is 
opened at the exact instant that the transformer core 
is beginning a downward swing of magnetization 
current (fig. 1A), a voltage spike is developed on the 
secondary winding of the transformer. The same 
thing can happen when the power supply is first 
turned on (fig. IB). In this example, we are causing a 
rapid increase of current in an inductive circuit (the 
transformer winding) and the result is a momentary 
spike on the secondary circuit. 

While the previous two examples involve ac cir¬ 
cuits, the same phenomenon can occur with the 
interruption of dc circuits that supply inductive loads. 
A diode connected across the coil of a dc relay is a 
good example (fig. 1C). When power is interrupted, 
this circuit is designed to conduct and thereby clip 
any high-voltage transients that may be developed. 

By W. J. Prudhomme, WB5DEP, 6419 Rosalie 
Court, Metairie, Louisiana 70003 
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fig. 1. Examples of the way in which voltage transients are formed. In A, 
the transient is created by opening the switch at the peak of the magnitizing 
current, while in B it's formed by closing the primary switch at the peak of 
the primary voltage. Switching the inductive load, as shown in C, will also 
generate a transient on the V cc line. 
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As far as outside sources of voltage transients, one 
of the most common is lightning striking a power line 
during a storm. Even when the strike is several kilo¬ 
meters away, it can readily travel through the utility's 
power lines and play havoc with solid-state equip¬ 
ment. Also, lightning in the area can generate 
voltage spikes on your antenna that easily find their 
way into the sensitive rf stages of receivers and 
transceivers. Here again, the actual lightning may be 
kilometers away and still generate enough transient 
energy to damage unprotected equipment. 

When I wasyoungeranddidn't know better, I used 
to connect an NE-2 neon lamp across the lead-in of 
an unused antenna to detect these occurences. Even 
when an electrical storm was far away (and although 
the NE-2 requires about 90 volts to ignite), it would 





Transients are capable of destroying solid-state compo¬ 
nents such as IC's, rectifiers, and transistors (even power 
transistors usually assumed to be protected by heatsinks!. 
To protect these sensitive components from voltage tran¬ 
sients, it's necessary to use some type of energy absorbing 
device such as the metal oxide varistors shown in the 
photo. These are the four round shaped components on the 
right that look like disc capacitors. Commercial solid-state 
equipment such as the well designed power supply in the 
background may be protected by installing a varistor on the 
line side of the power transformer. See text. 


flash with almost every lightning strike. Naturally, for 
safety reasons, I don't recommend that anyone try 
this experiment. However, it should give you some 
idea of the amount of energy an antenna system can 
absorb and what can happen if you don't protect 
sensitive rf circuits. 

Other forms of ac voltage transients may come 
from arcing contactors, incandescent lighting dim¬ 
mers, electric drills, appliance motors with brushes, 
power-line switching, and many more. Also, air con¬ 
ditioning motor-starting contactors can produce 
damaging transients, as well as relays in the control 
circuits. 

why is protection required? 

To further illustrate the fact that sensitive solid- 
state equipment should be properly protected, refer 
to a study conducted by the General Electric Com¬ 
pany in 1969. 1 In this study, which took two years to 
complete, surge voltages in both residential and 
industrial circuits were measured at 400 different 
locations in twenty cities. 

Surprisingly, higher surge levels were recorded in 
the residential circuits than in the industrial areas. In 
addition, the results showed a peak as high as 2500 
volts generated by a motor contactor within a resi¬ 
dence, and nearby lightning generated a 5600-volt 
peak on a 120-volt residential service. There were 
also a significant number of surges in excess of 2000 
volts occurring in homes on a repetitive basis. 

The GE study proved conclusively that residential 
lighting circuits are subjected to severe transients, as 
well as any electronic equipment connected to those 
circuits. As a result, the solid-state equipment in your 
home is subject to damage from voltage spikes if not 
properly protected. 

suppression of transients 

There are several ways to suppress voltage tran¬ 
sients, and depending on the circuit application, 
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some devices are better than others. Some of the 
devices available for you to choose from include 
metal-oxide varistors, power zeners, and short- 
circuiting devices such as spark gaps and electronic 
crowbar circuits. 

Metal-Oxide Varistors. These dynamic resistance 
devices feature both low cost and small size, and are 
capable of dissipating a considerable amount of 
energy for a short period of time. One source for 
metal-oxide varistors is the General Electric Com¬ 
pany; their registered trade name for these devices is 
GE-MOV. These varistors are available from most 
electronics supply houses. 

If you are going to use these devices, I would 
recommend that you obtain a copy of GE's “Tran¬ 
sient Voltage Suppression Manual," ($2.50 from GE, 
Semiconductor Products Department, Electronics 
Park, Syracuse, New York 13201). This manual is a 
complete guide to the proper application of varistors. 

Since varistors are bi-lateral devices, they may be 
used in both ac and dc applications. In low-voltage 
dc applications, however, they may not provide ade¬ 
quate protection due to their soft clamping charac¬ 
teristics. They are generally more suitable for ac line 
voltages, and consequently are excellent in sup¬ 
pressing transients on the line side of equipment 
power supplies. An example is shown in fig. 2. 

Power Zener. While varistors may exhibit soft char¬ 
acteristics at low dc voltages, power zeners can 
clamp very hard and fast at those voltages. Also, 
high transient currents do little to raise the clipping 




fig. 2. Application of commercial varistors will help elimi¬ 
nate line transients. The L series of GE-MOV varistors can 
handle up to 2750 amps (transient) and peak voltages from 
95 to 1000 volts RMS (A). The MA series varistors are used 
primarily in low power applications, either ac or dc. In B, 
they're used to prevent contact arcing and line noise. To 
prevent transients while switching inductive loads, the ZA 
series of varistors are connected across the switching tran¬ 
sistor as shown in C. 
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fig. 3. Instead of using commercial varistors, zener diodes 
can also be used to provide protection against voltage tran¬ 
sients. The two examples show ways in which zeners can 
protect both ac and dc circuits. For the dc circuit, the zener 
is rated at a voltage greater than the dc bus, but less than 
the maximum voltage of the circuit to be protected. In an 
ac application, they should be rated at slightly greater than 
the peak ac value. 


level of most zeners, provided ratings are not exceed¬ 
ed. The most effective way to apply zeners is with 
some amount of series resistance to safely limit the 
current. Two schemes for protecting both ac and dc 
circuits are shown in fig. 3. 

Short Circuit Methods. At first, this approach may 
seem contrary to normal applications. After all, a 
short circuit in most cases is a very undesirable situa¬ 
tion. However, if it is properly controlled and occurs 
for very short periods of time (microseconds), the 
end result can be very beneficial in suppressing tran¬ 
sients. 

The two most commonly used devices in this cate¬ 
gory are spark gaps (both open and sealed units) and 
electronic crowbar circuits. The first is often used by 
amateurs for antenna applications, while the second 
is usually too complex for most hobby applications. 
The spark gap is adjusted to arc at a voltage above a 
certain level, effectively grounding the transient 
energy. Which method or combination of methods 
you choose, will depend on the application and what 
you are attempting to protect. 

The best approach is to buy transient suppressors 
only in component form and apply them yourself 
using the guidelines in this article. Only then can you 
be assured of applying these useful devices for their 
intended purpose — protecting solid-state devices 
from voltage transients. 

reference 

1. IEEE Transactions on Power Apparatus and Systems, Vol. PAS-89, 1970. 
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solid state 

synthesized hf system 


In 1963 Drake led the way by producing 
the first commercially available transceiver 
that employed the now widely copied 
9 MHz i-f frequency. Even today , 

15 years later , many major competitive 
transceivers are still being introduced 
using i-f‘s in this range. 


In 1978 Drake leads the way again by developing 
the first commercially available amateur transceiver 
that uses a 48 MHz i-f , through the technique 
of “ Up-Conversion ” This system greatly improves 
image and general coverage performance, and 
will be copied in the years to come. With Drake , 
you can join the new state of the art today! 


The design philosophy behind the 
new Drake M 7 system M has created a 
most sophisticated system concept, 
extending from engineering to the 
visual appearance of the system and 
each of its parts. 

The TR-7 System is the result of one 
of the most extensive engineering 
and development programs in the 
history of the R. L. Drake Company, 
and provides the user with many 
innovative design features. 


Broadband, Solid State Design— 

100% solid state throughout All circuits 
are broadbanded so there is no need for 
preselection tuning or transmitter 
adjustments of any kind. 

Synthesized/PTO Frequency 
Control—A Drake exclusive; Special 
high performance synthesizer, combined 
with the famous Drake PTO, provides 
smooth, linear tuning with 1 kHz dial and 
100 Hz digital readout 500 kH 2 up/down 
range switching is pushbutton controlled. 


Embassy, Government, and future band 
expansions in the range 1.5 thru 30 
MHz." The Aux-7 Board provides 0 thru 
1.5 MHz receive coverage and crystal- 
controlled fixed channel operation for 
Government, Amateur, or semi-commer¬ 
cial applications anywhere in the hf range. 
The TR-7 w/o DR-7 and Aux-7 provides 
coverage of the Amateur Bands 160 thru 
15 meters and the 28.5-29.0 MHz range 
of 10 meters. The Aux-7 Range Program 
Board is also useable in the standard 
TR-7 for extra range coverage as noted. 


With the excellent design of its front 
panel and controls, the system is 
simple and straightforward to 
operate-makes state of the art 
performance a pleasure. 



’Mole Oul-ol-hnnd transmitter coverage lor MARS Gov¬ 
ernment etc is available only m ranger, authorized by the 
FCC. Military, or other government agency lor a specific 
service Ptool of license lor that service most be sub mi I led 
to the R L Drake Company, including the 500 kHz range to 
bo covered Upon approval, and at the discretion of the R l 
Drake Company, h special range fC will be supplied for use 
wdh the Aux-7 Range Program Board Prices quoted ham 
the factory See Operator s manual tor details 



Continuous, Wide Range Frequency 
Coverage—The TR-7/DR-7 provides 
reception from 1.5 thru 30 MHz—con¬ 
tinuously. and zero thru 30 MHz con¬ 
tinuously with the optional Aux-7 Range 
Program Board. The highly advanced 
Drake Synthesizer makes this possible, 
and is an industry first. The TR-7/DR-7 
provides transmit coverage for all 
Amateur Bands 160 thru 10 meters. With 
the optional Aux-7 Range Program 
Board, diode-programmable out-of-band 
transmit coverage is available for MARS. 



State of the Art Receiver Design— 

The Drake TR-7 introduces another 
industry first for amateur transceivers: 
“Up-Conversion,** in combination with a 
special uhf high level double balanced 
mixer for superior strong signal han¬ 
dling, spurious and image response 
performance. The first i-f of 48.05 MHz 
places images well outside the receiver 
passband, and provides for true general 
coverage operation without i-f gaps. 

True Passband Tuning—The TR-7 
employs the famous Drake Full 
Passband Tuning instead of the limited 
range “i-f shift" 
found in some 
other units. The 
Drake System 
tunes from the 
top edge of one 
sideband, through 
center, to the 
bottom edge of 
the other side¬ 
band. In fact, the 
range is even wider 
to accommodate RTTY Full passband 
tuning greatly improves receiving perfor¬ 
mance in heavy QRM. 

(Tft-7 features continued on next page) 














instantaneous- 

shutdown 

high-current 

regulated power supply 


Protect both the 
new circuit 
and power supply 
by using 
this high-current 
instantaneously shutdown 
power supply 


Anybody who builds a semiconductor circuit is 
faced with a potentially disastrous problem — what 
will happen when power is applied to the circuit? A 
short circuit could be catastrophic, for both the 
power supply and the newly-built circuit. 

A high-current regulated power supply will con¬ 
tinue to supply power, even with a short circuit, until 
one of the following events takes place. 

1. The short circuit clears itself. 

2. A semiconductor failure occurs (either the sili¬ 
con or metal leads melts). 

3. The power supply is damaged. 

By Alan Nusbaum, W6GB, Dalmo Victor Oper¬ 
ations, Bell Aerospace Textron, Division of 
Textron, Inc., 1515 Industrial Way, Belmont, 
California 94002 
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4. A fuse is blown, but usually too late to protect 
the circuit. 

5. The power supply contains an extremely fast 
over-current sensing circuit that will cut off the 
current in less than 200 nanoseconds. 

This article will describe just such an over-current 
shut-down circuit. 

Over the past few years, there have been some 
new and novel voltage-regulator devices which will 
tolerate shorts or over-current loads by application of 
current fold-back circuits or thermal shutdown. 
Other versions which use a crow-bar device rely on 
blowing a fuse in the power supply primary. This 
method, however, is rather brutal treatment, and is 
often fatal to the pass transistor. I feel that a "grace¬ 
ful" but high-speed shutdown circuit is necessary to 
protect both the newly developed circuit and the 
power supply. Essentially, it must shutdown and not 


As seen in fig. 1, a PNP pass transistor is driven by 
a complimentary NPN monolithic Darlington. The 
Darlington in turn is current driven by a medium-gain 
transistor which acts as a voltage error detector. 
This form of regulator has proven to be very sensitive 
and reliable in that it will hold to within 30 mV from 
no load to a 15 ampere load, with less than 10 mV 
ripple at full load. 

The shutdown portion of the circuit uses an SCR 
to rob the base current from the Darlington pair. 
When the SCR is triggered from the voltage com¬ 
parator, the point between the 470-ohm resistor and 
CR2 is effectively grounded, reducing the output 
voltage to zero. U1, a /iA311 voltage comparator, is 
used to sense the voltage drop caused by over¬ 
current across the two 0,1-ohm resistors. The nonin¬ 
verting input of the comparator is fed from a sepa¬ 
rately regulated source (U2). The inverting input is 
the actual output voltage, after it has been appro- 



fig. 1. Schematic diagram of the high-current power supply. The separate 5-volt regulator is used to bias one input of the voltage 
comparator. The SCR is fired when the second leg of the voltage comparator detects a drop across the 0.1 ohm resistors. SI is 
a normally-closed momentary type switch. Q1 must have an adequate heatsink (see text). 


be allowed to restart after some pre-determined cur¬ 
rent level has been exceeded. 

This power supply contains a high-gain error volt¬ 
age control circuit and a voltage comparator that 
functions as a high-speed switch. 


priately divided. When an under-voltage condition is 
created by over current, the output of the compara¬ 
tor will go high, turning on the SCR. To restart the 
regulator, it is necessary to momentarily disconnect 
the anode of the SCR, after clearing the over current 
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condition. The green and red LEDs are used to in¬ 
dicate the status of the regulator, with red indicating 
that the SCR has been fired. 

construction 

The actual construction of the power supply is 
straightforward. However, the pass transistor must 
have an adequate heatsink. The power dissipated is 

W ( a$$ — (V tti ~ V ou t) + VcEsat x ^CE' 

To setup and adjust the supply, all components 
are connected with the exception of the SCR, Q6. A 
100-ohm, 100-watt adjustable resistor can be used as 
a load. With the load resistor set for maximum re¬ 
sistance, the power supply is energized and R1 is ad¬ 
justed for the desired output voltage {13.6 volts). An 
oscilloscope can also be connected to determine if 
there are any oscillations on the output waveform. If 
so, a 27-pF capacitor connected from collector to 
emitter of Q3 should eliminate the problem. 

With a high-impedance voltmeter connected to 
the wiper arm, R2 should be adjusted to provide 2 
volts to the comparator. This is the reference set 
point and should not be disturbed once set. After 
moving the voltmeter to the wiper of R3, this poten¬ 
tiometer should be set for a reading of 2.5 volts. With 
the meter still connected to R3, change the tap on 
the load resistor to the 50-ohm point. The 2.5 volt 
reading should not change. 

The final step consists of checking the action of 
Q6. With the power supply switched off, connect the 
SCR. Also disconnect the load resistor and set the 
slider for a resistance of 1 ohm, but do not recon¬ 
nect the resistor at this time. After re-energizing the 
supply, the red LED should be on; pressing the arm¬ 
ing switch will turn on the green LED while ex¬ 
tinguishing the red. If the LEDs do not function as 
indicated, remove the SCR and check the voltage on 
R3 to ensure that it's no lower than 2.5 volts. Also, 
check the voltage on the output of the comparator; it 
should be less than 100 millivolts. With the SCR in¬ 
stalled and the circuit armed, the gate of Q6 should 
also measure less than 100 millivolts. 

To test the circuit, momentarily connect the 1- 
ohm load resistor the to supply output. The shut¬ 
down circuit should operate instantaneously, and the 
red LED should come on. You should test this action 
several times to verify consistent shutdown. 

At one ohm, the load current is 13.6 amps, but you 
can adjust R3 to actuate the shutdown at any current 
you desire. However, the voltage from R3 must not 
be lower than R2's voltage or the circuit will lock up 
in the fired mode. This system has been in use for 
over a year and has operated flawlessly during the 
entire time, even when powering tube-type mobile 
transmitters. 
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RF Power Meter — General Microwave 
Model 451, electrically identical to HP430C 

$34.95 

Bolometer with purchase of Power Meter 
only $45.00 


Audio Compressor AN/GSA-33 * IS * ’ 

Five identical plug-in compres- \3 

sor amps with power supply in j’ 

19 inch rack. All solid state, H 

600'J in & out, great for auto pKSgiwTrJl'lTilFTiT! l l iTirtliffifti* 
patch and phone palch. Weighs ; 

less than 30 lbs. Built like a battleship. $34.95 

POWER SUPPLIES 

28 Volt, 18 Amp Regulated Power Supplies (110V in) $75.00 
12 Volt, 18 Amp Regulated Power Supplies (110V in) $85.00 
Dual 300V D.C. 1 amp fully metered $85.00 

RECEIVERS 

Collins 651F-1, 2 to 30 MHz in 100 cycle steps, digital tuning, 
USB/LSB/ISB. Stability: 1 part in 10 8 . Completely remote 
controlled, with all racks, connectors, control head. $1400.00 
R-388/51J — Collins 0.54 to 31 MHz $375.00 

R-390A — 0.54 to 31 MHz. overhauled complete $595.00 
Astrocom SR201, 30-300 MHz. all solid state $450.00 

RACAL Model 6217A, 980 kHz. 32 MHz. All Solid State, takes 
about 3 inches of rack space, digital tuning $1600.00 

LTV G1H Panoramic Recvr includes CRT display, 100-150 MHz 
with converters. Will make a fine spectrum analyzer. $150,00 

* TMR*S with front end plug-ins to cover 
*5 ■TTT^il 105-140 MHz and 200-260 MHz, $250.00 
| * i'T'.P. || We have complete documentation for all 

1 1; *.*i **.! j:# MEfi ! TMR-5 series including plug-ins. 

CEI type 415, 60-250 MHz, all solid state, modular constr., xtal 
controlled. 4 channels. Incredible value. $85.00 

635V-1 Collins Preselector band pass Filters — They're back! 

2 to 3 MHz, 1 kHz steps, with copy of manual and rack and 
connector. $275.00 

SX-115 Immaculate with speaker and manual. $450.00 

ANWRR2, 2-30 MHz, synthesized or continuous tuning, com¬ 
pletely bench checked. $600.00 

TEST EQUIPMENT 

Bird 6835 Termination Wattmeter complete RF Assy. — NEW! 
1.2 KW, 600 watts, 120 watts full scale. You add oil and 

meter, $95.00 

SPECIAL: Micromatch in-line wattmeters, complete guts, less 
meters, good to 500 MHz. You add 50^A meter. Removed from 
equipment. $24.95 

HP400DR Audio VTVM — NEW $125.00 

Solartron DA410 Transfer Function Analyzer with manual. 

$475.00 

Weinschel 693-1 Power Attenuators, 30 watt avg., 10KW peak. 

$65.00 

HP764D Dual directional coupler, 200-500 MHz. $100.00 

FXR. 20 dB directional coupler. 200-400 MHz. $75.00 

HP340B Noise Figure Meter with HP343A Noise Source 

$275.00 

HP608D, 10-420 MHz. $425.00 

Crystal Detectors, HP-423A or equivalent. $25.00 

TRANSMITTERS 

Collins KWT6-6/URC32 — 2-30 MHz, 1 kHz steps, complete 
xcvr, 500 watt PEP output, 500 watt CW output, AM capability. 
Complete and running. $1850.00 



T/T to Pulse Converter 
quires 12*24 VDC : 


Standard T/T pad mounted in 
a sturdy steel case incl. 2 vol¬ 
ume pots & 1 push button 

labeled “Stereo* 1 ♦ Also has 2 
phone jacks for headphones, 
microphone, etc, Will make a 
fine control head. $24.95 


Note: We have a crossbar switch and driver electronics which 
when used with the above board, will make a complete remote 
control system. Will dicker or swap. 

Wanted: Documentation for AN/WRR-2, plug-ins and IF Amp¬ 
lifiers for TMR-5. 

DISC-CAP, 1434 REYNOLDS ST. ■■ 

AUGUSTA, GA. 30902 404-722-1121 

Ga, Residents • add State Sales Tax. Unfortunately, Disc-Cap 
can only service U. S. customers. 
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command function 

debugging circuit 


This device takes 
command information 
from standard 
PLL function decoders 
and applies 
a short time delay 
to provide debugged 
control commands 

Our club had just finished installing an autopatch, 
exhausting all available funds, when the need for a 
better command decoder became evident. Each of 
the users had noted voice falsing of the decoder, and 
it was enough of an annoyance to be serious. More 
than once a telephone conversation had been termi¬ 
nated by a voice peak. 

The investigation of causes and cures ran the 
gamut, until we finally decided that a fraction of a 
second delay on the command-function decoders 
would probably solve the problem. A number of 


designs were passed around and considered, and a 
few almost built, but the one described here was 
finally implemented — for three reasons: one, it 
works; two, it costs nothing to build; and three, it 
was built before any of the others. The design was 
based on the available components, and on the as¬ 
sumption that it might be necessary to drive a num¬ 
ber of different types of loads. These considerations 
led to the use of transistor switches and reed relays 
to provide the outputs. 

circuit description 

The output circuitry from the tone decoder is 
shown in fig. 1. In our repeater, the debugging cir- 

OUTPUT 



fig. 1. Output switching from the autopatch, prior to the in¬ 
stallation of the debugger. 

cuit was added without making any modifications to 
the autopatch. As shown in fig. 2, the debugging cir¬ 
cuit consists of two portions, the transistor switches 
are wired to provide V cc to their respective reed 
relays and the delay circuit which provides the 
ground return for the relay coils. Since only one relay 

By J. Thomas Norman, WA7HFY, 1002 South 
8th Street, Laramie, Wyoming 82070 
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is actuated at a time, only a single delay circuit is re- 
quirecf. The diodes at the input of the delay timer 
form a multiple-input OR gate to actuate the delay 
after any digit has been decoded. 

The timer itself is not very critical, especially since 
four different transistor types were used (even an un¬ 
identified NPN transistor). In its quiescent state, Q1 is 
biased on, charging Cl to approximately 8 volts. This 
level maintains Q2 and Q3 on, and Q4 off. When a 
function is decoded, Ql's base is effectively ground¬ 
ed back through the two diodes and Q^. With the 
transistor now cut off, Cl will discharge through R3. 


+av 




fig. 2. Schematic diagram of the add-on debugging circuit. 
Instead of the commands being controlled by transistor 
switches, they are controlled by reed relays. The delay por¬ 
tion of the circuit prevents the relays from picking up on 
noise spikes. The transistors can be almost any NPN type. 
R3 should be adjusted for the desired delay. 


The value of this resistor can be adjusted for the 
desired amount of time delay, in our case approxi¬ 
mately 0.1 second. When the voltage on the base of 
G2 drops below about 1.2 volt, 02 and Q3 are cut off 
and Q4 is turned on. With Q4 on, the reed relay is ac¬ 
tuated, but when a noise spike is decoded as a pulse, 
the 2N3644 is turned on; since most noise pulses are 
very short in duration, they do not allow the timer to 
complete the circuit to actuate the relay. 

ham radio 


FREQUENCY COUNTERS 


BY POPULAR DEMAND — we are continuing to offer 
?rnrp - wilh any purchase of $99 or more from ad or 

,5lriyer, a Fairchild clock module FCS-8100A 

nt'r 


<T| 


(suggested retail price $20). 


HAL-TRONIX 


HE 3 HE 


5* i’t 1 ' 


Look at these Summer Specials 


COMPLETE KITS: CONSISTING OF 
EVERY ESSENTIAL PART NEEDED 
TO MAKE YOUR COUNTER COM* 
PLETE HAL-600A 7-DIGIT 
COUNTER WITH FREQUENCY 
RANGE OF ZERO TO 600 MHz 
FEATURES TWO INPUTS: ONE 
FOR LOW FRE0UENCY AND ONE 
FOR HIGH FRE0UENCY, AUTO 
MATIC ZERO SUPPRESSION TIME 
BASE IS 10 SEC OR I SEC GATE 
WITH OPTIONAL 10 SEC GATE 
AVAILABLE. ACCURACY ± 
.001%. UTILIZES 10 MHz CRYS 
TALSPPM 

COMPLETE KIT... .. $129 


HAL-300A 7-DIGIT COUNTER 
WITH FREQUENCY RANGE OF 
ZERO TO 300 MHz FEATURES 
TWO INPUTS ONE FOR LOW FRE¬ 
QUENCY AND ONE FOR HIGH FRE 
OUENCY; AUTOMATIC ZERO SUP¬ 
PRESSION TIME BASE IS 1.0 SEC 
OR 1 SEC GATE WITH OPTIONAL 
10 SEC GATE AVAILABLE ACCU¬ 
RACY ± 001%. UTILIZES 10 
MHZ CRYSTAL 5 PPM. 

COMPLETE KIT... . . S109 


ATTENTION RADIO CLUBS 

For club or group projects. request FREE 
mlorm.'ilion about out OlSCuUNlS on 
any nt the HAL-TRONIX kits Discounts 
range Uom 10-25%. depending upon 
the quantity needed 

We arc experienced in supplying kits »n 
volume quantities to schools, taboo 
tones clubs and common-interest 
groups Nobody beats HAL-1 RONIX 
quality and pnee just by us and see toi 
yourself 


m 

FROM 
HAL-TRONIX 

DELUXE 12*BUTT0N TOUCH- 


TONE ENC00ER KIT utilizing the new 
ICM 7206 chip Provides both VISUAL 
AND AUDIO indications 1 Comes with its 
own two lone anodized aluminum cabi 
net Measurer, only 2V» x Com¬ 
plete with Touch-Tone pad board 
crystal, chip and all necessary sompv 
nonls to finish the kit 
PRICEDAT.$29.95 


For those who wish lo mount |bc encoder 
in a hand-held unit, the PC hoard meas¬ 
ures ony 9/16" x 1V<" this partial tot 
with PC board, crystal, chip and com¬ 
ponents 

PRICED AT. .$14 95 


PRE-SCALER 

KITS 


HAL-50 A 8 DIGIT COUNTER WITH 
FREQUENCY RANGE OF ZERO TO 
50 MHz OR BETTER. AUTOMATIC 
DECIMAL POINT. ZERO SUPPRES¬ 
SION UPON DEMAND. FEATURES 
TWO INPUTS. ONE FOR LOW FRE¬ 
QUENCY INPUT. AND ONE ON 
PANEL FOR USE WITH ANY IN¬ 
TERNALLY MOUNTED HALTR0NIX 
PRE-SCALER FOR WHICH PROVI¬ 
SIONS HAVE ALREADY BEEN 
MA0E. 1.0 SEC AND .1 SEC TIME 
GATES. ACCURACY ±,00f% 
UTILIZES 10 MHz CRYSTAL 5 
PPM 

COMPLETE KIT... ..$109 


HAL-O-300PRE.$19.95 

{Pre-dnlled GtO board ana all 
Components) 

HAL-0-300P/A...$29.95 

(Same as above but with preamp) 

HAL-0-600PRE ...... $39.95 

(PfB-drilled GiO board and ail 
components) 


PREBUILT 

COUNTERS 

AVAILABLE 

HAL -600A.$229.00 

HAL-300A.$199.00 

HAL-50A.$199.00 

ALLOW A TO 6-WEEK DELIVERY ON 
PRE 0UII T UNITS 


■zm 

rvfcV 7- 




HAL-TRONIX 

PO BOX 1101, SOUTHGATE, Ml 48195 
PHONE<313) 285-1782 


HAROLD C NOWLAND 
W8ZXH 


SHIPPING INFORMATION: 

ORDERS OVER $15 00 WILL 8F SHIPPED POSTPAID EXCEPT ON 
ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED ON 
ORDERS LESS 1HAN $15 00 PLEASE INCLUDL ADDITIONAL 
St 00 FOR HANDLING AND MAILING CHARGES SEND SASE FOR 
FREE FLYER 
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no-cost 

grid-dip meter 


How to use no-cost parts 
salvaged from an 
old broadcast radio 
to build a grid dipper 
that tunes 
from 1 to 90 MHz 


In these days of shortages and skyrocketing prices 
it seems improbable that anything could be free. 
However, except for a little spray paint, the instru¬ 
ment described here can, in truth, be free. Originally 
it was built for novice use to enable them to prune 
antenna systems, and to serve as an absorption 
wavemeter to insure output was on the correct band. 
It has proven so stable and reliable, however, that it 
can also serve a more experienced ham as a rugged 
instrument for general purpose work, and where 
considerably more output is needed than is available 
from solid-state dippers. 

The frequency range is limited to approximately 
1-90 MHz due to the variable capacitor I used for 


tuning. If a fairly clean capacitor is used — one which 
is not corroded and has good wipers — tuning will be 
unusually smooth and free from spurious dips. From 
the photographs ft is obvious that it is more bulky 
than most commercial dippers. The vacuum tube 
protruding from the end may not be pretty, but this 
arrangement contributes substantially to frequency 
stability. 

The schematic, lows the basic circuit. The 

tuning capacitor is the type commonly used in older 
five-tube ac-dc broadcast sets. If you have no 150- 
volt supply easily available, you can add a series re¬ 
sistor in the B + line. This resistor should be about 
50k for each 100 volts higher than the desired 150- 
volt supply. For instance, if the dipper is to be run 
from a 350-volt supply, the supply voltage is 200 
volts too high, so a 100k dropping resistor would be 
chosen. It can be any value from 82k to 120k, and 
should be rated at 2 watts. The heater voltage can 
probably be picked off the same supply. 

If you don't have a milliammeter available, you can 
use a 1000 ohms-per-volt multimeter on the 1.0- or 
1.5-volt scale, or you can install a 2.2k resistor in 
place of the meter and read across this resistor with 
a 20,000 ohms-per-volt multimeter or vtvm on a 1,0- 
to 1.5-volt scale. This hookup is shown in fig. 2. 

If you want to modulate the dipper, you can add 
the simple circuit shown in fig. 3. This transistor os¬ 
cillator is powered by the dipper grid current and grid 
modulates the dipper. This makes it easier to locate 
the dipper signal during calibration, and allows the 
dipper to be used as a temporary signal generator for 
alignment work. 

By Bill Wildenhein, W8YFB, 41230 Butternut 
Ridge, Elyria, Ohio 44035. 


june 1978 M 87 



The clipper can also be used to check that your 
rig is tuned to the correct band. Switch off the B + 
voltage to the dipper, but leave the heater voltage 
on. Poke the dipper into the rig near the output tank 
coil after you have tuned the rig, and tune the dipper 
for a peak instead of a dip. The peak will indicate 
which band you are actually on. Be careful of the 
high voltage! 

plug-in coils 

All the coils are wound on bases of defunct octal 
lubes. For those of you who have never smashed 
lubes, it can be done safely by holding the tube by 
the base with the glass envelope against the inside of 
a wastebasket. Give the glass a sharp rap with a 
hammer and the tube breaks without showering 
glass around as you would expect. Normally, the 
glass part cemented into the base remains relatively 



coil 

frequency 

wire 

number 

number 


range 

size 

of turns 

1 

0.97 

- 2.9 MHz 

34AWG (0.16 mm) 

83 

2 

2.8 

- 8.7 MHz 

24 AWG (0.51 mm) 

27 

3 

6.7 

- 20 MHz 

24 AWG (0.51 mm) 

12 

4 

15 

- 45 MHz 

20 AWG (0.81 mm) 

5 

5 

30 

- 90 MHz 

20 AWG (0.81 mm) 

2 


lig. 1. All the parts for this "no-cost" grid dipper were sal¬ 
vaged from old radios and TV sets. All colls are wound on 
32 mm (1-1/4 inches) diameter octal tube bases; winding 
length is 14 mm (9/16 inch). 


intact. This part of the glass can be broken up by 
punching it with a screwdriver. The remaining 
cement can easily be scratched out with a jackknife. 
Remove the leads from the pins by applying a solder¬ 
ing iron to the tips of the base pins while you pull on 
the leads with a pair of pliers. 

Line up the tube bases after they are cleaned and 
select a pair of pins roughly opposite from each 
other (different tubes may have different base ar¬ 
rangements with some pins missingl. Adjacent to 
one pin drill about a 1.5 mm (1/16 inch) hole as close 
to the bottom of the base as possible. Adjacent to 
the other pin, drill a 1.5 mm (1/16 inch) hole 14 mm 
(9/16 inch) higher up on the socket from the first 



This view shows the GDO with the top of the enclosure and 
the dial face removed. The capacitor shaft fits through the 
notch in the top. 


hole. Be sure the desired pins are cleaned of solder. 
It sometimes helps to run a piece of enameled wire 
down through the pin hole while heating the pin with 
a soldering iron. The wire sizes listed on the sche¬ 
matic need not be exactly as shown. Those are the 
wire sizes I used, but coils 2, 3 and 4 could use the 
wire commonly used in the yoke windings of TV 
sets. The first coil could use either number-34 or -36. 
This size range is often found in audio interstage 
transformers. If you are unwinding a transformer, it 
is easy to find out whether a particular wire size will 
fit. From the loose end of the transformer winding, 
measure 14 mm (9/16 inch) and place a bit of mask¬ 
ing tape there as a marker. As you unwind to this 
point, count the turns. If there are at least 80 turns to 
that point, the wire is small enough for the job. 

As a last resort, if you can't find wire that small, 
you can find a size that allows perhaps, 60 turns in 
the total length. Wind the 60 turns, then continue 
winding over the first layer to get a smooth layer of 
about 15 turns. Then wind up over that second layer 
with a third layer totaling, perhaps, 10 turns. If you 
have never hand wound coils, here are some of the 
basics: First, carefully scrape the enamel insulation 
from one end of the wire. Poke the end through the 
hole in the base nearest the pin end. Now poke the 
wire down through the proper pin and solder it into 
the pin. Carefully pull the excess wire back through 



VU* or 
20* OHMfV 

vou 


fig. 2. If you don't have a sensitive milliammeter, substitute 
a 2200-ohm resistor in its place and read the voltage drop 
across the resistor with a vtvm as shown here. 
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The finished grid-dip oscillator with the coils for different 
tuning ranges. 


the 1.5 mm (1/16 inch) hole. Avoid kinks as they 
seriously weaken the wire. If one of these kinks 
forms, straighten the wire as you pull it through the 
hole so the kink isn't pulled tight. 

Now reel off a length of wire and fasten the spool 
in a vise. Pull the wire taut. Make sure there are no 
kinks, though. Holding the coil form with both 
hands, wind your way toward the vise, keeping 
tension on the wire. When the correct number of 
turns are on the form, hold the winding from slip¬ 
ping with one hand and cut off the wire to leave 15 to 
20 cm (6 to 8 inches) of excess. With your free hand, 
scrape the enamel off enough of this end to get 
through the other pin. Poke this end of the wire 
through the top 1.5 mm (1/16 inch) hole, pull it up 
tight, and put your thumb over it to keep it from slip¬ 
ping. Poke the end down through the correct pin and 
pull it taut. Pull it over to the side to make a sharp 
bend at the end of the tube pin. This will prevent the 
wire from slipping back through while you solder it 
to the pin. Now you can trim up the pin ends with 
a file. 

Coat the entire winding and winding surface of 
the coil form with plastic model cement for Styrene 
models. Put on a heavy coat. For perhaps 15 min¬ 
utes you will have to alternately stand the coil on the 
plastic locator between pins, then tip it over and 



fig. 3. Simple modulator for the grid-dipper for fig, 1 uses a 
simple two-transistor oscillator which is powered by the 
grid current of the dipper. 


stand it on the open end of the form as the cement 
slowly tries to run off the form. When it sets suffi¬ 
ciently that it stops running, leave it overnight. The 
next day add a second heavy coat. This will form a 
protective coating that will securely hold the turns in 
place when inserting or removing the coil, assuring 
that your calibration remains accurate. 

Several of the coils are space-wound. After the 
winding of these coils is completed, the turns can 
be adjusted slightly until they are uniformly spaced. 

enclosure construction 

The photograph of the disassembled dipper shows 
the method of forming the sheet metal case. It was 
made of galvanized iron of the type used for furnace 
ducts. To form the sheetmetal box you need a couple 
lengths of angle iron about one foot long, and one 
piece about 5.7 cm (2-1/4 inch) long. Cold-rolled 
steel barstock is even better. Stock about 13x19 mm 
(1/2 by 3/4 inch) is good. In case you have neither, 
pick up some scraps of oak flooring and have a friend 
cut off the tongue and groove to give you a nice 
sharp corner. You also need a vise and a fairly husky 
C-clamp. Be sure to lay out and bend up the main 

j- f 

2 J/fi* 

(60 imrt\} 

| i/ft* 

3mm) 



fig. 4. Sheet-metal layout used for the grid- 
dipper chassis. 


chassis first. Fig. 4 shows the layout I used. If your 
tuning capacitor is larger, make your box slightly 
larger. Take pains to make the layout very accurate. 
It saves headaches later when you bend up the lid. 

Fig. 5A shows a cross-section if the bends are 
made correctly. Notice that the overall width is 
6 cm (2-3/8 inch) plus two metal thicknesses. The 
reason for this is quite obvious if you look at fig. 5B. 
If the bending bar is placed exactly on the line, the 
outside edge of the metal extends one metal thick¬ 
ness beyond the line. Now look at fig. 6A: the metal 
is clamped differently than in fig. 5B. If you make 
one bend as in fig. 5B and the other bend as in fig. 
6A, you will end up with the lopsided, inaccurate 
cross section shown in fig. 6B. Compare the di¬ 
mensions with those in fig. 5A; to get these dimen¬ 
sions, you must clamp the bending bars as shown in 
fig. 7. 

This leads to a simple sheet-metal rule: if you want 
the inside dimension of a U-shaped bend held to a 
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size marked on a layout, the bending bars must also 
be on the inside, as shown in fig. 7. 

For this first piece, the outside dimension is rela¬ 
tively unimportant. The lid is the really important 
piece because it must fit around this first box, and 
the inside measurement of the lid must be accurate. 
After this first piece is bent up, carefully measure the 
width at all points, then lay out and bend the lid. 
Next, lay out the holes in the lid and drill them with 
about a 5 mm (3/16 inch) drill. After removing the 
burrs, place the two sections together and carefully 
mark the hole locations on the inner box. These can 
be drilled with a number 36 (2.5 mm) drill. Then the 
box can be assembled with number 6 (about 3.5-mm 
diameter) sheet-metal screws salvaged from scrap 
TV sets. 



fig. 7. Proper setup for bending 
the flanges on a chassis to main¬ 
tain an internal dimension (see 
text). 



BENDING BARS 


die-cast head may warp still more. For about $5.00 
you can get one with a steel or cast-iron head that 
will be acceptably accurate for sheet metal work. 
With just a little care it will last you the rest of your 
life, and will guarantee a lifetime of accurate boxes. 

If you have a very limited budget and can't afford 
anything but that discount store square, here is a 
way to check the square in the store, and pick the 
one that is square (see fig. 8). Take along a piece of 
sheet metal that has one edge sheared true and 
straight. If the square isn't a true 90 degrees, it will 
show up immediately as shown in the drawing. Just 
place it on the metal as shown in position A and 
scribe a line on the metal. Swing it around to position 
B and see if it falls exactly on the previously scribed 
line. Watch out for a head with a crooked edge, as in 
fig. 9. Strive for an accuracy of about 0.5 mm in 25 
mm (1/64 inch in 10 inches), or better. It will make 
your work far easier. 


fig. 5. Proper method of bending the sheet metal used for 
the chassis (see text). 

Locate and drill all socket holes, mounting holes 
and check the fit, then thoroughly clean both pieces 
with household cleanser. After they are dry they can 
be sprayed inside and out with gray primer paint 
before assembly and wiring is begun. The dial is 
made from a piece of card stock glued to the outer 
box. This is covered with a piece of clear plastic 
(small pieces are often available as scrap from hard¬ 
ware stores or glass shops). The "unbreakable" 
window panes are usually Plexiglass or Lexan, and 
they have very good rf insulating properties. For 
using a dial bezel, it is masked, then the layout drawn 
on the masking tape. With a sharp knife, cut away 
the part to be painted and spray with acrylic lacquer. 

Your first homemade enclosure may take time and 
may be less than a professional job, but if you prac¬ 
tice, using scraps of metal that can be picked up 
free, you will soon find it possible to do a fast, ac¬ 
curate job the first time. I usually spend less than a 
half-hour to make this sort of enclosure. The result 
is that you are no longer limited to standard box 
sizes or costs. Your dollar savings will pay for any in¬ 
vestment in tools many times over. For example, you 
can get a combination square at a discount store 
for as little as a dollar, but in most cases they are 
anything but square! The aluminum or pot metal 


calibration 

Finally, let's cover calibration of the grid dipper. 
Up to about 30 MHz it can be checked against a 
general-coverage receiver. Above that frequency 
you may have to find a friend with a calibrated vhf 
dipper. Begin calibration at the lowest frequency and 
work toward the high end because general-coverage 
receivers commonly use a 455-kHz i-f which leads to 
poor image response at the higher frequencies. 
Starting at the low end, your calibration points will 
be accurate. If you are in doubt about one point, 
you can return to the last point to be sure you are 
correct, then carefully proceed higher in frequency. 
Another check is to watch the receiver's S-meter. 
The image signal is usually noticeably lower on the 
S-meter. 


I 2 3/8“ (Gem) MINUS I 
I'* ONE THICKNESS—*\ 



3/8" (9.5mm) 

_T 


© O 

fig, 6. If bend bars are not used properly, one side of the 
chassis will have a different dimension than the other due to 
metal thickness (see text). Proper setup is shown in fig. 7. 
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ANGULAR ERROR 



fig. 8. Simple method for checking the accuracy of a low- 
cost square. 

Since the power output of this clipper will probably 
be as high as 200 milliwatts, it is inadvisable to at¬ 
tempt to use it to dip circuits connected to solid-state 
devices. You can easily blow a transistor. Remove 
the transistor before checking a circuit, but realize 



fig. 9. Beware of low-cost squares that are not perfectly flat 
— they should not rock against the test piece as shown 
here. 

that the transistor itself adds capacitance to the cir¬ 
cuit. I usually dip tank circuits before installing them, 
and include a small fixed capacitor to represent the 
capacitance of the transistor. 

In conclusion, although this device is a homely 
looking gadget built from junk, it is still worth the 
effort to do the job right. I find it so stable and reli¬ 
able that it has become one of the hardest working 
tools on my bench. I hope you enjoy the same 
benefits. 
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MADISON SUPER SUMMER BUYS 

NEW OMNI-J 2-meter mobile or portable antenna 
3/8" thread, 5-dB gain (1.5*dB gain over conventional 5/8-wave 
mobile whip antenna). $29.95, 220-MHz $27.95. 450 MHz 
$27.95. Guaranteed results. 

FINCO Amateur beams in stock: A62.$61.00 

KLM: Antennas, Linears, Accessories All In Stock FREE balun 
w/2 meter base antenna. 

BIRD 43 Wattmeter plus slugs, in stock, prepaid freight. 

BENCHER keyer paddles in stock $39.95; chrome$49.95 
MIDLAND 23*136 dual meter, reads SWR and relative POWER 

handles 1 kW from 3*150 MHz.$21.95 

NEW DRAKE TR 7. Call for Quote 

TELE TOWER; 40' w/breakover..$299 

55' w/breakover.$399 

MICROWAVE MODULES instock 

F9FTTONN A antennas: 144/16 el $55.95 

9/19 OSCAR. $53.00 

JANEL Preamps.instock 

TECHNICAL BOOKS: ARRL, Sams, TAB, Tl, Rider, Radio Pub., 

CaNbook, Cowan, TEPABCO, many others.call 

HAM X ROTOR (New Model) Turns 28 sq. ft. of antenna. List 

$325. in stock.Your Price $249 

CDEHAMIII $129.00 

SWAN METERS: WM 6200 VHF Wattmeter.$49.95 

SWR 3 Mobile.$9.95 

TELEX HEADSETS instock 

CETRON 572B $27.95 ea 

ADEL nibbling tool, $6.45; punch $3.50 

CABLE 5/32", 6-strand, soft-drawn guy cable For mast or light 
tower. 3$ fool. 

BELDEN COAX CABLE: 9888 double shield RG8 foam coax, 
100% braid, suitable for direct bury 39* ft., 8237 RG8 21$ ft 
8214 RG8 foam 25* ft , 8448 8-wire rotor cable 16* It., 8210 72 
ohm kw twinlead $19/100 ft., 8235 300 ohm kw twmlead 
$12/100 ft., Amphenol PL-259, silverpfated 59* UG175 adapter 
19*, PL-258 dbl female $1.00 BNC female chassis mount 59* 
ea, MICRO RG-8/U same size as RG 59, 2 KW PEP <& 30 MHz 
16* ft 

BELDEN 14 gauge cop stranded antenna wire. $5/100 ft 

TIMES 1/2" foam hardline 60*/ft.connectors $15 ea. 

HESTER SOLDER 1 lb. 60/40, 062 $6.50 

LEADER — Amateur Test Equip. — 10% off list. 

MALLORY 2.5A/1000PIV epoxy diode. 19* ea. 

.001 MFD20KVCAP. $1.95 

GE receiving tubes. 50% off list 

GE6146B, 8950 $7.95 ea. 


SAY Electronic Power Supplies 

Completely Regulated 13.8 to 20 volts dc, variable. 
Separate volt and amp meters. Dual protection against 
over voltage and over current. 

4 amp. $59.95 

8 amp.$109.95 

20 amp.$159.95 


CALL FOR QUOTES ON: YAESU FT- 
901 DM, FT-62S, FT-225, KENWOOD TS-820S, TS- 
520S, TR-7400A, ALDA, AMCOMM, VHF-ONE 
PLUS & ETO-ALPHA. ALL IN SEALED CARTONS. 
CALL FOR QUOTES ON ITEMS NOT LISTED. 
THIS MONTH’S SPECIAL: BEARCAT 210 SCAN 
NER $249. BEARCAT 250 WRITE OR CALL. 


CALL FOR FAST QUOTES 
SPECIAL ORDERS WELCOME 


TERMS: AH prices HOB Houston. Prices subjec’ to change without notice 
Ail items Guaranteed Some items subject to prior sale Send letterhead for 
Amateur dealers price fist Texas residents add 5% fax Prease add postage 
estimate 

MADISON 

ELECTRONICS SUPPLY, INC. 

1508 mckinney Houston, texas 77002 

713/658-0268 Nites 713/497-5683 
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neat packaging for 

vhf prescalers 


Novel packaging 
for K4GOK’s prescaler 
uses readily 
available parts 

At least one thing is quite apparent from the pop¬ 
ularity of technical literature in amateur radio circles. 
A large part of the hamming community is putting 
certain minimums of time into electronic gear con¬ 
struction. To a big segment of talented do-it-your¬ 
selfers in hamdom, this kind of involvement is neces¬ 
sary to get maximum enjoyment from the hobby. It's 
not easy. Even those who live for the smell of hot 
rosin and solder soon learn that workbench time is a 
scarce luxury. One result of the paucity of time is 
that we get only the highest priority stuff to the 
bench and quite simply, lean on the stories others tell 
(or write) to learn about out-of-reach or lower priority 
items. 

It is pretty well known that not being in a position 
to build a super hot new receiver doesn't spoil the 
fun of reading about how the author did it. The buzz 


word for this, of course, is vicarious and we'd be in 
rough shape without being able to enjoy things 
vicariously. 

Even with the best intentions, many construction 
projects find their way into a file cabinet to await 
future action. Occasionally one may be pulled from 
the file and placed on the workbench for further 
thought, but every now and then lightning strikes 
and a construction article comes along to absolutely 
ruin your peace of mind until you can translate that 
writer's words into reality. 

K4G0K's prescaler, as detailed in ham radio for 
February, 1976," was just such a bolt for me. It 
turned out so well and so easy to assemble that I 
thought it deserved a little extra mention in all the 
shacks where it is filed under projects — future. 

There is probably a great number of frequency 
counters in use which conk out at 50 MHz — or less. 
The need, however, for accurate frequency measure¬ 
ment in today's hamshack is in the order of 300 MHz, 
and if not a requirement for 2-meter fm, it is certainly 
a great convenience. 

*M. D. Kilchfihs, K4G0K, ’VHF Presciile* for Digital Frequency Counters." 
hum radio, February. 1976, page 32. 

By Alan Smith, W8CHK, 3213 Barth Street, 
Flint, Michigan 48504 
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There is no problem if you are in a position to se¬ 
lect your needs from a supplier's shelf, but if you are 
in the more common position and want to soup up a 
flea market special or your old reliable Heath 1101, 
this prescaler is for you. 

The construction approach recommended here is 
to build the prescaler as a separate unit. It will be 
easy on time and gentle on your pocketbook. You 
can even get several parts at your local Radio Shack 
store. 

The unit in the photograph was built by my son, 
WB8YOB, and is a self-contained copy of the circuit 
described by K4GOK. As shown in the photo, it is set 
up to prescale two-meter signals with a rubber duck 
antenna as the coupling element. 

The case is an Archer 270-250 ($2.98 from Radio 
Shack). You can get the transistors at Radio Shack 







In the past when your YAESU or KENWOOD dealer said the CW crystal 
filler tor your set was optional you had a choice: Buy one of his standard 
units —or do without. 

NO LONGER! 

Now FOX-TANGO not only otters inters similar in bandwidth to those sup¬ 
plied by your set's manufacturer, but also sharp eight-pole. 250 Hz band¬ 
width inters with superior shape (actors at an unbeatable price — some 
similar units are being advertised tor $100! And even so, they are not as 
sharp. 

BUT THAT’S NOT ALL 

Yaesu's CW filters lor the FT-tOl, Ffl-tOt and FT-301 Series have a 
bandwidth ot 600 Hz. Most hams leel 600 Hz is loo wide lor today's condi¬ 
tions but that's not the only reason they find the going rough when the 
band is crowded: Yaesu’s filters are only six-pote. Ours are eight-pole — 
with a superior shape factor and 500 Hz bandwidth. Wide enough lor tun¬ 
ing ease, yet sharp and selective enough to cut through all but the 
heaviest OHM. And lor the Kenwood CW enthusiast FOX-TANGO now ot¬ 
ters. in addition to the sharp eight-pole 250 Hz units for the TS-520, 
R-599. and Ihe TS-620 Series; new eight-pole 400 Hz inters with charac¬ 
teristics superior to those ol the regular Kenwood 500 Hz units 

SOME REAL OPTIONS 

But talk about FREEDOM OF CHOICE! Inexpensive, easily Installed diode¬ 
switching boards are now available lor all the above sets which permit the 
addition ol up to two crystal fillers in addition to those tor which the manu¬ 
facturer provides space. For example, il you have no CW filter at present or 
are just buying your set (which never comes with the filler lactory-m- 
stalicd) you can select either ol our superior units, secure in ihe knowl¬ 
edge that you can add the other later if you wish Or it your rig already has 
a standard CW filter installed, you can add our sharp unit so that either can 
be switch-selected often using existing front panel controls. Just imagine 1 
Nail your rare DX with the standard-type litter and cul out the crud and 
crowd with Ihe Hip of a switch Now that's OPERATING! 

HOW WE DO IT 

Some hams have wondered how we can offer superior filters at such a low 
price. And they era superior, nol only on Ihe basis of laboratory tests but 
according to members of the international Fox-Tango Club who have used 
them in their rigs lor many months. The answer to the "low price" ques¬ 
tion is ihal these tillers are made tor us in Japan by a concern with almost 
a quarter-century ol experience in Ihe design and production of these 
units, among others, for use in Ihe best-known and mosl respected 
brands of both amateur and commercial gear In Ihe past their filters were 
sold exclusively to sel manufacturers. Now Ihey are being offered at retail 
lor the tirsl time — and al Introductory prices — through our organization 
only 

GET YOURS NOW AND BEAT THE INFLATIONARY SPIRAL! 

Our Flltari an told on a Monay-back Guarantae Baiit. 

FOX-TANGO CORP. 

Box 15944, W. Palm Beach, FL 33406 

DIODE SWITCHING BOARDS permituasy mounting 

(without drilling) ot up to two crystal litters ol any type in addition to 

a—. those lor which the manufacturer provides space These boards will 

- accommodate any ot the titters listed below and other types planned 

Il | j \' lor Ihe future They include one stage o! amplification to compensate 

I! I 1 \\ lor filter insertion losses it desired Complete instructions SPECIFY 

^ I I 1 \\ s#l * nh bo,f{J 11 !0 u,4d - wl,h P urchaM of an V ,|,,or 

// I U $20 without lillet Airmail Ppd. US & Canada Overseas add $1 



tU*«pW)»Tri type liUMRCnS FOB OPDEftlHQ 
fain down cw MirtnsTon 

. hj -TS rtiFM n wT. ' 

" JiO igr VF.1IMMW VFBOH3M 

500 'jb Vr.itM*jOO YFMM2QO 


_cw m iens r on kchwoop 

TsSivittw ts 030 ~ 

YruMjso " Tfwuijso 
• fFWMOw 


ALL TYPES 

Only $50 

Airmail Ppd US 
& Canada Overseas 
add $3 
Circle type 
desired. 


_□ Check □ Money Order 

(Make checks payable to FTC) 


I preler to charge my 
D VISA O Master Charge 

Account No _ 

Expiration date: _ 

MC 4 digit no_ 


_ State __ 

Florida residents add 4% Sales Tax. 
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l precision voltmeter calibrator 


It's always nice to have a high-accuracy, digital 
voltmeter around, but unfortunately they're very ex¬ 
pensive. To solve this problem, I decided to build a 
variable voltage source to accurately calibrate the dc 
voltmeters I had on hand. There have been many 
precision ten-volt sources described in current 
literature; 1 * 2 » 3 I have used the circuit shown in refer¬ 
ence 1 as the basis for my design. 

circuit details 

The circuit shown in fig. 1 will produce from 0 to 
10 volts with an error of less than 20 millivolts. In ad¬ 
dition, it's also accurate with meter movements that 
have an internal resistance as low as a few thousand 
ohms. The 10 volts developed by the LM308 appears 
across R4. In my case, I used a ten-turn potentiome¬ 


ter and a suitably accurate ten-turn dial. The output 
from this potentiometer is fed into a 741 op amp con¬ 
nected for unity gain. In this way the op amp's high- 
input impedance will have negligible loading on the 
voltage source and its low output impedance will al¬ 
low the calibration of meters with low internal resis¬ 
tance. 

It will be necessary to null out the small dc offset 
error which appears at the output of the 741 op amp. 
This is accomplished by the 10k potentiometer, R5; 
ground the input of the 741 and adjust R5 for zero 
volt output. The nulling procedure must be com¬ 
pleted before final calibration is attempted. Table 1 
shows the results of calibration against a known volt¬ 
age source. 

For operation, this calibrator requires plus and 



fig. 1. Schematic diagram of the 0 to 10 volt voltage stan¬ 
dard. The pin numbers for the op amps are for the 8-pin 
mini-DlP package. R4 is a 10-turn potentiometer with a 
linearity of 0.1 per cent. The resistor tolerances should be 
closely observed to obtain a precise 10-volt output from the 
LM308. 

By Hubert Woods, Calle Las Nubes, 1760, 
Guadalajara 5, Jalisco, Mexico 


table 1. Calibration results for the 0 to 10 volt standard. 


nominal voltage 

laboratory potentiometer 

as read on R4 

reading 

10.00 

10.00 

9.00 

9.00 

8.00 

7.99 

7.00 

7.00 

6.00 

6.00 

5.00 

5.01 

4.00 

4.00 

3.00 

3.00 

2.00 

2.00 

1.00 

1.00 

0.00 

0.00 


minus 15 volts, at less than 50 mA. The normally 
closed switch shown in fig. 1 is used to start the 
calibrator by creating a transient through the 560 pF 
capacitor. If the power supply for the calibrator is 
already running, this switch can be eliminated. Final¬ 
ly, you should realize that this calibrator can not be 
used as a substitute for a variable voltage power 
supply. 


references 

1. William Goldfarb, Electronics Circuit Designers Casebook, Electronics, 
June 7, 1975, page 107. 

2. David W. Ishmael, WA6VVL, "Precision 10.000 V dc Reference Voltage 
Standard," 73, September, 1975, page 124. 

3. linear Data Book, National Semiconductor Corporation, Santa Clara, 
California 95051, page 2-1. 
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the gyrator: 

a synthetic inductor 


Using operational amplifiers 

you can 
simulate inductors 
in LC filter design 

The Gyrator is an electronic device that inverts 
the impedance of a capacitor and therefore makes it 
take on the characteristics of an inductor. Through 
the use of such a device, some of the shortcomings 
of inductors can be eliminated. These shortcomings 
are large physical size, low Q, nonlinearity, and inter¬ 
winding capacitance. 

A properly designed Gyrator will provide a synthet¬ 
ic inductor with high Q, wide bandwidth, inductance 
value independent of frequency, and good stability. 
Filters for frequencies up to 50 kHz can be designed 
using Gyrators. 

LC filters 

Since a Gyrator can be inserted directly into an LC 
filter in place of an inductor, let's first review how an 
LC filter works. An LC filter is a reactive, two-port, 


doubly-terminated device that reflects power back to 
the source in frequencies that fall outside its band¬ 
pass. As the number of individual elements making 
up the filter is increased, the ability of any one com¬ 
ponent to greatly change the resonant frequency 
decreases. It can be said, therefore, that a coupled 



fig. 1. Basic Gyrator circuit and standard Gyrator symbol. 
Circuit is the basis for designing filters without inductors. 

LC filter is basically rather insensitive to changes in 
values of either capacitors or inductors. What will 
happen (when changing a component) is that the 
amount of power reflected to the source will be 
decreased. As other component values are changed, 
the reflected power becomes less and less, and the 
stop bands become more and more poorly defined. 

By John Loughmiller, WB9ATW, Route 1, 
Box480C, Borden, Indiana47106 
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designing a Gyrator filter 

To implement an LC filter without an inductor, first 
calculate the required inductive and capacitive im¬ 
pedance for the filter you have in mind. If desired, 
the filter can be built using standard inductances to 
check your calculations before actually building the 
Gyrator. 

Next, using the circuit in fig. 1, construct a 
Gyrator replacement for the inductor. This circuit will 
simulate an inductor with the value of KC, where 
X is a constant derived from the resistors: 
K = (Rl 9 R3 m R4)/R2, and C is the capacitor whose 
impedance is being inverted (Cl in the circuit). 

The resultant number so derived can be treated as 
if it were the value of impedance of an inductor, and 
the actual inductor can be removed and replaced 
with the synthesized inductor just created. 



fig. 2. Method for simulating an ungrounded inductor using 
two Gyrators. Resistor R4 is the resistor that determines the 
simulated inductance. 


A simpler approach is to make all four resistors the 
same value and use the formula R 2 C . (The imped¬ 
ance presented to the input of the Gyrator is very 
nearly juR 2 C, hence the formula R 2 C). Use a value 
of R large enough that the op amps won't be loaded, 
yet slightly lower than the differential input im¬ 
pedance. 

The Gyrator circuit appears to be just another ac¬ 
tive filter circuit; however, there's a significant dif¬ 
ference: in other active filter circuits amplifier phase 
shift degrades circuit Q. In Gyrators, the Q is 
enhanced. When the phase shift is greater than 90 

table 1. Typical Qof various types of capacitors at 1 kHz. 


capacitor 


type 

Qat 1 kHz 

Mica 

600 

NPO ceramic 

1500 

Glass 

1500 

Polystyrene 

2000 

Polypropylene 

3000 


degrees, the Q is actually higher than that of the ca¬ 
pacitor itself. 

Speaking of capacitors, table 1 indicates the Q to 
be expected (at 1 kHz reference) for various types of 
capacitors. You can see that a high-Q inductor can 
be synthesized by using one of the high-Q capaci¬ 
tors, since the Gyrator inverts its capacitive imped¬ 
ance into an inductive-type impedance. 


With regard to temperature, the NPO ceramic is 
least affected by changes of this variable. Higher sta¬ 
bility could therefore be expected if NPO-type capa¬ 
citors were used; however, there would be a tradeoff 
in Q. For high Qthe choice is polystyrene or polypro¬ 



fig. 3. Synthesized T filter using Gyrators, 
which performs as if it were constructed as a 
standard T filter using inductors. 


pylene, with the latter perhaps a better choice as it 
has a better temperature coefficient. 

floating inductors 

Perhaps the principal drawback to Gyrators is the 
fact that a floating (ungrounded) inductor can't be 
simulated by a single Gyrator. It's possible, however, 
to use two Gyrators as in fig. 2 and successfully sim¬ 
ulate such an inductor. 

The formula is L=[(R1*R3*C)/R2]R4, and R4 is a 
shared resistor between Gyrator A and B, as in fig. 2. 
R4 is the resistor that determines the simulated in¬ 
ductance. So if R4 becomes a loaded port, the simu- 


fig. 4. T filter using in¬ 
ductors in the usual 
manner, which can be 
simulated by Gyrator 
techniques. 



lated inductance will be dependent on the value of 
resistance connected to the port. This being the 
case, resistor R4 could (if desired) be divided into 
sections and T or pi filters simulated, such as shown 
in fig. 3. Here, a T filter is created synthetically, 
which would perform as if it were constructed in the 
manner shown in fig. 4. 

When building multisection filters, a quad op-amp 
is recommended. A 4136 is the choice of Mr. Thomas 
Lynch, from whom much of the information in this 
article was obtained. 
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pi-network rf choke 

The great majority of pi-network rf 
amplifiers use shunt feed for the high 
voltage dc to the plate. Therefore, 
great dependence is placed on the 
isolation properties of the rf choke. 
Most chokes are not suitable for this 
purpose due to resonances, especial¬ 
ly when the amplifier is a multiband 
unit. 

The most successful shunt feed rf 
chokes are single layer solenoid 
wound, preferably using resistance 
wire to lower the and damp out po¬ 
tential resonant frequencies. One of 
the best chokes was the one made by 
Collins for the ART-13 transmitter. 


ceramic capacitors are recom¬ 
mended. 

Gary Legel, W6KNE 

calculating feedline loss 
with a single measure¬ 
ment at the transmitter 

Much has been written about the 
amount of insertion loss of various 
types of feedline and connectors, and 
about how the loss in some types of 
coax increases sharply with age and 
exposure to the elements. What is 
not widely known in amateur circles 
is that the loss in any run of cable can 
be determined with only an swr 
bridge or wattmeter, a transmitter or 


RF CHOKE 



TO 

ANTENNA 


fig. 1. Suggested placement for rf choke in multiband rf 
power amplifiers. Since this is a low-impedance point in 
the output circuit, it reduces the performance require¬ 
ments of the rf choke. 


They are difficult to obtain, however. 

To avoid the problem, series feed 
at a low rf potential point as shown in 
fig. 1 is suggested. In this circuit any 
of garden variety rf chokes are suit¬ 
able. The plate blocking capacitor is 
now at the low rf potential part of the 
circuit; it must, however, be able to 
withstand the high voltage dc and be 
able to carry the tank circuit rf current 
without overheating. Transmitting 


other drive source, and a shorted 
connector. 

If a piece of cable is terminated 
with a short or an open circuit, the 
vswr measured at the transmitter will 
be infinite if the cable has zero inser¬ 
tion loss. In the real world, any cable 
has some loss, and this loss will cause 
the vswr measured at the transmitter 
to be less than infinity. The greater 
the cable loss, the lower the vswr. 


To determine the cable loss, dis¬ 
connect the antenna from the feed¬ 
line and replace it with a shorted con¬ 
nector. This produces the infinite 
vswr at the transmitter end of the 
cable more reliably than simply leav¬ 
ing the cable unterminated. Connect 
the swr bridge or wattmeter at the 
transmitter and measure the vswr of 
both forward and reflected power, 
using the lowest possible transmitter 
power to avoid possible damage to 
the final amplifier. The reflection co¬ 
efficient, p, is found by using one of 
the following formulas: 

_ / Preflected S WR ~ 1 

V * forward S WR + 1 

This reflection coefficient is a numer¬ 
ical ratio which must then be con¬ 
verted to decibels: 

pfdB) = 20log 10 |^| 

Note that a vswr of oo corresponds to 
p= 1 or p(dB)~0 dB, and a vswr of 
1.0 corresponds to p=0 or 
p(dB) = oo dB. The cable loss is deter¬ 
mined by using the general equation: 

p(dB) c = p(dB) L + 2A 0 

where p(dB) G is the reflection coeffi¬ 
cient at the transmitter, p(dB) L is the 
reflection coefficient at the load, and 
A 0 is the cable loss in decibels. Since 
p(dB) L = 0 in this case, 

a _ P(dB) c 
A ° ' 2 

This same general formula can also 
be applied if vswr or wattmeter read¬ 
ings are taken at both ends of the 
cable with the antenna connected in¬ 
stead of the shorted termination. The 
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advantage of using the shorted ter¬ 
mination is that it eliminates the need 
to take readings at the antenna, 
which is usually a two-man job. 

Once the feedline loss is known, 
the antenna is reconnected, and it is 
now possible to accurately determine 
the vswr at the antenna based on the 
reading taken at the transmitter: 

p(dB) L = p(dB) G - 2A 0 
1 

antilog 10 
SWR=[ + P 

1-p 

For most accurate results with mul¬ 
tiband antennas, a feedline loss cal¬ 
culation should be made for each 
band. 

John E. Becker, K9MM 

RM terminal 
modification 

After using the Mini Micro Mart 
RM Terminal Unit for a number of 
months, some deficiencies were 
noted which made it a little unwieldy 
to use, and sometimes downright dif¬ 
ficult! I decided to pull all the guts out 
of it, because I didn't know how it 
worked, and if it broke, about all I 
could do is use it for weight in the 
back of my car in the winter. This 
modification is used to convert the 
parallel output of the original key¬ 
board into special data for insertion 
into the loop of a RTTY system. In 
addition to this, it gives you end of 
line (EOL), letters, and figures indica¬ 
tions through the use of an LED. The 
EOL feature is especially nice if you 
are using a video display which has 
less than the 66 characters necessary 
for a complete line of hard copy. In 
addition to this, it provides parallel 
data out, still in Baudot code, just in 
case you need it to feed an ASCII 
converter. 

Looking at the schematic of the 
converter itself, the data from the RM 
terminal is fed into the UART and 
strobed into it through a 74121. The 
strobe from the keyboard is only a 
high, and it is necessary to have a 


pulse, so I used the 74121 to make it. 
The UART is clocked with a IME555, 
which can be set at any speed. The 
required frequency for various speeds 


speed 

baud 

clock 

frequency 

60 

45.45 

728 Hz 

66 

50.00 

800 Hz 

75 

57.00 

912 Hz 

100 

73.70 

1179 Hz 


It can be seen that the clock speed 
necessary for the UART is the Baud 
rate times 16. 

Coming out of the UART is the ser¬ 
ial data, which is fed into a transistor 
driver, which keys an optical isolator. 
These devices are good for more than 
20 mA, so if used in an application 


shown is used for indication of which 
shift you are in. 

This modification can be made 
quite easily, and the additional cir¬ 
cuitry can be put on perf board or a 
separate printed-circuit board. I built 
the unit on a wire-wrap card because 
it was incorporated into another 
system. 

Tim Ahrens, WA5VQK 

switching inductive 
loads with solid-state 
devices 

Recently, while attempting to inter¬ 
face my 8080A microprocessor to a 
model 26 Teletype machine, I 
destroyed the 8080A and a 2INI2222 


fig. 1. Initial circuit used 
by WA6ROC to interface 
an 8080A microprocessor 
with a teleprinter. This 
arrangement destroyed 
both the expensive 8080A 
and the 2N2222. 



where the loop is less than this, no 
problems should be noted. Please 
note the polarity. 

Also coming out of the UART from 
pin 24 is a terminal which says in ef¬ 
fect, "one character is finished;" this 
is normally high, and when the char¬ 
acter is complete, it goes low for a 
moment. This pulse is fed into a 
CD4020 binary counter, which can be 
set up for any count up to 2 14 . In this 
instance we are counting up to 64, 
which is close to the 66 count maxi¬ 
mum. Fortunately, the CD4020 is also 
equipped with a reset, and when the 
carriage return key on the keyboard is 
struck, a positive pulse resets the 
chip, and the process starts all over 
again. The output from the 4020 is 
used to drive a flip-flop made from a 
7400, but in the configuration shown, 
another section is used to drive a LED 
or audible alarm to show that the end 
of line has arrived. The other flip-flop 


transistor. The following suggestions 
may help others from encountering 
problems when trying to switch in¬ 
ductive loads with solid-state 
devices. My first attempt at a switch¬ 
ing circuit is shown in fig. 1 . What 
happens is this: 

1. Assume that the 2INI2222 is con¬ 
ducting, the collector of the transistor 
is at 0.2 volt (it is saturated). 



fig. 2. Basic opto-isolator circuit used by 
WA6ROC to provide protection to the deli¬ 
cate microprocessor. 
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+5V 


fig. 3. Since circuit of fig. 2 
would not key low voltages, 
a Darlington pair was used, 
as shown here. Design of 
the circuit is discussed in 
the text. 


56V 



2. The gate tries to turn off the 
2 N2222. 

3. The inductor tries to maintain its 
current of 60 mA, thus the collector 
voltage of the 2N2222 rises, as it 
turns off. 

4. When the collector reaches 12.7 
volts the 1N914 starts to conduct. 
The + 12 volt regulator, however, will 
not clamp its output at +12 volts 
(indeed most series-regulated power 
supplies will allow the output voltage 
to climb if you try to force current 
into the output). 


appreciable voltage will exist from the 
collector to the emitter of the HEP244 
when it is turned on. Suppose the 
HEP244 is supposed to key a 60 mA 
loop, let us further suppose it has a 
current gain of 60. Therefore, to key 
the loop, the collector current will be 
60 mA and the base current must be 



(actually l c = 59 mA, I B = 1 mA, 
0=59) 

To sustain conduction, the collector 
to emitter voltage must be 


60 mA 
60x60 


= 167 fiA. 


The collectorto-emitter voltage of 
the keying transistor(s) is 

Vbe2 + Vcesat + 167/* A x 33 k 
= 0.7 + 0.7 + 0.3 + 0.55 = 2.25 volts 
(versus 33.0 volts before). This circuit 
will satisfactorily key both low and 
high voltage loops, and will handle 
quite a bit more current than 60 
milliamps. 

Now, as to the matter of protecting 
the keying transistor from secondary 
voltage breakdown. The common 
trick is to clamp the collector of the 
keying transistor to the magnet sup¬ 
ply. If you do this, be sure to follow 
these two precautions: 

1. Use a diode capable of carrying 
several amps, as the current through 
the suppressing diode can be several 
orders of magnitude greater than the 
magnet current, and small signal 
diodes (such as the 1N914) will often 
be destroyed by the large surge. 


fig. 4. Final circuit con¬ 
figuration used by 
WA8ROC to interface a 
teleprinter with an 808OA 
microprocessor. The RC 
filter across the Darlington 
pair speeds up the release 
time of the print magnets. 



5. Thus, the collector voltage of 
the 2N2222 climbs very high, and it 
experiences secondary voltage break¬ 
down (fatal). Also, the +12 volt line 
follows the collector voltage (but it is 
one diode drop less). Thus the large 
spike on the +12 volt line destroys 
the microprocessor (and maybe other 
devices). 

It was at this point that I decided to 
use an opto insulator — to provide a 
means of protection of the delicate 
microprocessor (or other solid-state 
parts). I tried the circuit which ap¬ 
peared in the November, 1976, issue 
of ham radio * (see fig. 2). 

This circuit is optically isolated, but 
it has one problem: it will not key low 
voltages. Since all I had at the time 
was a low-voltage power supply, a 
simple modification was made to 
allow this circuit to key a considerable 
amount of current, over a wide range 
of voltages. 

The reason that this circuit will not 
key low voltage loops is that an 

*K. Ebneter, K9GSC, and J. Romelfanger, K9PKG, 
"RTTY Jest Message Generator," ham radio, 
November, 1976, page 30. 


Vb e (HEP244) +Vcesat (opto-isolator 
transistor) + 1 mA x 33 kilohms 
= 0.7 + 0.2 + 33 = 33.9 volts. 

The obvious way to reduce the 
collector-to-emitter voltage is to 
reduce the voltage drop across the 
33k resistor. If the current gain of the 
HEP244 were higher, then it would 
draw less base current, and the volt¬ 
age across the 33k resistor would be 
less. The best way to do this is to add 
another HEP244 and make the two 
transistors into a Darlington configu¬ 
ration as shown in fig. 2. 

The effective current gain of the 
Darlington pair is 0 2 so the current 
through the 33k resistor is about 


2. Make sure the magnet supply 
has sufficient capacitance to ade¬ 
quately absorb the energy of the 
spike without allowing the voltage to 
climb. 

Sometimes, however, the clamp¬ 
ing diode will slow down the release 
time of the magnets (because the 
diode allows the current flow to con¬ 
tinue for some time). In a case where 
this is important, an RC filter across 
the keying transistor will usually solve 
the problem. Thus the final configu¬ 
ration (fig. 4) is the circuit I now use 
to key my teleprinter magnets. 

Thomas C. McDermott, 
WA6ROC 
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comments 


satellite tracking 

Dear HR: 

The article in your September is¬ 
sue, '"Tracking Oscar Satellites," 
was especially interesting, and I 
might make some comments regard¬ 
ing the nautical mile. Most Maritime 
nations, including the United States, 
have adopted the International Nauti¬ 
cal Mile, which is exactly 1852 
meters, or 6076.10333 . . . U.S. feet. 

For most navigational purposes, 
the nautical mile is one minute of 
latitude or any other great circle. On 
the Clarke spheroid of 1866, used for 
mapping North America, the nautical 
mile varies from 6046 feet at the 
equator to 6108 feet at the poles. The 
length of one minute of a great circle 
of a sphere having an area equal to 
that of the earth is 6080.2 U.S. feet. 
This was the U.S. standard nautical 
mile prior to the adoption of the In¬ 
ternational Mile of 1852 meters. 

One of the first attempts to estab¬ 
lish a standard of length was made by 
the Greeks, who used the length of 
their Olympic stadium as a unit and 
called it, naturally, the stadium. It 
was 600 Greek feet (607.9 U.S. feet), 
or almost exactly one-tenth of the 
International Nautical mile. The 
Romans got into the act with a 625- 
foot stadium (606.3 U.S. feet). This 
is quite close to the British Cable of 
608 feet. The Roman Mediterranean 
mile of 4859.59 feet was gradually 
replaced by the Greek unit and was 
probably the mile referred to in the 


Bible (Matthew 5:41). The word mile 
comes from the Latin mille (thou¬ 
sand) — the one-thousand paces of 
the Roman mile. 

For convenience in short-range 
plotting in the Navy and Maritime 
Service, the Radar Plotting Sheet 
and Maneuvering Board use a 6000- 
foot (2000-yard) mile, which differs 
from the Nautical Mile by slightly 
over 1 per cent. It greatly simplifies 
range instruments, gear ratios, and 
computations, and is within the range 
accuracy of most electronic naviga¬ 
tion systems. 

I have written several navigational 
programs for my HP-97 calculator, 
and, in great-circle distances and 
bearing calculations, I use the 1852- 
meter International Nautical Mile. 

I. L. McNally, K6WX 
Sun City, California 

active filters 

Dear HR: 

I would like to compliment W4IYB 
on the fine article concerning active 
RC filters in the October 1976, ham 
radio. He has presented three basic 
filter configurations, each with dif¬ 



ferent adaptations. Personally I prefer 
the second configuration; I have used 
it in thousands of modems sold to 
users of the telephone network. I ran 
off a computer tracing of the band¬ 
pass characteristics of the filters, 
both single and 4-unit combinations, 
based on a Q of 6. My curves come 


quite close to what is shown in 
W4IYB's fig. 2. I should mention 
however, that the equations you 
presented are difficult for the average 
ham radio reader. I use the following 
simpler equations: 


Ri = 


Q 

C»f»g*2ir 


Rz 2'(Q— 9/Q) t C»f‘2ir 


R 3 = 


C*2n»f 


where 

C = Cj = C 2 


g= gain from input to output 
(usually set to 1 or 0.5) 

Q= not more than 10 or 20 for 
741s in the audio range 
/= frequency in the audio 
range 

Robert H. Weitbrecht, W6NRM 
Redwood City, California 


noise interference 

Dear HR: 

I ran across an unexpected source 
of interference not long ago. A noise 
sounding like a machine gun was 
creating tremendous interference. It 
covered up to 900 kHz, and with mul¬ 
tiples of 900 kHz, up to 30 MHz. The 
source of the noise was finally found 
to be originating from the telephone 
lines, with faulty battery chargers at 
the substations being the cause. The 
intensity of the interference was 
great enough to cover local broad¬ 
cast stations, even though I live more 
than 6 miles (9km) from the sub¬ 
station. Even after locating the 
source, it is very difficult to solve the 
problem because the telephone com¬ 
pany is very reluctant to admit blame. 

Keith Olson, W7FS 
Belfair, Washington 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 142. 


new Drake transceiver 



The new TR-7 transceiver from the 
R.L. Drake Company is the first com¬ 
mercially available amateur trans¬ 
ceiver that uses a 48-MHz i-f. This 
concept allows great flexilility in fre¬ 
quency coverage as well as pro¬ 
viding greatly improved image re¬ 
jection. 

Reception through the entire range 
of 1.5 through 30 MHz is provided by 
the TR-7, and, with the use of an 
Aux-7 Range-Program board, the 
range can be expanded to cover 
from 0 to 30 MHz. The up-conversion 
technique, along with the synthe¬ 
sized/PTO frequency control, makes 
this extended frequency coverage 
possible. 

Full passband tuning is another 
feature of the receiver portion of 
the unit. It is possible to tune from 
the top edge of one sideband, 
through zero, to the bottom edge of 
the other sideband. The range is also 
wide enough to allow tuning through 
RTTY signals. This ability to place a 
wanted signal at the proper spot in 
the filter passband is a great aid when 
working on the crowded amateur 
bands. 


Further improved reception can be 
obtained by installing optional re¬ 
ceiving-selectivity filters in the rig; 
you can select the desired filter by 
pushbutton switches on the front 
panel. Also, a unique system permits 
you to select the receiving filter in¬ 
dependently of the transmitter mode 
or function. Thus you can transmit 
on CW but receive with an ssb filter, 
or even transmit on one sideband 
while receiving the other. Optional 
filter widths include 300 Hz, 500 Hz, 
1.8 kHz, or 6 kHz. 

On the transmit side of the unit, 
optional programmable coverage for 
nonamateur-band parts of the spec¬ 
trum are available. Proof of license 
for operation out of the amateur 
bands must be submitted to the R.L, 
Drake Company before obtaining 
these options, however. This feature 
also takes care of any possible later 
expansion of the amateur fre¬ 
quencies. 

The all-solid-state design and 
broadband tuned circuits means that 
there are no preselector or peaking 
circuits to contend with in the TR-7. 
The power amplifier is designed for 
continuous-duty ssb and CW op¬ 
eration. The efficient, internal heat¬ 
sink provides enough dissipation in 
free air for full power on all modes 
except SSTV or RTTY; these high- 
duty-cycle transmissions are provided 
for by an optional fan for extra cool¬ 
ing. The transmitter is rated at 250 
watts input on all modes, and the PS- 
7 ac power supply is designed to pro¬ 
vide continuous-duty power for any 
mode. This supply also accepts input 
voltages of 90-132 Vac, 180-264-Vac, 
at 50 to 60 Hz, which makes it ideal 
for overseas locations. The TR-7 
transceiver may also be operated 
from any nominal 13.6 Vdc supply 
capable of providing 3 Amps on re¬ 
ceive and 25 Amps on transmit. 

Additional features of the TR-7 
include a digital frequency readout, 
which will provide accuracy of ±100 
Hz, or an analog readout with ± 1 
kHz accuracy when properly cali¬ 
brated. The digital frequency display 


can be used as a test instrument with 
frequency capability of up to 150 
MHz, with access to the counter in¬ 
put through a rear panel connector. 
Power-output metering is obtained 
by making the standard S-meter dou¬ 
ble as a built-in wattmeter/swr in¬ 
dicator. 

Here are some of the specifications 
from the TR-7 brochure: 

Dimensions (height, width, depth): 
11.6 x 34.6 x 31.7 cm (4.6 x 13.6 x 
12.5 in.). 

Receiver sensitivity: less than 0.5 
tiV for 10 dBS + N/N ratio. 

Image and i-f rejection: greater than 
80 dB 

Power input: 250 watts PEP 1 ssb; 
250 watts CW. 

Spurious output: greater than 50 dB 
down. 

Harmonic output: greater than 45 
dB down. 

Intermodulation distortion: 30 dB 
below PEP. 

Undesired sideband suppression: 
greater than 60 dB at 1 kHz. 

A wide range of optional features 
are available, including a noise blank¬ 
er, mobile mounting kit, and crystal 
filters. A speaker in a matching cab¬ 
inet, and a similarly matching remote 
vfo, will combine with the TR-7 trans¬ 
ceiver to make a complete, attractive, 
and state-of-the-art amateur station 
that will set the pattern for years to 
come. 

For more information, see your 
authorized Drake dealer, or write R.L. 
Drake Company, 540 Richard Street, 
Miamisburg, Ohio 45342. 

prime components 
purchasing guide 

A new components catalog has 
just been released by Prime Com¬ 
ponents Corporation of Hauppauge, 
New York. 

The 36-page illustrated booklet 
lists many of the small parts often 
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needed by hobbiests, experimenters, 
and small development laboratories. 

A partial list of items that can be 
purchased from Prime Components 
Corporation includes cleaning and 
servicing chemicals, test equipment, 
tools, integrated circuits, diodes, 
transistors, capacitors, resistors, 
LEDs and LED displays, lamps, and 
fuses. All of the parts are brand- 
name manufactured, and are avail¬ 
able from stock. The catalog is free, 
and there is a minimum order require¬ 
ment of $25. 

To receive your free catalog, write 
to Prime Components Corporation, 
65 Engineers Road, Hauppauge, New 
York 11787. 


tandy computers 
catalog 


VLF Converter 
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AH Patomor Engineers products are 
made in U.S.A. Since 196S, manufacturers 
o( Amateur Radio equipment only. 



• New device opens up the world of Very Low Frequency 
radio. 

• Gives reception of the 1750 meter band at 160-190 KHz 
where transmitters of one watt power can be operated 
without FCC license. 

• Also covers the navigation radiobeacon band, standard 
frequency broadcasts, ship-to-shore communications, 
and the European low frequency broadcast band. 

The converter moves all these signals to the 80 meter amateur band where 
they can be tuned in on an ordinary shortwave receiver. 

The converter is simple to use and has no tuning adjustments. Tuning of 
VLF singles is done entirely by the receiver which picks up 10 KHz signals 
at 3510 KHz, 100 KHz signals at 3600 KHz, 500 KHz signals at 4000 KHz. 

The VLF converter has crystal control for accurate frequency conversion, a 
low noise rf amplifier for high sensitivity, and a multipole filter to cut 
broadcast and 80 meter interference. 

All this performance is packed into a small 3” x IV 2 ” x 6” die cast 
aiuminlm case with UHF (SO-239) connectors. 

The unique Palomar Engineers circuit eliminates the complex bandswitch¬ 
ing and tuning adjustments usually found in VLF converters. Free 
descriptive brochure sent on request. 

Order direct. VLF Converter $55.00 postpaid in U.S, and Canada. 
California residents add sales tax. 

Explore the interesting world of VLF. Order your converter today! Send 
check or money order to: 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 



















ALL-MODE VHF 
amplifiers 



FOR BASE STATION & REPEATER USE 




All units: Harmonics exceed 
- 60 dB specification of FCC 
R&O 20777 


☆ 143-149 MHz No Tuning 
* AM - m - CW - SSB 
tV Low Harmonics 
ft Heavy Duty 

No Power Supply Needed 
ft Illuminated Panel Meter 
ft + 13.5V/3 Amp Socket 


* 115 or 230V AC 

* 60dB Spurious 

ft Fully Protected Output 
ft Internal T/R Switch 

* ILS. Manufactured 

ft 19" Rack Panel Option 
☆ Size 8-1 /2 x 13 x 7 V H 


Only two things are needed to put this power house on the air wilh your 
handy-talky or mobile transceiver: a iwo fool piece of coaxial cable and a 
115 or 230 volt AC outlet. That's all. You do not need anything else. The 
mobile transceiver can be powered directly from the accessory socket 
located in the rear panel of the RFPL amplifier. II puts out + 13.5 volts at 3 
amperes. This is suflicient for powering mosl 15 wall transceivers. 


DEALER INQUIRIES INVITED 


RF POWER LABS, INC. 


PUWFR U013 IlSlhPlocoN E * Kirkland. Wafthimjlcxi • Totophone; I2<*>»22 12*1 • ftLCx No 32104? 

IjABS 


DIPOLE /ANTENNA CONNECTOR 

feT '■MYEQUt (HQ i) dipole connectoi Kit 
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[ Idlird platlic body lo accept coai 

1 ei plot: ««• Drip tap kpcp» 

r / T r.iiixantort! At r r.i*r ni 


BUDWIG MFG. Do. 


PO Du* 9?H. CA 


K-ENTERPRISES 

Frequency Counters Power Supplies 

Prescalers Amplifiers 

Marker A Peaking: * Frequency 

Genera tors Standards 

Write lor Free Catalog 

Box 410 (Pump Sla. Rd.) Fairland, OK 74343 ; 
Phone: 918-676-3752 


ALL BAND TRAP ANTENNAS 






ALL 5 BAND OPERATION - ONLY ONE FOR ALL MAKES AMATEUR HF TRANS¬ 
NEAT SMALL ANTENNA. FOR CONGESTED VtlTTERS - TRANSRECEIVERS - GUARAN- 

HOUSING AND APARTMENT DWELLERS! TEED FOR 2,000 WATTS PEP POWER 

LIGHT, NEAT - ALMOST INVISIBLEI FOR NOVICE AND ALL CLASS AMATEURS! 

COMPLETE Ready to put up with 30 ft. Dacron end support cords! Wt. 3 lbs., 1"X 5” MOLDED 

RESONANT TRAPS -Just switch your transmitter to desired bond for EXCELLENT PERFORMANCE! 
NO TUNERS OR BALUNS NEEDED! CAN BE USED IN ATTICS. TOPS OF BUILDINGS. IN VERTED 
Vs IN MINIMUM SPACE. NO CENTER SUPPORT NEEDED. NO HAYWIRE HOUSE APPEARANCE 
COMPLETELY ASSEMBLED. No tuning - cutting - soldering - mcosurlng - JUST HANG IT. AND 
USE ITI SWR IS 1.2 AT RESONANCE THOUSANDS IN USE - EASIEST INSTALLATION! 
80-40-20-15-10 meter bands---102 ft. with 30 ft. RG5BU eonx - connector-Model 998B U. . .$49.95 
40-20-15-10 meter bonds---54 ft. with 90 ft. RG58U coax - connector -Model 1001BU, . . $48.95 

20-J5-I0 meter bands-— 26fl. with 90 ft. RG58U coax - connector - Model JOO70U.$47.95 

Send only $5.00 (cash, ck., mo.) and pay postman balance plus COD postoge OR SEND FULL PRICE 
FOR POST PAID DEL. IN USA (Canada is $5.00 extra) or order by MAIL OR PHONE with Bank- 
Amoricnrd VISA - MASTER CHARGE - OR AM EXP. Give number and ex. date. Ph 1-308-236-5333 
week days. We ship In 2-3 days. INFLATION? PRICES MAY INCREASE - SAVE - OROER NOWI 
INFO. AVAILABLE FROM. WESTERN ELECTRONICS Dept. AH-6 Kearney, Nebraska. 68847 



brands carried by Tandy Computers 
are Radio Shack's TRS-80, the 
IMSAI 8080, Vector 1 and 1 +, Xitan, 
Equinox 100, Polymorphic System 
8813, and many others offering be¬ 
ginners, hobbyists, educators, and 
business users a wide selection from 
which to choose. 

In addition, the store carries a com¬ 
plete selection of microprocessor 
mainframes, peripherals, software, 
printed-circuit accessories, discrete 
parts, and literature. The new store 
also offers programming assistance 
and on-premises computer service 
by skilled technicians. 

Copies of the new Tandy Com¬ 
puters 1978 Catalog are available by 
telephoning toll-free 800-433-1679, 
by writing to Tandy Computers, 
Dept. R7, P O. Box 2932, Fort 
Worth, Texas 76101. 

amphenof solderless 
coax jack assembly 



A new Amphenol in-line UHF coax 
cable jack that can be installed in 
seconds without special tools or sol¬ 
der has been announced by the RF 
Operations of Amphenol North 
America Division, Bunker Ramo 
Corporation. Developed as a follow¬ 
up to last year's introduction of the 
Amphenol no-solder PL-259 connec¬ 
tor for RG-58/U, the new companion 
in-line splice jack also uses the in¬ 
novative FCP termination approach, 
resulting in an extremely fast cable 
termination — less than 20 seconds. 

Whenever an in-line antenna or 
hookup coax cable splice is needed, 
the user has only to strip the cable. 
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insert the center conductor into the 
back of the connector, and slide the 
ferrule into place. Once accomplish¬ 
ed, termination is complete. The re¬ 
sult is a handy, in-line SO-239 re¬ 
ceptacle that will directly accept any 
PL-259 plug. All need for a second 
PL-259 connector plus PL-259 to 
PL-259 adapter has been eliminated. 

Called the Amphenol UHF Cable 
Jack 83-58FCJ, the new device easily 
handles all power levels up to maxi¬ 
mum ratings of the RG-58/U coax 
cable itself. The 83-58FCJ connector 
adapters have a frequency range of 
0-300 MHz, and a voltage rating of 
500 volts peak. And, unlike conven¬ 
tional solder connection techniques, 
the 83-58FCJ can be easily disas¬ 
sembled and reused. It also has 
standard 5/8-24 threads for simple, 
screw-on mating with conventional 
UHF plugs. 

Manufactured by Amphenol ex¬ 
clusively in the United States, the 
new jacks are machined from brass 
rod stock and plated with Astro - 
plated, lustrous, non-tarnish finish. 
For more information, contact Bun¬ 
ker Ramo Corporation, 33 East Frank¬ 
lin Street, Danbury, Connecticut 
06810. 

turner personal 

communications 

catalog 

The Turner Division of Conrac Cor¬ 
poration now has available a newly 
revised personal communications cat¬ 
alog. The catalog is all inclusive, con¬ 
taining Turner's entire personal com¬ 
munications product line. Twenty- 
eight pages in size, the new catalog 
has sections on microphones, stain¬ 
less steel antennas, fiberglass anten¬ 
nas and accessories. Previously, 
Turner had separate catalogs for each 
product line. 

The four-color catalog features a 
section on Turner's new no-solder 
microphone connector program, 
"The Turner Connection." The cata¬ 
log contains general information and 
engineering specs to aid the distri- 
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in solid state 


INTRODUCES THE 
VERSATILE 
NEW 



HR-312 


© 1976 


More Channels...at the flip of a switch 

Unlock the unique mode switch and 12 channels 
become 144 

More Sensitivity, Less Interference. 

.25 mV Sensitivity plus 75 db adjacent channel 
selectivity and 70 db image rejection 

More Power Out 

35 watts nominal with a minimum of 30 watts 
across the band 

... for a lot less 

$20goo 

^ Amateur Net 

e4\CAJ ELECTRONICS. INC. 7707 Records Street 

* Indianapolis, Indiana 46226 




THE FM LEADER 
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2 METER $9 220 
6 METER Aim 440 MH Z 
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AMECO • ARRL BOOKS • ASTATIC • B & W • BEARCAT 
• CALLBOOK • CDE HAM III • CUSHCRAFT * DENTRON 
• HALLICRAFTERS • HV-GAIN • KLM • LARSEN 
• MALLORY • J. W. MILLER • MOSLEY • SAY POWER 
SUPPLIES • SHURE • W2AU BALUN • MORE TO COME! 

Orlando's Most Complete Stock of Electronic Hardware 
Diodes • Integrated Circuits * Variable Capacitors * Connectors * Audio Cables 


Transistors 

* Variable Resistors • Antenna Wire 

• Ceramic Insulators • and much more 


* RG-8/U Coax (foam) • Rotor Cable 


LAFAYETTE RADIO ELECTRONICS 

1811 N. HWY 17-92, MAITLAND, FL. 32751 
(Near Orlando) 

305-831-2271 



from DRAKE 


Qlad you asked ... 


TR-7 SYSTEM: 

The new TR-7 System is an addition to the Drake line. The 
Drake C-Line with its accessories is continuing to be produced. 

The TR-7/DR-7 features continuous reception from 1.5 thru 30 
MHz and transceive 160 thru 10 meter Amateur Bands. For 
reception from 0 thru 1.5 MHz use the optional AUX-7 Range 
Program Board and an RRM-7 Receive Module for each 500 
kHz segment to be covered. Each RRM-7 plugs directly into the 
AUX-7 board and is selected from the front panel. 

Out-of-band transmit for MARS, etc., is accomplished by 
plugging an RTM-7 Transceive Module into the AUX-7 for each 
500 kHz segment to be covered, Proof of license is necessary to 
purchase transceive modules. 

The MN-7 Antenna Matching Network covers the Amateur 
Bands from 160 thru 10 meters; matches balanced lines, long 
wires, and coax-fed antennas; features a built-in RF Wattmeter/' 
VSWR Bridge; and has complete switching functions. 

The MN-4C Antenna Matching Network offers the same 
features, but is styled to match the 4-Line/C-Line. 

CIV-3 SYSTEM: 

The UV-3 System is fully synthesized to 5 kHz on each of the 
bands it covers. Among other firsts, it is presently the only rig in 
the world synthesized on 440 MHz fm. 

There is a separate SO-239 Coax Connector for each band, so 
a choice of antennas may be used. 

Extra fixed channels and special offsets are diode-program¬ 
mable, so crystals are not necessary at all. 

These thoughts of interest are provided by Drake, 

“The Newsmakers"’ 


to wcetve a FAFF Drnko Full Lino Catalog, pfea&v send name and date of this publication to 


R. L. DRAKE COMPANY 


540 Richard Sired, Miamisburg, Ohio 45432 • Phone (513) 866-2421 • Telex 288-017 

Western Sales and Service Center, 2020 Western Street, Las Vegas, Novada 89102 * 702/382-9470 


butor/dealer in promoting Turner 
products. 

This new catalog encompasses 
all the changes and additions that 
Turner has made to its personal 
communications product line so that 
it is an up-to-date promotional tool 
as well. For more information, write 
to Turner, 716 Oakland Road, North 
East, Cedar Rapids, Iowa 52402. 

high-power VHF 
mobile antennas 



I 


A line of mobile antennas with high 
power ratings, covering the six and 
two-meter frequency ranges, has 
been introduced by Antenna Incorpo¬ 
rated. The six-meter antennas feature 
200-watt loading coils; the two-meter 
antennas are available with either 150 
or 200-watt loading coils. They are 
available with 3/4-inch toggle 
mounts, cowl mounts, and no-hole 
trunk-lip mounts. Also available are 
100-watt models with either the same 
mounts, or with 3/8-inch snap-in, 
spring-clip gutter, and magnet 
mounts. Loading coils are tuned at 
the factory to achieve a standing 
wave ratio of 1.5:1 or less, and each 
antenna includes a cutting chart so 
the whips can be field trimmed to 
exact frequencies. 

Each antenna features a plated 
stainless steel whip for low resistivity 
to combat skin effect, stainless steel 
impact spring, shock-resistant and 
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weatherproofed PVC-wrapped load¬ 
ing coil, and 17 feet of coaxial cable 
with a soldered PL-259-type con- 
nector. 

The 200 watt two-meter antennas 
also feature Antenna Incorporated's 
new high-power coaxial cable. While 
the 150 watt high-band and 200 watt 
low-band antennas include RG/58-U 
cable, this cable cannot safely handle 
200 watts of power on two meters. 
Antenna Incorporated's high-power 
cable has performance characteristics 
similar to RG-8/U, but in a smaller 
size, thus eliminating the problems of 
using the larger cable in mobile appli¬ 
cations. 

"These antennas also are part of 
Antenna Incorporated's professional 
land mobile line and have been de¬ 
signed to meet the needs of high 
power communications users," sales 
manager Randall Friedberg said. 
"They offer the amateur the best in 
antenna quality and dependability." 

For further information on the 
company's complete line of com¬ 
munications antennas and acces¬ 
sories, contact Randall J. Friedberg, 
Antenna Incorporated, 23850 Com¬ 
merce Park Road, Cleveland, Ohio 
44122. Phone (216) 464-7075. 

hallicrafters H2M-1000 
two-meter transceiver 

Hallicrafters Company, a long-time 
manufacturer of amateur radio equip¬ 
ment and systems, has announced 
the introduction of its new two-meter 
PLL frequency synthesized multi- 
mode transceiver. Hallicrafters' new 
H2M-1000 is designed to operate in 
fm, usb, Isb, and CW modes. In the 
fm mode, the H2M-1000 provides 
800-channel coverage (5 kHz steps) 
and a vxo variation of ± 7 kHz in the 
ssb/CW modes. The H2M-1000 also 
features simplex and repeater off¬ 
sets of ± 600kHz and ±1 MHz for fm. 

The H2M-1000 provides easy read¬ 
out with a six-digit, seven-segment, 
light-emitting diode (LED) frequency 
display in the fm mode and five-digit 
display in single sideband (ssb) mode. 




Your 

Most Called Numbers 

with a 

ngle Key Punch! 

Now you can dial up lo 4 8 complete 7 or 
8-digit phone numbers by punching only 
one (or two) Keys on your pad. 
The AD-1 Aulo Dialer s t O number capacity 
RAM can be completely programmed Irom 
its own pad in less than a minute. 
The optional field - installable lactory-programmed 
PROM adds 8 more numbers for $4.95. 
The AD-1 is ideal for mobile autopatches, 
home or business use. II leatures a 
unique MOS microprocessor which 
permits both tone duration and spacing 
lo be programmed along with the num¬ 
bers. adding versatility for repeater or 
similar control functions. Its crystal controlled 
tone generator assures high stability over 
a wide temperature range. The AD-1 is fully 
automatic and foolproof in operation . Coil cord 
provides convenient connection to your rig. See it at your 
Amateur Radio distributor or use Ihe coupon below today. 


Advanced Electronic Applications, Inc. 

P.O. Box 2160, Lynnwood, Washington 98036 

Available From The Following Fine Dealers - 


Long’s Electronics 

2808 Seventh Avenue South 
Birmingham, AL 35233 

1206) 252-7569 
(205)252-6065 

Power Communications 
6012 N 27lh Avenue 
Phoenix, AZ8S017 

(002)242-6030 

Henry Radio, Inc. 

931 N. Euclid 
Anaheim, CA 9280 7 

|714) 772-9200 

Ham Radio Outlet 

2620 W La Palma 
Anaheim, CA 92801 

(714)761 3033 
1213)860-2040 

Ham Radio Outlet 

999 Howard Avenue 

Burlingame, CA 94010 

(415) 342 5757 

Henry Radio, Inc. 

11240 West Olympic Blvd 
Los Angeles, CA 90064 

(213)447-6701 

Ham Radio Outlet 

5375 Kearny Villa Road 

San Diego, CA 92123 

(714)560 4900 

or use coupon below 


Ham Radio Outlet 

13754 Victory Boulevard 
Van Nuys, CA 91401 

(213) 988-2212 

Amateur Electronic Supply 

621 Commonwealth Avenue 
Orlando, FL 32803 

(305) 894-3238 

CW Electronics 
1401 Blake Street 
Denver , CO 80202 

(303) 893 5525 

Erickson Communications 
5935 North Milwaukee Avenue 
Chicago, Illinois 60646 
1312)631 5181 

Tults Electronics Radio 
209 Mystic Avenue 
Medford, MA 021 55 

(617)395-8280 

Electronic Distributors 
1960 Peck Street 
Muskegon, Ml 49441 

t6» 6) 726-3196 

Henry Radio, Inc. 

211 North Main Street 

Butler, MO 64730 

(816)679-3127 




Advanced Electronic Applications, Inc. 

P O Bo* 2160. Lynnwood. Wash.ngton 98036 

Name ___.Cali__ 

Address _ 

City_ 

Slate _Zip_ 


Conley Radio Supply 
318 North 16th Street 
Billings, MT, 59101 

(406) 259-9554 

Communications Center 
2226 North 48lh Street 
Lincoln, HE 68504 

(402)486 8402 

Universal Amateur Radio 
1 280 Aida Drive 
Reynoldsburg, OH 43068 

(614)866-4267 

Amateur Electronic Supply 

28940 Euclid Avenue 
Wickllffe, OH 44092 

(216) 565 7388 

Kennedy Associates 
2618 Rigsby Avenue 
San Antonio, TX 78222 

(512) 333 6110 

C-Comm 

6115 15lh Avenue, NW 
Seattle, WA 9Q107 

(206)704-7337 

G. D. S. Electronics 
West 3711 Strong Road 
Spokane, WA 99208 
(509)328-0133 
Amateur Electronic Supply 
4828 West Fond du Lac Avenue 
Milwaukee, WIS3216 
(414)442-4200 


_AO-1 Auto Dialers a I $129 95 


Please send_ 

NOU Mail unjets add $2 00 shipping handling; Washington 
residents include 5.4% state sales lax 

□ Check yt mohi-, o'dCf lot $ ____em 


□ Charge my VISA/Mastei Chaige #_ 

Card exp it at ion date . . 

Sifinaloic......_ 
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MFJ INTRODUCES A NEW 

24 HOUR DIGITAL CLOCK 

with HUGE 1-5/8 inch di oits that you can keep set to GMT. 
Alarm and snooze functions let you use it as an ID Timer. 
Assembled, too! 



? 29 * 


MFJ Enterprises brings you a new 24 hour 
digital alarm clock with HUGE 1-5/8 inch orange 
7 segment digits that you can see clear across 
the room. 

This one is strictly lor your ham shack, one 
that you can leave set to GMT No more mental 
calculations to get GMT. 

Use the alarm to remind you of a SKED or 
with the snooze function as an ID timer to buzz 
you in 8 minute intervals. 

A constantly changing kaleidoscopic pattern 
indicates continuous operation. 

Beige. 2-1/4 x 4 1/8 x 8 3/4 Inches. UL listed. 
Requires 120VAC, 60Hz. 

Order from MFJ and try it — no obligation. If 
not delighted, return it within 30 days tor a re- 


lund {less shipping). One year limited warranty 
by MFJ Enterprises. 

To onler, simply call us toll free 800-647-8660 
and charge it on your VISA or Master Charge 
or mail us a check or money order for $29.95 
plus $2.00 for shipping and handling. 

Don't wait any longer to enjoy the convenience 
of a "Hams Only" clock. Order today. 

MFJ ENTERPRISES 

P. 0. Box 494 

Mississippi State, MS 39762 

Call Toll Free .... 800-647-8660 
For order status and repair status and in 
Mississippi, caff 601-323-5869. 


The SEVEN-SYSTEM , s all you need! 


DRAKE TR-7 

An Engineering Breakthrough tor the finest 
in Solid-State Transceiver performance. 


Covers 10-160 meters* 
Frequency Counter to 150 MHz 
with digital option 


Up*converslon receiver lor 
superior dynamic range 
True passband tuning 


Matching 

Accessories: 

Remote VFQ 
Matching Speaker 
Digital read-out board 
120/240-von wide-range 
power supply 


Broadband, solid-state design 
Designed & manufactured 
inU.S.A. 


AM titter 
RTTY filler 

2CW litters. 300 Hz, 500Hr 
Fan {lor RTTY) 

Noise blanker 


Programmable auxiliary coverage 
250-watt Input with full VSWR 
protection 


Synthesized PTO 
CWSSBHTTYAM capability 


Independent receive selectivity 
Built-in VSWR/watt/S-moter 


Mobile mount 
Antenna tuner/wattmeler 
Wattmeter/VS WR bridge 
Aux-7 Expanded receive 
Capability 


'includes capability lor MARS. Embassy, and Government trequencies. and possible lulure Amateur-Band expansion Receiver 
coverage continuous Irom 1 5 - 30 MHz. and 0 - 1 5 MHz with Aux-7 

Call Now to find out how easy it is to put a new DRAKE TR-7 in your shack. 

Hams Serving Hams Since 1939 

ELECTRONIC DISTRIBUTORS, INC. 

I960 PECK STREET MUSKEGON, MICHIGAN 49441 

TELEPH ON E (616) 726-3196 TELEX 22-8411 


The H2M-1000 can be operated on 
either ac or dc and has two panel 
meters; a combination S and rf 
power output plus a discriminator 
meter. The rf power output is in ex¬ 
cess of 10 watts in the high-power 
mode and one watt in low-power 
mode. Other features include a noise 
blanker switch, an age recovery 
switch (standard and slow age), 
mike gain control, a built-in vox, and 
receiver incremental tuning (RIT). For 
additional information, contact the 
Hallicrafters Company, 2501 Arkan¬ 
sas Lane, Grand Prairie, Texas 75051. 


hammond diecast 
utility boxes 



Hammond Manufacturing has in¬ 
troduced two new water and corro¬ 
sion-resistant utility boxes, 12.5 x 7.9 
x 5.6 cm (4.9 x 3.1 x 2.2 inches) and 
22 x 12 x 7.9 cm (8.7 x 4.7 x 3.1 
inches). Diecast in an aluminum al¬ 
loy, they have an exceptionally good 
finish, unmarred by closure screws 
which have been recessed into the 
lid. The color is baked on Hammer- 
tone Grey enamel. 

Sealing is facilitated by an inter¬ 
locking flange and neoprene rubber 
ring inset in the lid. Both models 
come with two bolt holes outside of 
the sealing ring and concealed be¬ 
neath the lid for attractive and secure 
mounting of the box. Electrical, rf 
shielding, and environment protec¬ 
tion are some of the many applica¬ 
tions for these products. For more in¬ 
formation, contact Larry Humphries, 
Hammond Manufacturing Com¬ 
pany, Inc., 385 Nagel Drive, Buffalo, 
New York 14225. 
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a second look 

by Jim Fisk 



In our modern day world of solid-state electronic gadgets and centralized urban living, it's the 
rare amateur who hasn't been troubled at one time or another by interference complaints. As often 
as not the interference is caused by some other source, but if you have a tower in your backyard, 
you're a likely suspect and the first one to whom they turn when the local taxicabs (or whatever) 
tear up your neighbor's favorite television show or come booming through their quadraphonic stereo 
system. 

As I have mentioned in this column several times in the past, the problem can be effectively cured 
only by proper design and construction of home-entertainment equipment at the manufacturing 
level. The consumer electronics business is highly competitive, however, so the manufacturers are 
reluctant to add filtering and lead bypassing that would increase the sales price of their equipment. 
For many years the manufacturers contended that less than 5% of home entertainment equipment 
operated in an rf environment which required special attention — but with the proliferation of two- 
way radio systems as well as higher power a-m and fm broadcasting stations and high-speed digital 
systems which can cause interference, I doubt that many consumers would agree. 

Several bills have been introduced into Congress which would give the FCC authority to regulate 
the manufacture of home-entertainment devices to reduce their susceptibility to interference from 
nearby radio transmitters, but none have passed. Now Senator Goldwater is sponsoring a Bill which 
would require better RFI rejection; the Bill, S-864, has been referred to the Senate Subcommittee on 
Communications and hearings began in Washington on June 14th. Among those invited to testify 
were the ARRL, FCC, Institute of High Fidelity, and Heath. Although there's no chance that the 
Goldwater Bill will make it to the Senate floor during this session, the hearings will help pave the way 
for speedier action on future RFI legislation. 

Consumers are becoming increasingly aware of the RFI problem, so the time is right for legisla¬ 
tion such as that proposed by Senator Goldwater. Radio amateurs have known for a long time that 
the majority of RFI problems are not due to interference perse, but are caused by the interception of 
signals by devices which were not designed to operate in today's strong rf environment. The only 
way to eliminate 90% of the RFI problems is through legislation such as S-864 which would eventual¬ 
ly require the manufacturers to correct those design deficiencies which lead to unnecessary inter¬ 
ference. 

Individual amateurs can help toward the eventual passage of a bill requiring better RFI rejection by 
letting their Senators know of their support for S-864, particularly if one of their Senators is a sub¬ 
committee member. In addition to Chairman Hollings (South Carolina), the members are Griffin 
(Michigan), Magnuson (Washington), Cannon (Nevada), Inouye (Hawaii), Ford (Kentucky), Durkin 
(New Hampshire), Zorinsky (Nebraska), Riegle (Michigan), Stevens (Alaska), Packwood (Oregon), 
Schmitt (New Mexico), and Danforth (Missouri). Letters to the Senators addressed to the United 
States Senate, Washington, D.C. 20510, will reach them promptly and may help considerably. 

The letters do not have to be long, although background information on your (or your neighbors') 
RFI problems could be important. Even a note to the effect that you support S-864 would be a val¬ 
uable contribution. Remember that previously introduced RFI legislation never made it through 
Congress — now that Senator Goldwater has started the ball rolling again, let's make sure it has 
enough momentum to become law. Now is the time to lend your support to this vital effort; write 
today and make your voice heard. 

Jim Fisk, W1HR 
editor-in-chief 
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NEW 10 18, AND 25 MHZ AMATEUR bands were all proposed in the FCC’s WARC 79 eighth 

Notice of Inquiry released in early May. On the negative side, the Commission pro¬ 
posed shifting 50 kHz from the top end of 80, and the bottom 60 kHz of 160, to the broad¬ 
cast service, but also proposed that all the HF Amateur bands (except for part of 160) 
be exclusively Amateur throughout the rest of the world. Specific FCC proposals for the 
Amateur Service: 

160 Meters: 1800-1860 kHz, Region 3 only (shared); 1860-1900 exclusive Amateur 

worldwide; 1900-2000 shared 
3500-3950 kHz (loss of 50 kHz) 

6950-7250 kHz (shifted down 50 kHz) 

10.1-10.2 MHz (new) 

14.0-14.35 MHz (unchanged) 

18.068-18.168 MHz (new) 

20.95-21.45 MHz (50 kHz added at low end) 

25.11-25.21 MHz (new, moved from 25.76 proposed in the fifth NOI 
at the request of Radio Astronomy) 

28.0-29.7 MHz (unchanged) 

Arguments By Amateurs were responsible for the new 10 and 18 MHz bands, the Commission 
noting thatthey were w so strongly requested and justified in the Service Working Group 
report while reducing the overall impact on the fixed services..." 

These Proposed Bands are far from firm, however. There is a mention in the text that 
the Executive Branch will not support the 6950-7000 and 20950-21000 kHz slots or allow 
the Amateur Satellite Service to use 1250-1260 or 5660-5670 MHz (which in addition to 
2390-2400 MHz, 76-81, 165-170, and 240-250 GHz, were included as a footnote with 435- 
438 MHz). The Amateur Satellite Service was also given "primary" status on the new 
13-meter band. 


80 

Meters 

4TT 

Meters 

W 

Meters 

W 

Meters 

17 

Meters 
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CREDIT FOR PASSING THE CW exam can now be retained by an FCC license applicant even 
though he failed the written test; the Commissioners agreed to allow an applicant such 
credit for up to one year after he takes an exam. To receive the CW credit the appli¬ 
cant will be given an FCC Form 845 by the Field Office at the time of the exam. He turns 
it in when he returns for another try and receives credit for the CW portion of the exam. 
Form 845 will be honored only by the Field Office that issued it. 

Ex-Novices, Whose Licenses expired less than a year ago, will be eligible to apply 
for reinstatement just TTKe any other Amateure licensees. This provision is a result 
of the FCC’s recent rules change making Novice licenses good for five years and renew¬ 
able. Any former Novice, whose license expired after May 15, 1977, can submit a Form 
610 (within one year of his original expiration date) and regain his license for a full 
five years — without retaking an exam. 

General-Class Licensees are now permitted use of 50.0-50.1 MHz. The change brings 
General G-meter^ privileges in line with those of Technicians. 

AMATEUR RADIO’S RANKS GREW over 11 per cent in the past year, according to recent FCC 
figures. At the end of April, U.S. Amateur operator licenses numbered 337,959, compared 
to only 304,331 a year ago. Biggest growth was in the Novice Class, up 12,434 from last 
year at this time to total 58,016. Extra Class showed the next greatest percentage in¬ 
crease, up more than 20 per cent to 19,797, but every class showed healthy growth rates 
of 6 per cent or more. 

W2BXA RECEIVED SATELLITE DXCC number 1 when he arrived at ARRL Headquarters with cards 
proving he'd worked 101 countries via the OSCARs! W6VPH/VP5, VP2EFZ, and a special hand¬ 
made FO0XA card from the recent Clipperton DXpedition pushed Ben over the top. 

K5CM WORKED WA0LPK/KL7 FOR HIS 50TH 2-METER state in late April, becoming the second 
station to make WAS on 144 MHz. 

In Addition, 2-Meter Worked All States was achieved by N0JA and K9HMB several weeks 
later, thanks to N6NB/7, who” operated his portable moonbounce station from both sides of 
the Utah-Nevada border. 

THE WINNER OF THE GRAND PRIZE in the 1978 Sweepstakes , a Drake UV-3, the world’s only 
three-band vhf^fm transceiver, with ac power supply and encoding microphone, and an Atlas 
350-XL high-frequency transceiver package which includes a deluxe power supply console 
with speaker, digital clock, phone patch, speech processor, and electronic keyer, is 
Shelton Boles, WA5K0K, of Cleveland, Texas. Other happy winners in this year's Sweepstakes 
are Murray Fisher, W7NSU, who won an Atlas 350-XL with ac power supply, and David Richards, 
K1YGF, who is a proud new owner of a Drake UV-3 with modules for 144, 220, and 440 MHz. 
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general-purpose 

vhf receiver 


Design details 
of a 
receiver 
that covers 
the popular 
vhf ranges, 
in one 

convenient package 


Any uhf enthusiast can appreciate a receiver that 
monitors all vhf frequencies and modes in one small, 
convenient package. Alas, this sort of receiver 
doesn't exist in the amateur marketplace. For years 
at my station, a Collins 75A2 — supported by a be¬ 
wildering array of converters — did the job. Soon 
after my station was remodeled, I developed a strong 
desire to replace the large, unwieldy (and ugly) 
receiver rack with smaller and modern equipment. 
I'm an avid homebrewer always looking for new pro¬ 
jects to occupy limited time and pocket money, so 
plans for a new receiver were soon germinating. 

design features 

Hf operators and shortwave listeners alike have 
always enjoyed the convenience of general-coverage 
receivers, so why not something similar in nature, 
only intended for the vhf regions and tailored to 
today's needs for diversified vhf operation? Doug 
DeMaw 1 was on this track some years back when he 
described a tunable i-f receiver for use with convert¬ 
ers. While its abilities fell short of my receiving 
requirements, several weeks of daydreaming pro¬ 
duced on paper a receiver better able to meet my 
goals, which would incorporate the following 
features: 


By Peter J. Bertini, K1ZJH, 20 Patsun Road, 
Somers, Connecticut 06071 
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1. Four-MHz coverage, through a 26-30 MHz i-f 
range, to allow full reception of the 6-, 2- and 1-1/4- 
meter bands without changing converter crystals. 
Dial readout was desired to at least 1-kHz resolution 
with mechanical and electrical stability for smooth 
CW and ssb reception. 

2. Multimode detection for a-m, ssb, and fm with 
squelch to allow monitoring all the popular vhf 
modes. 

3. Several selectivity positions for mode compati¬ 
bility and operating convenience. 

4. All components self-contained in one neat pack¬ 
age including all converters, power supplies, and 
speaker. 

A pretty tall order to fill, and obviously some com¬ 
promises must be reached. Adequate coverage of 4 
MHz was best done in four 1-MHz segments, starting 
at 26 MHz and ending at 30 MHz. This allows for 
quick scanning across a band while maintaining a 
tuning rate comfortable enough for ssb reception. 
The range of 26-30 MHz was chosen for the i-f 
because many converters come equipped for this 
range and the i-f is also high enough for good con¬ 
verter image-rejection. 

Performance data for the basic receiver, covering 
the 26-30 MHz range, is presented in table 1. I'd like 
to point out that no pretense is made of using this re¬ 
ceiver as the nucleus for a moon-bounce, scatter, or 
other demanding station-receiver role. Those so in¬ 
clined will do better with a special-purpose receiver. 
Templates or board layouts are not available, and this 
receiver is not intended as a beginner's project. 

Schematics of the vhf receiver are shown in figs. 1 
through 10. The basic receiver, not considering the 
vhf converters, is a dual-conversion design using the 



Bottom view of the author's receiver. The two boards in the 
bottom right are the i-f amplifier and the age detec- 
tor/amplifier. In the upper left is the bfo/product detector 
board. Mounted on the left side of the main chassis are the 
a-m detector and squelch boards. Below and to tha right of 
the product detector is the audio amplifier board. To the left 
of the audio board is the fm limiter and detector. 

standard frequencies of 10.7 MHz for the first i-f and 
455 kHz for the second i-f. Motorola MFE 121 dual¬ 
gate mosfetswere used in the26-30 MHz rf preselector 
and in the first- and second-mixer stages. No peaking 
of the preselector is required across the range on any 
of the 1-MHz receiver bands. The vfo bandswitch 
also selects a set of preselector trimmers for each of 
the four bands; stagger tuning provides broadband¬ 
ing and uniform gain over each 1-MHz segment. 

The basic receiver input allows for direct monitor¬ 
ing of frequencies between 26-30 MHz should the 10- 
or 11-meter bands be of interest. Special attention to 


table 1. Performance data for the basic receiver. 


frequency coverage 

circuit 

sensitivity 

noise figure 
stability 

spurious responses 
i-f rejection 
dial accuracy 
IMD performance 
age range 
selectivity 
modes 
squelch 
vhf ranges 


26-30 MHz in four 1-MHz bands 

superhet. dual conversion; 10.7 MHz first i-f; 455 kHz, second i-f 
0.12 fiV detectable in a-m/fm mode; 

0.1 /iV detectable in ssb mode 
not measured — estimated at =2 dB 

after 1-hour warmup in stableatmosphere, less than 500 Hz per hour 
all greater than 50 dB down 
80 dB down 

1 kHz digital resolution. Dial mechanical backlash less than 200 H 2 

two 1 -mV signals separated 20 kHz required to produce a third order product equivalent to 1.5 jiV 
age action begins at 0.3 /A/; i-f distortion at 15 mV 

2 kHz, 4 kHz, 8 kHz, 16 kHz (13 kHz actual) 455 kHz filters. 10.7-MHz IMD filter is 13 kHz 
fm, a-m, ssb and CW detectors 

noise operated, all modes f-m generator and Hewlett-Packard 608D a-m generator used for performance analysis 
2-meter, 6-meter, 1-1 /4-meter, 430-434 MHz, 446-450 MHz coverage inboard; three external converter provisions 
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adequate shielding and power-line bypassing is en¬ 
couraged. The recent proliferation of 27-MHz CB 
units increases the likelihood of annoying i-f break¬ 
through from strong signals in the 27-MHz range. 
Converters feeding the receiver should be of low or 
near unity gain to preserve receiver dynamic range. 
Modern designs without rf amplifiers, especially 
those employing hot-carrier diodes in double-bal¬ 
anced mixers or mosfet mixer circuits , are ideal. Of 
course, you can use your own converters; but con¬ 
verters with excessive gain should be followed by 
an appropriate T-pad attenuator to prevent receiver 
overload. 

An alternative to the i-f attenuator pads to bring 
the converters to or near unity gain was suggested 
by Hamtronics . The Hamtronics C25-series conver¬ 
ters produce between 10-20 dB gain, depending 
upon the band and device alignment. 

The cascade front-end stage in the C25 converters 
is broadbanded; slight stagger tuning of these stages 
yields the desired 4-MHz bandwidth. However, the 
i-f output transformer at 28 MHz has a comparatively 
narrow passband. Resistive loading of the i-f trans¬ 
former primary broadens the i-f passband while also 


decreasing converter gain, which eliminates the need 
for external attenuators. The approach used on the 
C25 converters should be adaptable to other makes 
of converter that exhibit a restricted i-f passband and 
excessive gain. 

The Hamtronics-series converters designed by 
Jerry Vogt, WA2GCF, were used for the vhf conver¬ 
ter front ends of this receiver. Kits are available at 
modest cost. Three Hamtronics converters cover the 
three vhf bands: a P25-50 for 6 meters, a P25-150 for 
2 meters, and a P25-220 for 1 -1 /4 meters. 

Since the 3/4-meter band is 30 MHz wide, two uhf 
converters were needed to monitor this band ade¬ 
quately. One is for the 430-434-MHz DX segment; 
the other is for the 446-450-MHz range, covering the 
400-MHz fm repeater output channels for the north¬ 
east corridor of the U.S. These are unity-gain con¬ 
verters, and, when used without an external rf ampli¬ 
fier, don't require the T-pad i-f attenuators. 

Receiver use is not limited to amateur frequencies. 
Suitable converters provide many enjoyable hours 
monitoring commercial and military air traffic, police, 
radio-telephone, weather bulletins, municipal and 
federal government, and much other interesting vhf 



LI - L5 wound on 13 mm (0.5 in.) OD type E toroid cores 

LI 12 turns 0.5 mm fno. 24) wire 

L2 12 turns 0.5 mm (no. 24) wire 

L3 12 turns 0.5 mm (no. 24) wire 


L4 30 turns 0.5 mm (no. 24) wire 

L5 16 turns 0.8 mm (no. 22) wire; 

link to vfo is 1 turn 0.8 mm (no. 22) wire 
SI 6-pole, 4-position bandswitch (see text) 


fig. 1. Rf amplifier, first mixer, and vfo filter. The fets are MPF121, SK3050, or equivalent. 
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Top view of the receiver showing the rf amplifier and first 
mixer. 


activity. Even the hf frequencies can be up-con¬ 
verted, as DeMaw did in his '"Receiving Package,'" 
reference 1, to produce a truly all-band receiver. 

mixers and filter arrangements 

Vfo injection from 15.3-19.3 MHz is supplied to 
gate 2 of the first mixer, (an MFE/MPF121). A Piezo 
Technology Model 1433 crystal filter, which has 13- 
kHz bandwidth with a 10.7-MHz center frequency, 
follows the mixer and acts as an IMD filter, which 
protects the second mixer from strong out-of-pass- 
band signals. The 13-kHz bandwidth of this filter sets 
the maximum receiver selectivity. (It's electrically 
similar to the KVG XF9A filter.) 

A 10.245-MHz crystal-oscillator signal, mixing with 
the 10.7-MHz i-f signals in the second mixer stage 
(fig. 4), produces the455-kHz i-f. Four455-kHz Col¬ 
lins mechanical filters follow, which select the 
desired 455-kHz i-f bandwidth. Selectivity positions 
of 16, 8,4 and 2 kHz are provided by the four filters. 

The use of so many expensive mechanical filters 
may appear extravagant, but they permit versatility. 
The 4- f 8-, and 16-kHz filters were salvaged from a 
demolished R390A i-f strip purchased at a hamfest 
for $5.00. The 2.1-kHz filter was purchased at 
another for only $18.00. A 2- or 3-kHz filter will serve 
the majority of ssb and CW vhf requirements, and a 
simple LC bandpass filter, made up from i-f trans¬ 
formers, will be adequate for fm or a-m reception if 
inexpensive mechanical filters aren't readily avail¬ 
able. Note that in this receiver, the 16-kHz filter pass- 
band is limited to 13 kHz by the selectivity of the 
Piezo Technology filter. A 20-kHz, 10.7-MHz filter 
would have improved this situation, but I used mater¬ 
ials on hand. The additional cost of a new filter was 
not justified. 

The vfo (fig. 2) operates in the 15.3-19.3-MHz 
region in four bandswitched 1-MHz segments. 
Mechanical rigidity and electrical stability are para¬ 
mount watchwords for a vfo working this high in fre¬ 
quency. Careful mounting of all vfo components and 
elimination of chassis flexing and dial backlash are 


important for good vfo performance. The chassis 
was rigidly reinforced. The Eddystone dial assembly 
serves admirably. 

The use of polystyrene caps and good-quality cer¬ 
amic coil forms and trimmers help contribute to vfo 
stability. The vfo, built on 3-mm-thick (1 /8 in.) glass- 
epoxy board, was mounted beneath the receiver 
away from heat-producing components and drafts. 
The jfet oscillator is powered by a dedicated 5-volt 
regulator; the low voltage was helpful in reducing 
drift from rf component heating. The end result is a 
vfo exhibiting freedom from microphonics and drift, 
which permits extending monitoring periods without 
frequent and annoying retuning. 

Extensive filtering of the vfo second harmonic was 
necessary after a problem surfaced during monitor¬ 
ing of 29.6 MHz. Instead of amateur signals, several 
local CB operators were heard. When monitoring 
29.6 MHz, the vfo second harmonic is at 37.8 MHz. 
When mixed with the 27.1-MHz CB signals spurious 
responses were produced at 10.7 MHz, the first i-fl 

frequency counter 

Despite the excellent performance of the Eddy- 
stone 898 dial, the 1-MHz spread didn't permit the 
desired 1-kHz dial resolution, partially because of the 
physical limitations involved and also because of 
small inconsistencies in linearity between band seg¬ 
ments caused by the bandswitched vfo circuit. 

An ideal solution would have been a counter com- 



C3 27 pF NPO (17.3/18.3 MHz vfo; 28/23 MHz receiver) 

C4 not used (18.3/19.3 MHz vfo; 29/30 MHz receiver) 

LI - L4 9.5 mm (3/8 in.) OD core ceramic. 7 turns 0.6 mm (no. 22) 
enamel wire 

fig. 2. Vfo and buffer amplifiers. 
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puting the vfo, bfo, hfo, and vhf converter oscillator meaningless. Of course, even a 1-kHz readout re¬ 
frequencies to give an exact frequency readout. The quires careful frequency setting and regulated power 

cost and complexity of such a counter, and the likeli- supplies. 

hood of generating spurious signals from the counter The basis for the counter was a circuit in the 

circuits, quickly ruled it out. The decision was made January 1976 issue of ham radio. 2 Its simplicity, small 

to use a counter, but to count and display only the size, and low cost made it appealing for this applica- 

vfo frequency (fig. 3). Up to the tens of kHz position, tion. It's built on a small 102 x 102 mm (4x4 in.) 

there is a direct correlation between the vfo and op- square of glass epoxy vectorboard and is sandwiched 

erating frequency, so a two-digit display supplies a between two aluminum plates that provide shielding 

direct readout of the tens of kHz and the receiver op- and a ground plane for the counter. No birdies from 
erating frequency (in kHz). Above 10 kHz, the Eddy- the counter were heard in the finished receiver, 

stone dial-calibration points and bandswitch position I used an MD-640 incandescent 7-segment display 

supply the hundreds of kHz and MHz readings. It's in place of LED displays. The MD-640s are brighter, 
easy to include a third display for hundreds of hertz, cheaper, and don't require current-limiting resistors 

but remember that, unless the other conversion for each segment as in the case of their solid-state 

oscillators are extremely accurate and set on fre- counterparts. The display was also more uniform 
quency, the cumulative error makes this resolution than that produced by most bargain-basement LED 


960 9/0 V cc 



fig. 3. Frequency display. 1C numbers refer to the article in the January, 1976, issue of ham radio (reference 2). 
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Overall top view of the receiver. The i-f filters are mounted 
in the upper left. The ICs for the counter are mounted in the 
upper right. Note the shielding on both sides of the counter 
board. 

displays. A window for the readouts was carefully 
milled through the steel Eddystone dial plate. A piece 
of gray plexiglass behind the window provides con¬ 
trast for the display readouts. 

i f strip, age detector, and amplifier 

The output of the selected 455-kHz filter goes to 
our first 455-kHz stage, an MPF102 fet (fig. 5). This 
stage provides some gain and a good termination for 
the relatively high filter impedance, but primarily it's 
an age attenuator. 

The next two stages of i-f amplification employ 
two high-gain MCI 550 ICs. The i-f interstage trans¬ 
formers, from the Radio Shack general replacement 
line, are resistive loaded rather heavily for stability 
and to ensure the i-f amplifier is broadband enough 
not to restrict the broader selectivity positions. 
(While aligning the i-f amplifiers, it may be necessary 
to remove the loading resistors to see the peak at res¬ 
onance.) The last i-f amplifier is a single 2N3904 tran¬ 
sistor stage. It is not under age control and is design¬ 
ed to have sufficient output to drive the age detector 
and demodulators. 

A pair of germanium diodes in a voltage doubler 
rectifies the i-f signal and presents a proportional dc 
level to a 2N3053 dc amplifier. The 2N3053 provides 
an increasing voltage potential during periods of age 
action for reducing the MCI550 i-f stage gain and 
conversely, a decreasing dc potential for gain reduc¬ 
tion in the MPF102 i-f amplifier and MFE121 
preselector. 

A selectable RC time constant controls the age re¬ 
sponse; for simplicity the mode switch selects the 
age time constant appropriate for the mode selected. 


Age voltage is also used to provide the signal 
strength meter reference voltage. If the gains of all 
the converters are equalized, the meter may be cali¬ 
brated in microvolts instead of just providing a rela¬ 
tive signal-strength indication. My converter selector 
switch also provides age voltage to the converters, 
but external age was not advised for use with the 
Hamtronics converters. 

Ssb or CW reception is accomplished with a hot- 
carrier-diode product detector circuit inspired by 
another article. 3 The bfo is on the same board. 
Because of the high cost of 455-kHz crystals and the 
advantages of a variable bfo, the tunable bfo route 
was taken. Use of Radio Shack transformers was 
again made in the product detector and bfo circuits 
(fig. 6). Note that several volts p-p of bfo energy are 
required for diode saturation and proper operation of 
the detector. The bfo signal is amplified to prevent 
pulling and to develop ample bfo injection voltage. 
Recovered audio is clean sounding and not fatiguing, 
indicating low harmonic distortion from this circuit. 

The a-m detector (fig. 6) is simple and requires lit¬ 
tle explanation. A half-wave rectifier, consisting of a 
slightly forward-biased hot-carrier diode for im¬ 
proved low-level signal detection, rectifies and 
detects the a-m signal. A low-noise audio preampli- 



F1 - F4 Collins 455-kHz mechanical filters (2, 4, 8, and 16 
kHz used) 

IMD filter Piezo Technology model 1433; 6-dB bandwidth; 13 kHz 
LI wound on 13-mm (0.5 in.) OD type E toroid (red) core. 

26 turns 0.8 mm (no. 22) enameled wire; tap 10 turns 
from cold end 

SI 4-position, 2 poles; shield between wafers 

S3 filter switch; 2-pole, 4-position wafer 

fig. 4. Second mixer. 
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tier increases audio level. As with the product detec¬ 
tor, a-m audio is clean and pleasant sounding. 

fm detector 

The 455-kHz i-f signal directly feeds the fm detec- 
tor board, bypassing the mode-selector switch that 
feeds the a-m and ssb detectors (fig. 7) as selected. 
A single Motorola MC1355 i-f amplifier and limiter 14- 
pin 1C performs all fm signal-processing functions. 


hybrid module designed for use in their Tac-Tec 
series vhf-uhf fm portable communication radios 
(fig. 8). Unfortunately, the exotic device is available 
only directly from RCA or one of their authorized 
two-way service centers. Distributor cost is around 
$28.00; user suggested price is close to $38.00. 

The 432141 is noise operated. A 390-pF coupling 
capacitor from the recovered fm ratio detector audio 
provides the high-frequency audio noise components 



fig. 5. f-f amplifiers and age detector and ampfifier. 


Originally I had planned to use the Miller type 8806 
discriminator transformer with the MC1355, but after 
a two-month wait on a back order my distributor 
shipped me the 8805 ratio detector as a substitute. 
Minor circuit changes will allow use of either trans¬ 
formers with comparable results. 

Both the ratio detector and discriminator circuits 
provide a plus or minus dc voltage to indicate proper 
tuning of the received frequency. The detector will 
drive a zero-center microammeter directly. The meter 
I used had a zero-center, ±6 V movement. A dc op¬ 
erational amplifier was necessary to drive it. 

Center-tune meters are commonly associated with 
tunable fm receivers, although they're useful in tun¬ 
ing a-m signals as well. For this reason, and for 
squelch operation, the fm detector is operational in 
all modes and isn't affected by mode-switch position 
except for the selection of fm audio. 

The squelch circuit centers around a single RCA 


for squelch operation. A 50k front-panel pot allows 
setting the squelch threshold point. 

The design of the LM-380 audio amplifier (fig. 9) 
provides a convenient method of squelch control. 
One pin of the LM-380 is for optional bypassing of an 
internal voltage divider supplying operating bias to 
early amplifier stages of the LM-380. The squelch- 
gate output (pin 12) of the 432141 module, fig. 8, 
holds this bias point at ground to mute the receiver. 
Because of the dc-coupling design of the LM-380, a 
simple RC time constant between the squelch mod¬ 
ule and audio PA prevents an annoying speaker 
"pop" during squelch action. External receiver mut¬ 
ing is also provided by supplying an external ground 
to the same point on the LM-380. 

The versatile 432141 squelch module also has pro¬ 
visions for a time constant, provided by an RC net¬ 
work, to prevent receiver squelch action while receiv¬ 
ing rapidly fading signals from mobile stations. In this 
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NOTES 

/ p DENOTES POL TST TPENF CAPACITORS 

2 REO CORE DENOTES BROADCAST - BAND LOCAL OSCILLATOR CO/L 

3. MPFlOE SHOULD BE HIGH GRADE. A ?N54B6 CAN BE 

SUBSTITUTED. 

4. REDUCE FOR MORE AUDIO. 


fig. 6. Ssb beat-frequency oscillator and product detector, 
A, and a-m detector, B. 


receiver the time constants are mode-switch selected 
for best performance. A 120 microsecond squelch 
dropoff is used for a-m and fm signals; an appreciab¬ 
ly longer delay is provided for ssb signals. Pin 4 of the 
432141 module is an inverted-output of the pin-12 
squelch gate, which mutes the LM-380 audio PA. I 
used pin 4 to light a front panel call lamp through a 
dc amplifier to indicate band activity. 

Recovered fm audio is fed through an active audio 
filter in the 432141 module (3 dB gain) for conven¬ 
tional 6-dB-per-octave de-emphasis audio processing 
of the received signal. Note that pins not shown on 
the schematic for the 432141 module are active and 
are used for special applications of the RCA radios: 
quiet channel and fast mute. All unused pins should 
be unterminated. 

As the 432141 requires only 10 volts for proper op¬ 
eration, a 5-volt zener drops the 15 V dc supply bus 



to a suitable level. The RCA-module pins are not 
keyed; refer to fig. 8 for pin alignment. Caution: The 
chip can be installed 180 degrees around, and will be 
damaged if done so. 

Since the receiver could be used for casual moni¬ 
toring of various citizen and amateur services over its 
basic 26-30 MHz i-f tuning range, sensitivity and 
noise figure were contributing factors in its design 
criteria. More often than not, converters for frequen¬ 
cies above 400 MHz employ passive mixing devices, 
often without the aid of an integral rf preamplifier. 
Since these converters exhibit negative gain, not 
only does the mixer noise figure play a large role in 
system performance, but also the noise figure and 
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sensitivity of the i-f strip are important if optimum re¬ 
sults are to be realized. 

A single stage rf amplifier is used, using a Motorola 
MFE121 dual-gate mosfet (fig. 1). Age control over 
the RFA is through the dc biasing level on gate 2. A 
small ferrite bead directly on the gate-2 lead inhibits 
parasitic uhf oscillations. The 20-30 MHz input and 
output coils of the RFA are resistive loaded to im¬ 
prove bandwidth, stability, and to reduce front end 
gain. While the resistive loading provides sufficient 
bandwidth to allow operation over each 1-MHz range 
without cumbersome preselector tracking capaci¬ 
tors, additional trimmers are bandswitched on the 



fig. 8. Noise squelch circuit forfm, a-m, and ssb reception. 


lower three receiver ranges for proper RFA op¬ 
eration. 

A Minilabs MLA-1 double-balanced mixer was 
tried in the first version of the receiver. Exotic power 
fets for impedance matching, high local-oscillator-in- 
jection requirements, and cost soon eliminated this 
scheme. The old axiom "simplest is often best” was 
proven in the final circuit used for the first mixer. 
Another MFE121, using conventional gate-2 local-os¬ 
cillator injection, is employed. A ferrite bead again is 
required on gate 2, as in the RFA stage. Impedance 
transformation between the mixer output and the 
10.7-MHz filter is through a capacitive divider across 
the mixer output tank circuit. 

Vfo injection to the MFE121 mixer is filtered 
through a simple single LC toroidal stage, which 
reduces vfo harmonics and subsequent spurious 
receiver responses, as mentioned later. Because the 
vfo range covers 15.3-19.3 MHz in four 1-MHz steps, 
bandswitching of trimmers, as in the RFA stages, 
was required to resonate the filter on three lower 
ranges. The relatively low vfo injection frequencies 



and the desired high circuit Q prevented broadband¬ 
ing of this stage. As a solution, a 3-10 pF variable ca¬ 
pacitor mechanically linked to the vfo main tuning 
capacitor provides filter tracking with the vfo fre¬ 
quency. The purpose of the 2-18 trimmer in series 
with the vfo tracking capacitor (fig. 1) is to set a 1- 
MHz tuning range for the filter. 

During alignment considerable back-and-forth tun¬ 
ing and peaking are required to adjust the vfo ranges, 
tracking, and LC-filter range. 

The 10 pF capacitor coupling the LO injection to 
the mixer was empirically chosen. At 29.6 MHz, the 



The right-angle gear drive is used to select an l-f filter 
mounted on the top of the chassis. The four trimmers, 
behind the dial assembly, are used in the main receiver vfo 
to seiect the different frequency segments. 


24 OB july 1978 







fig. e O 
O- 

FIG. 6 O 


FROM A-M AUDIO (F!G.6)0~ 
FROMF-M AUDIO (FIG. SlO~ 
FR0MSS8 AUDIO (FIG. 6)0 


ro A -M DETECTOR (FIG. 6)0 
O 

TO SSS DE TECTORIFIC. 6) O 



O- 



CONVERTER POWER 


HF CONVERTER 

IO METER ANTENNA 

6 METER CONVERTER l~F OUT 

2 METER CONVERTER l-F OUT 

220 MH/ CONVERTER 

430 MHi CONVERTER 

446 MHi CONVERTER 

THREE EXTERNAL CONVERTER POSITIONS 


fig. 10. Power supply and switching arrangements. 


vfo operates at 18.9 MHz. The second harmonic of 
the vfo is 37.8 MHz. if sufficient 37,8-MHz harmonic 
energy reaches the mixer, signals at 27.1 MHz are 
readily converted to the 10.7 i-f output. If the coup¬ 
ling capacitor is too large the harmonic injection 
becomes excessive; if it's too low mixer gain suffers. 
My receiver (worst case) has close to 50 dB of spuri¬ 
ous rejection, or a 300-microvolt signal on the spuri¬ 
ous frequency will produce a signal equivalent to 1 
microvolt on the operating frequency. 

construction 

The photographs show placement and mounting 
of the major receiver components. The cabinet and 
chassis is a LMB type CO-1 enclosure. The five Ham- 
tron/cs converters were mounted vertically on alumi¬ 
num plates for space conservation and rf shielding. 
The two uhf converters were mounted on the left top 
side of the chassis, while the three vhf units flank the 
right side. The vfo counter is mounted vertically be¬ 
tween the front panel and the uhf converters; the 
counter board is sandwiched between two aluminum 
plates for shielding. The chassis center was used for 
the 28-MHz rf amplifier and first mixer. The board is 
recessed below the chassis for access to the band- 
switch assembly. 

Behind the S-meter and the 455-kHz Collins filters, 
another vertical shield supports the PC-board assem¬ 


bly for the 10.7-MHz IMD filter, second mixer, and 
the second conversion oscillator. 

The bottom of the chassis is dedicated to the 
power supply components, left rear; the 455-kHz i-f 
stages and age detector, right side; the vfo compo¬ 
nents, front center; multimode detectors, the 
squelch, and bfo, left front. 

The chassis was reinforced along the cutout for 
the 28-MHz front end to minimize chassis flexing. 
The vfo tuning-capacitor supports are of heavy- 
gauge metal for mechanical rigidity. The bandswitch 
assembly transverses the entire width of the chassis, 
front to rear. It was constructed from several disas¬ 
sembled switches salvaged from flea markets. Low- 
loss ceramic wafers are recommended. The first two 
wafers are for vfo bandswitching; the third is for the 
vfo injection-filter trimmers. Wafers 4, 5, and 6 are 
for rf amplifier bandswitching. L-shaped aluminum 
brackets were placed between wafer sections 2 and 
3, 3 and 4, and 5 and 6 for mechanical support and rf 
shielding. 
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subaudible 

tone encoders and decoders 


A review of the latest two-meter directory con¬ 
firms the impression I obtained from vacation trips 
and from amateurs visiting the greater Cleveland, 
Ohio area: Most amateur repeaters are still carrier ac¬ 
cessed. However, in localities where unoccupied 
two-meter pairs have become scarce and intermod 
problems on all bands more prevalent, some form of 
tone access is becoming more common. This situa¬ 
tion is particularly noticeable in the larger east- and 
west-coast metropolitan areas and along the Great 
Lakes, Some repeaters have optional guard systems 
that are turned on and off automatically or by the 
control operator, as conditions require. 

Both tone-burst and Touch-Tone access control 
are used, but the most popular method seems to be 
continuous subaudible tone, commonly known as 
PL, from the Motorola trade name for the system 
“Private Line." A selectable guard system 1 that uses 
PL has been in use on the Cleveland 16/76 repeater 
for some time and has led to considerable interest in 
various types of encoders and decoders. This article 
covers experiences that other club members and I 
have obtained about encoders and decoders we've 
bought or built, tried and discarded, or adapted to 
our use. 

First, let's look at some of the reasons for using PL . 
The advantages on a control or link frequency to 
which access is strictly limited are obvious. Anyone 
who is a repeater control operator in an area where 
more than one machine can be heard on the same 


frequency can appreciate the advantage of having an 
encoder on the repeater transmitter and a decoder on 
his monitor receiver. 

PL on the repeater input also helps to minimize in¬ 
terference caused by intermod and sources other 
than amateur transmitters. In crowded areas, in¬ 
dividuals or small groups looking for a frequency on 
which they can experiment or operate a special- 
purpose repeater, can share the same channel with 
much less distance between their stations than 
would be required without PL . My point is that many 
reasons exist for using continuous subaudible tone 
on input or output other than a wish to operate a 
closed repeater. 

reed-type encoders 

The encoders most used on control and link fre¬ 
quencies, and by operators with converted commer¬ 
cial gear, are those in which a resonant vibrating reed 
establishes the tone frequency. The advantages of 
these encoders over other types of low-frequency 
oscillators include 1) reliability and stability under 
temperature extremes and supply voltage changes, 
and 2) ability to change frequency by merely plug- 
ing in a new reed. In addition, the reed encoder 
generates a pure sine wave, which does not need 
filtering. 

By Pat Shreve, W8GRG, 2842 Winthrop Road, 
Shaker Heights, Ohio 44120 
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Disadvantages include the cost of reeds (particu¬ 
larly if the user wishes to work several repeaters with 
different PL frequencies), and size. It is difficult if not 
impossible to fit a reed encoder into many of the 
popular hand-held and mobile transceivers. 

Early popularity of reed encoders and decoders led 
to the adoption of the standard commercial subaudi- 
ble tone frequencies for amateur use, shown in table 
1. These have carried over into the design and pro¬ 
duction of other types of equipment. Two reed en¬ 
coders, a decoder, and a combination en¬ 
coder/decoder are shown in the photographs. The 
circuit of the Communications Specialists* miniature 
encoder is shown in fig. 1. With a Motorola 
Vibrasponder reed, it produces a clean sine wave to 
3.4 volts rms; it will go higher, but the wave peaks 
will be clipped. These test results and those that 
follow were obtained with a 12.5-volt regulated sup¬ 
ply voltage; Output was measured with a precision 
ac voltmeter, and the wave form was evaluated by 



fig. 1. Communications Specialists miniature reed encoder. 
CR1 and CR2 are silicon diodes. G1, 02, and 03 are general- 
purpose npn silicon transistors. 


comparison with the output of a Heath IG-1B wave 
generator using a dual-trace oscilloscope. Tone fre¬ 
quency was 110.9 Hz. 

Fig. 2 is the circuit of a subminiature encoder built 
by our club according to a design used in some 
Motorola equipment. !* is smaller than the original or 
the Com Spec unit. vW.Lie space is a problem, the 
reed and socket can be separated from the PC board. 
It produces an equally good waveform, but has much 
lower output: from 0.22 to 0.35 volt rms, depending 
on the reed. It works well if the transmitter has suffi¬ 
cient audio amplification between the PL injection 
point, which should follow any speech filters, and 
the modulator. 

tunable oscillators 

A number of tunable oscillator circuits have been 

Communications Specialists, Inc., 426 West Taft Avenue, 
Orange, California 92667. 



fig. 2. Lake Erie ARA subminiature reed encoder. 


tried as PL encoders by repeater groups in or near 
Cleveland. The most popular was the twin-T circuit 
shown in fig. 3, which came to our club from the 
Great Lakes repeater group in Detroit. It is com¬ 
pact, inexpensive, and can be assembled from readi¬ 
ly available parts by anyone with a minimum of ex¬ 
perience or equipment. For satisfactory performance 
the frequency-determining capacitors must be mold¬ 
ed Mylar or polycarbonate components, and preci¬ 
sion 1 % resistors should be used where shown. Even 
then, the circuit needs to be retuned occasionally 
and will give trouble in a mobile installation parked in 
a Lake Erie winter or in a desert sun. The wave shape 
is satisfactory, but the load and bias resistors may 
have to be changed for different output frequencies 
to prevent distortion. 

I also experimented with tunable encoders design¬ 
ed around a function generator such as the Intersil 
8038. Several pilot units showed promise, but none 
fully overcame problems of rf sensitivity and need for 
a more stable supply voltage than was easily ob¬ 
tainable in a mobile installation. 

digital encoders 

Use of a crystal-controlled oscillator to generate a 
stable frequency is nothing new; but until multistage 
dividers on a single 1C chip became readily available, 



fig. 3. Twin-T oscillator. Cl is not required in battery-pow¬ 
ered portables. Select R2 to give desired modulation level. 
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Two reed encoders, reed decoder, and encoder-decoder. 


Adcom crystal-controlled encoder-decoder. 


it was not practical to use high-frequency crystals to 
generate the low frequencies used in a subaudible 
tone encoder. Development of CMOS ripple count¬ 
ers, capable of division by factors in the thousands or 
millions, eliminated the need for bulky divider chains 
in low-frequency generators and timers and at the 
same time eliminated the need for a regulated 5-volt 
power source and sometimes difficult shielding 
against rf and external noise. 

Descriptions of the operation and application of a 
number of these dividers are found in manufacturers' 
publications. 2 ' 3 Those of most interest for PL use are 
the 4020 and 4060, both capable of division by 16,384 
(2 14 ). The 4020 will accept input frequencies to 7 
MHz; the 4060 to 4 MHz. The 4060 includes an 
oscillator circuit that can be crystal controlled. 

Two approaches to the use of a multistage divider 
to reduce a crystal frequency to the PL range are 
possible: Use the full range of the divider and select a 
crystal that will give the desired output, or program 
the divider to give any desired output from an 
available crystal. 

Let's look at the unprogrammed divider, in which 


the crystal is selected for a specific output frequency. 
Only two ICs are needed, a 4020 divider and a 4030 
exclusive~OR gate, which serves as crystal oscillator 
and digital-to-analog (D-A) converter. The crystal 
frequency is the desired output multiplied by 16,384. 
The circuit in fig. 4 is such an encoder, designed and 
used by members of the Lake Erie Amateur Radio 
Association (LEARA), which operates the Cleveland 
16/76 and 28/88 repeaters. The choice of whether to 
use a 1.0- or 2.2-/iF output-filter capacitor depends 
on whether you want a stronger signal (use 1.0 ^F) 
or a cleaner waveform (use 2.2 /±F). The unit leaves 
something to be desired in both respects. A better 
design could be worked out with a 4060 using the in¬ 
ternal oscillator and substituting an operational 
amplifier wired as a lowpass filter for the 4030 D-A 
converter. 

Some may ask why a D-A converter is needed at 
all. Certainly a square-wave digital output will 
modulate the transmitted signal; many solid-state 
CW identifiers use such an output. The trouble is, 
that on most amateur transmitters, square-wave 
modulation is far from subaudible. Many of the har- 



monies in the square wave fall in the audible range, 
and the resulting signal can be very unpleasant. Reed 
encoders have a clean sine-wave output. 

Another device equivalent to crystal control is 
used in several Communications Specialists en¬ 
coders. It is a ceramic resonator much like an i-f filter 
operating between 250 and 500 kHz. The small size 
of the resonator and a special 1C make possible the 
Com Spec microminiature ME-3 tone encoder, which 
is hardly larger than a postage stamp. The ME-3 cir¬ 
cuit is shown in fig. 5. The special 1C contains the 
oscillator, divider, and gates, which form a lowpass 
square wave to sine-wave converter. The output is a 
clean sine wave adjustable to any level to 3.2 volts 
rms. The output frequency can be changed by plug- 
* ging in a different resonator. Similar circuitry is used 
in the ME-8 encoder, which provides for selection of 
one of eight frequencies by electronically switching 
the resonators, and in the combination encoder- 
decoder discussed later. 


♦ /ov 



fig. 4. Lake Erie ARA crystal-controlled encoder. 



Eight-frequency encoder with ceramic resonators. 


is lowest in the range between 3.0 and 10.99 MHz. 
To illustrate how the divider is programmed, assume 
a crystal frequency of 3.066 MH 2 and a desired out¬ 
put of 110.9 Hz. The division factor is 


3,066,000 
110.9 x 4 

= 6912 

subtract 2 n 

4096 


2816 

subtract 2 12 

2048 


768 

subtract 2 10 

312 


256 

subtract 2 9 

256 

zero 


Encoders in which a single crystal is used to gener¬ 
ate multiple output frequencies can also be built with 
a 4020 or 4060 CMOS divider. Both these ICs can be 
reset to zero at any point in their counting cycle by a 
high-level input to the reset inverter. Since outputs 
are available from all divider stages from 4 through 
14, diodes can be used to combine outputs to give a 
reset pulse after any combination of 16 oscillations of 
the crystal. 

In my experiments, the range of crystal frequen¬ 
cies has been limited on the high side by divider 
capability and on the low side by crystal cost. For 
reasons explained later, the last divide-by-four step is 
performed by a separate device, so the divider output 
should be 4f PLt where f PL is the desired encoder 
output. 

The lowest of the standard tones in table 1 is 67.0 
Hz. The maximum capability of the divider is 2 14 or 
16,384, so the top limit on the crystal frequency is 
67.0x4 x 16,384= 4.391 MHz. 

My lower limit is 3 MHz, based on the price of an 
International Crystal general-purpose crystal, which 


This example shows that when Q9, G10, Q12, and 
Q13 outputs are all high at once, the counter will 
have divided by exactly 6912. If four diodes are con¬ 
nected with anodes to these outputs of the 1C, and a 
common cathode lead is connected to the reset in¬ 
put, the counter will reset to zero after dividing by 
6912. A similar calculation will show that diodes con- 



fig. 5. Communications Specialists micro-miniature en¬ 
coder. Values of Cl, C2, and C3 and connection to pin 6 or 7 
of til depend on frequency, til is a custom-made fC; K1 is a 
ceramic resonator. 
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Read encoder-decoder circuit board. 


nected to Q10, Q11, Q12, and Q13 will result in a 
division factor of 6780 and an output of 
1,066,000+ 7680 = 399.21 Hz, which is 4 x 99,8 Hz - 
well within tolerance of a 100 Hz PL. 

The reason for the external division by four is that 
a divider output programmed in this way is not the 
50% duty cycle square wave desired for easy conver¬ 
sion to a sine wave. If the counter output is used to 
drive a dual flip-flop, such as a 4013, it will divide by 
four and give the desired wave; or if the encoder is to 
be coupled with the decoder described later, the 
divide-by-four operation can be performed by the 
decoder shift register. 

One encoder of this type is made by Avcom*. No 
circuit diagram is available and the ICs are unmarked, 
but the encoder apparently uses a 4020 divider and a 
4035 shift register to divide the output of a 3.334- 
MHz fet crystal oscillator. A 50% duty cycle square 
wave from the shift register is converted to an ap¬ 
proximate sine wave by an RC lowpass filter and 
amplified by an npn output transistor. Maximum out¬ 
put of the unit I tested is 2.85 volts rms. The output 
waveform is reasonably good between 1 and 2.4 
volts, but peak clipping occurs at higher levels and 
distortion appears below 0.8 volt. 

decoders 

Only two types of subaudible tone decoder I've 
tested have given consistently satisfactory results: 
the reed and the digital. I've heard of designs that 
use a linear 1C such as the NE567V, frequently used 
to decode Touch Tone, but I've never seen one that 
will perform satisfactorily at PL frequencies. 

To work as a PL decoder, the circuit should be suf¬ 
ficiently sensitive to respond to any signal that will 
quiet the receiver, have stability equal to a reed en- 

• Avcom. ir»C., P.O. Box 29153. Columbus. Ohio 43299. 


coder, and have a bandwidth sufficiently narrow not 
to be triggered by a PL on an adjacent standard fre¬ 
quency (table 1). The circuit should have a "hang¬ 
up" connection that will release the receiver squelch, 
so that the operator can receive signals that don't 
have PL and can also monitor the frequency before 
transmitting. Outputs that will permit use with either 
pull-to-ground or pull-to-V + squelch circuits are 
desirable. 

reed decoders 

The receiver on LEARA'S 16/76 repeater has two 
Motorola reed decoders. One is on the 110.9-Hz ac¬ 
cess tone and the other discriminates against the 
100-Hz PL used across the lake in Detroit, which 
minimizes interference from there when the 
Cleveland repeater is operating in the fully open car¬ 
rier access mode. The Motorola circuits are not 
reproduced here, but part and circuit diagram 
numbers are given for those interested.4,5 

Sensitivity is quite adequate for the excellent 
receiver with which they are used. Capture band¬ 
width is less than ± 1 Hz on a signal with a low PL 
level; but once captured, the decoder will follow a 
shifting tone approximately 2 Hz either side of the 
nominal frequency. Tone filters are provided to 
eliminate the subaudible tone from the receiver out¬ 
put. The enable/disable function can be remotely 
controlled without difficulty. 

A reed decoder similar to the Motorola units is ob¬ 
tainable from Communications Specialists either as a 
separate miniature model or as part of a combination 
encoder-decoder using the same reed for both func¬ 
tions. The decoder circuit diagram is shown in fig. 6. 
Sensitivity is 2.5 millivolts at the reed frequency at 

table 1. Standard E1A subaudible tone frequencies. Higher frequen¬ 
cies not listed are not commonly used by amateurs. 


frequency 

(Hz) 

code 

frequency 

(Hz) 

code 

67.0 

xz 

118,8 

2B 

71.9 

XA 

123.0 

3Z 

74.4 

WA 

127.3 

3A 

77.0 

XB 

131.8 

3B 

79.7 

SP 

136.5 

4Z 

82.5 

YZ 

141.3 

4A 

85.4 

YA 

146.2 

4B 

88.5 

YB 

151.4 

5Z 

91.5 

21 

156.7 

5A 

94.8 

ZA 

162.2 

5B 

97.4 

Z8 

167.9 

6Z 

100.0 

1Z 

173.8 

6A 

103.5 

1A 

179.9 

6B 

107.2 

IB 

186.2 

12 

110.9 

22 

192.8 

7 A 

114.8 

2A 

203.5 

Ml 
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which I tested it (nominally 110,9 Hz). Capture range 
is ±0.15 Hz at this signal level and ±1.5 Hz at 20 
millivolts. Once captured the decoder will stay locked 
to a 20 millivolt signal to within ± 2.0 Hz. 

digital decoders 

Reed decoders generate a usable output when an 
incoming signal drives the reed at its mechanical 
resonant frequency. Digital decoders are not reso¬ 
nant circuits. They produce an output when the in¬ 
coming signal frequency matches that of a signal 
generated locally. The usual source is a digital en¬ 
coder such as those described earlier. I've not found 
any published material on how or why the circuits 
operate but have built one that works. The diagram is 
shown in fig. 7. Here is what I think it does: 

The output of the fet crystal oscillator, Q1, is fed to 
U1, a 4020 divider, which is diode-programmed to 
output at four times the desired PL frequency. The 
diodes are on a plug-in matrix board, permitting 
quick and easy frequency change. A 4060 used for 
the divider would eliminate the need for a separate 
oscillator. The divider output drives U2, a divide-by- 
four flip-flop, which in turn controls the frequency of 
an 8038 function generator. The divider also drives 
U5, the decoder shift register. The shift register is 
wired to supply V + to each of the four control inputs 
of U6 in succession. Since its input is at four times 
the PL frequency, the shift register drives each input 
of U6 high for 1 /4 of a PL cycle. 

U6 is a quad bilateral switch. When one of its in¬ 
puts is high, the corresponding 1-^F capacitor is con¬ 
nected to U7, which is a quad operational amplifier. 
The incoming audio signal from the receiver dis¬ 
criminator is filtered and amplified. It is a square 
wave at the point of connection to U6, When its fre¬ 



Miniature reed decoder. 


Miniature reed encoder, 

quency matches the rate at which U6 is being cycled 
by the shift register, U5, the third and fourth stages 
of the op amp act as a switch to turn off Q2, 
ungrounding the squelch connection. When the 
"hang-up" switch is closed, Q2 grounds the squelch 
connection unless a signal with PL is received. An in¬ 
verter transistor can be added if V-h is required to 
control squelch. 

The Com Spec encoder-decoder works substan¬ 
tially in the same way as that described above. It has 
several advantages, however — smaller size 
(because of the ceramic resonator and special ICs, 





fig. 6. Reed decoder. Transistors are general-purpose silicon npn. CR1 and CR2 are silicon signal diodes. With the monitor circuit 
connected, the receiver will respond to a signal without PL when the ' hang up" terminal is ungrounded. 
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which combine several functions on one chip); lower a tunable PL detector, which permits the operator to 

cost; and a built-in audio filter to remove the PL tone match and retransmit an unknown PL frequency, 

from the receiver audio output. Instructions on how The block diagram is shown in fig. 8. A 4PDT switch 

to connect it to most amateur equipment are fur- is added to the circuit of fig. 7, and the VCO portion 

nished on request. Bandwidth of all digital decoders of the 4046 is used. 

I've tested is comparable to the reed types. Sensitivi- In the detect mode, the crystal oscillator is discon- 

ty is a little less but adequate for all the receivers on nected. The VCO runs at four times the frequency of 

which I have tried them. the function generator; this relationship is main- 

s , , , , a . tained by the phase comparator, and the LED con- 

decoder-detector and tunable encoder nected t0 pin , of the ^ ,n uminates when the | 00p 

The encoder shown in fig. 7 uses a phase com- is in lock. The frequency-adjusting potentiometer on 

parator and function generator to provide a sine the 8038 function generator is accessible to the 

wave output. This is because I designed the circuit as operator. 


+I2V 




DECODER 


fig. 7. Encoder-decoder with programmable divider. The encoder schematic is at top; LED indicates when phase comparator 
loop is in lock. The decoder circuit is below; the 100k pot is used to adjust sensitivity. 
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Communications Specialists encoder-decoder. 


To match a received PL frequency, the switch is 
thrown to detect and the frequency of the free- 
running function generator adjusted until the 
decoder output LED shows a frequency match. The 
encoder will then transmit the same frequency as 
that received. 

It's not ordinarily necessary to adjust the vco, 
which will hold its lock over a wide range of frequen¬ 
cies. Although the function generator is free-running 
it will remain within PL tolerances for several trans¬ 
missions. The LED will show the need for re¬ 
adjustment whenever the incoming tone is received. 

The greatest limitation of this system is that to ac¬ 
quire a repeater with an unknown access tone, you 
must be able to hear another station on the input fre¬ 
quency unless the tone is being retransmitted. With 
the switch in the crystal position, the unit operates 
as a normal digital encoder-decoder. 


Micro-miniature encoder with ceramic resonator. 



Each of the subaudible tone encoders and 
decoders described has its advantages and disad¬ 
vantages. Where space restrictions are not a factor 
and frequencies are not changed often enough to 
make the cost of reeds prohibitive, a reed-type unit is 
hard to beat for stability and clean output. The units 
with ceramic resonators are much more compact, 
however, and are comparable in performance. They 
cost less overall if many frequencies are wanted. 

My tunable model is for the experimenter or those 
who enjoy something different. It's not really as 
valuable to the traveling ham as one might think — 
even if you succeed in matching the unknown PL on 
that closed repeater that has been tantalizing you, 
you probably won't get anyone to talk to you when 
you do get in! 



7ct*t o>$Cf<i*MinAroft tro 
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lig. 8. Block diagram of detector and tunable encoder based 
on encoder-decoder shown in fig. 7. 
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pseudo-logarithmic display 


for the microwave 
spectrum analyzer 


This pseudo-logarithmic 
circuit for your 
home-built microwave 
spectrum analyzer 
provides good resolution 
and 40 dB dynamic range 


in a recent article I described a microwave spec¬ 
trum analyzer which covered dc to 2.5 GHz with up 
to 2 GHz of dispersion, 2 MHz resolution, and 50 dB 
of dynamic range. 1 This analyzer was built almost 
completely from surplus materials and has been well 
received by the amateur microwave community. 
However, the instrument has one drawback: the dis¬ 
play graduations are linear rather than logarithmic. 
This limitation was discussed in the original article, 
and reader suggestions were solicited. 

Before my spectrum analyzer article appeared (but 
after the manuscript was finalized) ham radio pub¬ 
lished a very fine article by Jeff Walker, W3JW, on 
the design and construction of a high resolution 
high-frequency spectrum analyzer . 2 In that article 
Walker described a simple and effective circuit for 
providing his analyzer with a pseudo-logarithmic dis¬ 
play which allowed him to view 40 dB dynamic range 
at one vertical deflection setting. It seemed to me 
that this circuit would, with suitable modification, 
greatly enhance the performance of my analyzer. I 
am pleased to report that it did just that. 

circuit description 

Walker's circuit, shown in fig. 1, consists of an 
audio-frequency detector, lowpass filter, and a 
unique nonlinear diode limiter arrangement. My ana¬ 
lyzer already included an i-f detector diode, the out- 


By H. Paul Shuch, N6TX, Microcomm, 14908 
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fig. 1. Pseudo-logarithmic signal-processing circuit 
developed by W3JW for use in a high-frequency spectrum 
analyzer. 2 


put of which I applied to Walker's filter/limiter cir¬ 
cuit. However, I found it necessary to change the 
value of Cl to achieve the desired video frequency 
response at high sweep speeds (a value of 1000 pF is 
acceptable for sweep speeds of up to 60 Hz). For the 
logarithmic shaper circuit I replaced the 1N914 
switch diodes with general-purpose Hewlett-Packard 
hot-carrier diodes. The final circuit values are shown 
in fig. 2, 

Note that the detector circuit I used in my original 
analyzer provides a positive-going video output. If 
one of the more common negative-output detectors 
were used, it would be necessary to reverse the po¬ 
larity of the Schottky diodes in the logarithmic shap¬ 
er circuit. 

performance 

This shaper circuit enabled me to easily view 40 dB 
dynamic range { + 10 to - 40 dBm), with an unusual 
response which is very nearly logarithmic at 10 
dB/cm at very low ( - 20 to -30 dBm) and very high 
{- 10 to +10 dBm) signal levels. Intermediate ampli- 


Spectrum display of a 450-MHz signal source, as viewed on 
the microwave spectrum analyzer with logarithmic video 
processing. The desired signal is at +10 dBm; second har¬ 
monic is down 23 dB at -13 dBm. Fourth harmonic is clearly 
visible at 40 dB down (- 30 dBm). Also visible is a third har¬ 
monic component at approximately - 35 dBm. Total display 
dynamic range easily exceeds 40 dB. Note the non-uniform 
vertical deflection graduations, discussed in the text. 



tudes are "stretched" somewhat, as seen in the 
scope photograph. However, it is possible to meas¬ 
ure signal amplitudes to within one or two dB over 
the entire 40 dB range, once you get the hang of it. It 
is possible to view spectral components as far down 
as - 40 dBm, but scale compression at the low end is 
so great that you can only guess at the actual am¬ 
plitude. 

calibration 

The display response indicated in the photograph 
was achieved on my analyzer with i-f attenuation set 
at a minimum and video sensitivity at 50 mV/cm. The 
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fig. 2. Signal-processor circuit as modified by N6TX for use 
with his microwave spectrum analyzer. 1 


display was calibrated with the aid of a stable 10 mW 
signal source and a calibrated step-attenuator, by ob¬ 
serving changes in the display amplitude as various 
amounts of attenuation were switched in. Since 
every analyzer is likely to exhibit its own transfer 
characteristics, it's a good idea to perform a similar 
calibration yourself if you duplicate this project. 

One further point; When I change from low-band 
(dc to 2 GHz) to high-band (500 MHz to 2.5 GHz) 
coverage, the vertical scale calibration changes con¬ 
siderably. This is due to the difference in i-f gain with 
the i-f amplifiers operating at 2 and 1.5 GHz, respec¬ 
tively. Once the analyzer is recalibrated, however, I 
find it possible to easily resolve signal amplitudes 
over at least a 40 dB range, with the analyzer operat¬ 
ing in either band. 

Any feedback from readers who attempt to apply 
this or other signal-processor circuits would be great¬ 
ly appreciated. All correspondence which includes a 
stamped, self-addressed envelope will be answered. 


references 

1. H. Paul Shuch, WA6UAM, "Low-Cost Microwave Spectrum Analyzer," 
ham radio, August, 1977, page 54. 

2. Jeff Walker, W3JW, "High-Resolution Spectrum Analyzer for Single 
Sideband," ham radio, July, 1977, page 24. 
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1.2 ampere variable-voltage power supply 


Whether you are a neophyte just getting started 
with electronics, an old-timer who hasn't built any¬ 
thing since the days of the 807, or an amateur in need 
of a handy bench supply, here is project that you can 
complete in a weekend, yet does not contain any ex¬ 
otic or hard-to-find parts. To make the project even 
easier, an etched and drilled printed-circuit board is 
available. The components are available from stand¬ 
ard parts houses such as Allied, James Electronics, 
Lafayette, and Radio Shack. This should take the 
hassle out of getting the parts together to start the 
project. The finished product is a neat package that 
you can be proud to put your call letters on, and will 
find extensive use in your shack or on your work 
bench. 

circuit description 

The power supply furnishes a regulated dc output 
that is variable from 1.5 volts to 24 volts at 1.2 
amperes. The regulation is excellent and the ripple is 
so low that you can power just about any type device 
with it, from a high gain op amp to a little QRP rig. 
Although the unit is configured as a bench supply, 
don't overlook its use for new equipment designs, as 
well as for powering portable or small mobile rigs in 
the shack. The little supply will even run the kids' HO 
trains as f found out last Christmas when their power 
pack went sour on Christmas Eve. They used the 
meter on the power supply for a speedometer to see 
how fast the trains would go before jumping the 
track. 

The circuit, depicted in fig. 1, consists of three 
basic sections: a standard dc supply, a modern three- 
terminal regulator, and a metering circuit. The ac in¬ 
put (117 Vac 60 Hz) enters through a three-wire cord 

By Ken Powell, WB6AFT, 6949 Lenwood 
Way, San Jose, California 95120 


for safety, placing the case of the supply at ground 
potential. A fuse is placed in the hot side of the ac 
line in case of a catastrophic failure, such as a short¬ 
ed power transformer. The power supply is turned 
off and on by SI, which is coupled to the output volt¬ 
age level control R3. With this arrangement you will 
not be so apt to connect a five-volt device to the 
power supply and flip on the power switch with the 
level control set at twelve volts. This feature can save 
a part or two from an unexpected smoke test. 

The power transformer steps down the 117 Vac to 
24 Vac and isolates the circuitry from the ac line. The 
transformer output is applied to a full-wave bridge 
rectifier circuit, CR1, which rectifies the 60 Hz ac and 
furnishes 120 Hz pulsating dc. The dc is then filtered 
by the input filter capacitor Cl. The basic power sup¬ 
ply furnishes about 35 volts dc when lightly loaded. 

The output from the basic power supply is applied 
to the input of the voltage regulator, U1. The output 
of the voltage regulator is controlled by a voltage di¬ 
vider network formed by resistors R1 and R3. As the 

The author's completed power supply. 
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R1 

220-ohm VS -watt resistor IRS 271-000) 

FH1 

Fuse Holder (RS 270-739) 

R2 

50k-ohm trimmer resistor IRS 271-219) 

FI 

’A-A slow blow fuse (RS 270-1288) 

R3 

5k-ohm w/switch IRS 271-1714 & 271-1740) 

HS1 

Heat Sink (Allied Radio 957-2650) 

Cl 

1000 n F/35Vdc capacitor IRS 272-1032) 

U1 

LM-317K (James Electronics LM-317K) 

C2 

2.2 n F/35Vdc capacitor IRS 272-1407) 

Case 

(RS 270-254) 

T1 

24 volt/1,2A transformer IRS 273-1480) 

Spacers 

(RS 270-1393) 

CR1 

2A/100 PIV bridge rectifier IRS 276-1152) 

Heat Sink 


Ml 

0-1 mA meter IRS 22-052) 

Compound 

(RS 276-1372) 

BP1,2, 3 

Binding Posts (RS 274-662) 




fig. 1. Schematic of the variable-voltage power supply. The lettered terminals are used to indicate where the leads enter and 
leave the printed-circuit board. All resistors are 1/2 watt tolerance; capacitors are rated at 35 volts dc. RS part numbers are 
available from Radio Shack. 



fig. 2. A full-size foil layout for the printad-circuit board. An etched and drilled board is available for $4.00, postpaid, from 
J. Oswald, 1436 Gerhardt Avenue, San Jose, California 9612S. 
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fig. 3. Parts placement diagram for the circuit board. 


value of R3 is varied, the output voltage from the reg¬ 
ulator varies accordingly; C2 is added to improve the 
performance of the regulator. A metering circuit is in¬ 
cluded to indicate the output voltage. A 0-1 mA 
meter was chosen since this seems to be the most 
common value available, with surplus units being ad¬ 
vertised as low as $1.50. 

A small variable resistor, R2, in series with the 
meter provides an accurate means of calibration. The 
power supply outputs, both plus and minus, are iso¬ 
lated from ground so the unit may be used as a posi¬ 
tive or negative power supply. A ground terminal is 
also brought out to the front panel should its use be 
required under certain conditions. 

A full-sized printed-circuit board layout is shown in 
fig. 2. This layout assumes the components are the 


same size as the ones specified in the parts list. If you 
etch your own board, I would advise using glass- 
epoxy board, rather than the lighter phenolic type 
board, since it must support the weight of the power 
transformer. The heavier board will provide a sturdy 
and stable package. 

When starting construction I temporarily mounted 
the four corner screws and standoff spacers to the 
board to protect the foil side of the board while it was 
handled during construction. Next, mount the power 
transformer as this will make a sturdy base to hold 
the board while the smaller parts are mounted and 
soldered. Coat the bottom side of U1 with heat-sink¬ 
ing compound to form a good thermal junction be¬ 
tween it and the heat sink HS1, and mount them to 
the board. The remainder of the components can 
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now be mounted and soldered. Fig. 3 illustrates the 
component layout and care should be taken to 
observe the polarity of Cl, C2, and CR1. This com¬ 
pletes assembly of the basic board. 

If you are going to install the printed-circuit board 
in a chassis box as shown in fig. 4, it is best to install 
the interconnect wiring and the ac line cord prior to 
mounting the board. Slip a grommet over the line 
cord and solder the cord to the board. Next, solder 
the wires to the interconnect terminals at the front 
edge of the board and run them off to the left edge of 
the board and then double them back to the right 
edge of the board. Now, install the printed-circuit 
board in the chassis box and solder the wires from 
the front edge of the board to their respective com¬ 
ponents on the front panel, breaking them out at 
right angles to the board, parallel to their respective 
components. The loop left in the wiring between the 
terminals and the front panel components will allow 
the board to be removed and turned over for service, 
should it ever be requried. The ac line cord and grom¬ 
met are now placed in the cutout at the left edge of 
the rear panel. Again this is done to facilitate service 
to the board without unsoldering any wires. 

If you use the meter shown in the parts list, and 
wish to convert the scale to read volts rather than the 
original milliamperes, remove the plastic cover from 
the meter and the two small screws retaining the 
meter face. Then, you can erase the numbers with a 
typewriter eraser. With rub-on or decal numbers, 
replace the original markings as follows: change 0.2 
to 5, 0.4 to 10, 0.6 to 15, 0.8 to 20, and 1 to 25, leav¬ 
ing the zero digit alone. With a little care, you can do 
a very nice job on the meter and the neatly graduated 

Inside view of the power supply showing the printed-circuit 
board and most of the internal components. The bridge rec¬ 
tifier is mounted behind the heatsink for U1. 




scale will be 0.5 volts per division. If you want to skip 
the meter work, install a 0-25 volt dc meter such as 
the Lafayette 99P51039V, but in this case be sure to 
set the calibration trimmer R2 to its minimum resis¬ 
tance position. 

test and calibration 

The first step, providing you have used a 0-1 milli- 
ampere meter, is to set the calibration resistor to its 
maximum resistance position. Now set the meter to 
zero with the meter adjusting screw on the front plas¬ 
tic meter cover. Connect a VOM or VTVM, set to 25 
volts dc or higher, to the front panel output jacks. 
Plug the power supply into 117 Vac, advance the 
output level control to turn on the power supply, and 
adjust the control until the VOM or VTVM reads 25 
volts. Now, adjust the calibration trimmer, R2, for a 
full scale reading of 25 volts on the panel meter Ml. 
Next, check the readings at 20, 15, 10, and 5 volts. 
The panel meter should track your VOM or VTVM 
readings quite closely, with the greatest accuracy be¬ 
ing achieved at the upper end of the scales. 

To check the load regulation, set the power-supply 
output at 6 volts and apply a load, such as three no. 
47 pilot lamps in parallel, to the output jacks. No 
change in the meter readings should take place as 
the load is applied and removed. If you have a scope, 
you can look at the power supply output under load, 
but under moderate load it is virtually ripple free. In 
the absence of a scope you can listen to the output 
with a pair of high-impedance headphones coupled 
through a 0,1 /iF capacitor, with silence being the 
rule. The ripple on both of the supplies I've con- 


july 1978 Q8 39 



fig. 5, Full-scale meter face after modification. 


structed was so low that I could not measure it with 
my old scope. If the supply meets the above param¬ 
eters it is time to put it to work; don't worry about 
hurting it because it can take just about all the abuse 
you can dish out. 


I have built two of these units and use them on the 
work bench, as I always seem to need both plus and 
minus voltages at the same time. Both supplies have 
been excellent performers. The esthetics of the fin¬ 
ished product is proportional to the effort you put in¬ 
to it, but I found that you can actually build one of 
these supplies in a single weekend, have it look as 
good as a commercial product, and still have time for 
a late night QSO or two. 

There are many variations that could be made, 
such as placing two boards in a single enclosure and 
making a dual output supply, or adding a switch and 
a meter shunt to allow the reading of output current. 
The fact that all the components are easily obtained, 
a ready made board is available, and there are no crit¬ 
ical adjustments make this bench supply an enjoy¬ 
able project; I hope you get as much satisfaction 
out of building and using it as I have. 

ham radio 


keyboard cleaning on the HP-35 calculator 


Owners of HP-35 and equivalent pocket calcula¬ 
tors may be experiencing some problem with key¬ 
board operation. Problems such as a double entry or 
intermittent function is usually due to dirt under the 
keyboard contacts and is easily corrected. 

The Hewlett-Packard series uses thin spring strips 
for key switches separated by a single, thin plastic 
sheet from the buttons. The sheet provides a barrier 
to prevent dirt and moisture from entering the con¬ 
tact area and will wear through after a year or two of 
operation. The sheet is the major source of trouble, 
not the contacts. 

Plastic sandwich bags of polyethylene are a good 
source of replacement material for the sheet and may 
be used in one or two-layer thicknesses.* A common 
problem is how to open the case. 

Models 35, 45, and 55 all use six screws for the 
main case. Two are easily accessible in the battery 
compartment, two are under the bottom feet, and 
the remaining two are hidden by the instruction label. 
The label is made of aluminum foil stock and its ad¬ 
hesive backing allows easy removal; if you have had 
one this long, you don't need the instructions. Keep 
the keyboard side down when removing the screws. 
When open, the small circuit board screws are easily 
visible but be careful of the double-wire contacts 
joining it to the main board. 

“Mylar and Teflon sheet has been tried by some but does not work as well 
as the polyethylene sandwich bag plastic. Glad bags and Baggies material 
has been very successful locally. 


The main board is screwed to the case top and re¬ 
moval will expose the barrier sheet and key buttons. 
Use the old sheet for a pattern, tracing the outline 
and access holes with a felt marker (Sanford Sharpie 
or equivalent). Be sure to keep the old sheet for 
future repair. 

A clean, fine-bristle artist's brush is good for clean¬ 
ing the area between switch spring strips and contact 
surface. It is better to work "dry" than to use com¬ 
mercial cleaners since these usually leave a residue. 
Isopropyl alcohol is good and ordinary rubbing alco¬ 
hol is suitable even though it contains some water. 
Inspect the contact area with a magnifier for any 
stray hairs; a good artist's brush will have bristles 
firmly attached but some may break off. 

This is also a good time to clean the buttons and 
case front. A lattice-like frame of plastic holds the 
buttons from the back. Use extra caution in remov¬ 
ing this. Once removed, the buttons will simply fall 
out. Ordinary hand soap and water is an excellent 
cleaner and will not harm the plastic or markings. 
Use a bowl to contain the buttons and soapy water 
— all buttons are individual and it is too easy to lose 
one or two down a basin drain. The slide switch has a 
separate contact with special lubricant and the con¬ 
tact must be removed and set aside. 

On reassembly, check button locations with the 
owner's manual. Do not force the screws into the 
plastic case or use too much torque; the original 
threads are quite adequate. 

Leonard H. Anderson 
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radio sounding system 


| An unusual 

application of 
amateur radio for 
atmospheric studies 

How many of you vhf enthusiasts have experi¬ 
enced the thrill of “an inversion DX contact" and 
later wondered just what caused it? Such a phenom¬ 
enon is caused by weather. Here's a sounding sys¬ 
tem that you can use to find out what's happening in 
your area. The heart of the system is called a radio¬ 
sonde . 

A radiosonde (or sonde) is a remote weather sen¬ 
sor that uses radio signals to furnish, by telemetry, 
data to a ground-based receiver and recorder. A 
radiosonde is usually carried aloft by a helium-filled 
balloon. From high above it sends back atmospheric 
information. Weather services use such devices 
daily all over the world to develop weather forecasts. 
While the radiosonde described here is a scaled- 
down version of its bigger cousins, it will allow in¬ 
terested vhf experimenters to study the atmosphere 
up to several thousand feet (or kilometers). Maybe 
you can forecast the next big tropo opening! 

system description 

Fig. 1 illustrates the amateur weather telemetry 
system. It consists of the airborne radiosonde and a 
ground-based station that includes a uhf converter, 
i-f stage, oscilloscope, frequency-to-voltage (F/V) 
converter, and a chart recorder. 

Radiosonde. A schematic of this little unit appears 
in fig. 2. It consists of a sensor, modulator, and a 
uhf transmitter that operates in the 420-425 MHz 
portion of the amateur 70-cm band. 

Anything set aloft on a balloon doesn't stand 
much chance of being seen again, so I've kept the 
circuits simple and the costs down. This is especially 
important if you're planning to use these circuits in 


any quantity. (A parachute design is included to 
help increase the odds of retrieval.) 

The sonde shown in fig. 2 was originally modeled 
after one built by the Argonne National Laboratory 
for use in the 403-406 MHz band. It operates around 
422 MHz and has few circuit modifications. The 
transmitter doesn't drift more than ± 1 MHz, so op¬ 
eration near the band edge is quite safe. 

The sonde measures temperature changes and 
transmits the data to the ground station. A small 
thermistor, RT, changes value with temperature. 
Thermistor RT and capacitor CX form an RC circuit 
that provides an audio signal, which varies as a func- 



View showing the inside of the audio-processing stage and 
the frequency/voltage converter. 


tion of temperature. This tone modulates Q2, the 
transmitter, which provides a uhf fm signal. Al¬ 
though power output is only milliwatts, when the 
sonde is several thousand feet (or several km) up, its 
signal can be heard for hundreds of square miles. 

The sondes are constructed on small epoxy PC 
boards (fig. 3). Half the board holds the compo- 

By Larry L. Jack, KL7GLK/3, 1 East Lake 
Drive, Bay Ridge, Annapolis, Maryland 21403 
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nents, while the other half is a convenient place to 
tape the 9-volt battery that powers the sonde. 

Receiver. Now what's needed is something to re¬ 
ceive these interesting weather signals. I use an in¬ 
expensive fm broadcast tuner (Lafayette ST-22) for 
a variable i-f amplifier. It has afc and the wideband 

? 

| RADIOSONDE 

-9 


FV converter 

The next stage accepts the audio signals from the 
i-f amplifier and converts them to a dc voltage. It's a 
model 4714 frequency-to-voltage converter made by 
Teledyne Philbrick and is driven by two audio stages 
that provide limiting and amplification. (See fig. 4.) 
A dc voltage from the FV converter drives a chart re¬ 
corder. The recorder should have a full-scale range of 
5 volts. When everything is working properly, a rise 
in temperature at the thermistor will cause an in¬ 
crease in voltage, which can be measured at the 
chart recorder. 

tune up 

An oscilloscope is useful for tuning the system and 
for general operation. The scope is connected to the 
audio output from the tunable i-f stage. With the uhf 
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I-F STAGE 




(LAFAYETTE ST-22) 


fig. 1, The amateur weather system, consisting of airborne 
telemeter and ground station. Radiosonde, lifted aloft by a 
helium-filled balloon, transmits temperature changes to the 
ground station on the amateur 70-cm band. 



capability to receive the sonde's broad, drifting sig¬ 
nal. It costs less than the parts needed to build a 
comparable i-f; but if you have the urge, feel free to 
experiment. 

A Vanguard Labs model 408 uhf converter feeds 
422 MHz, which is down converted to 90 MHi^to 
the i-f amplifier. You now have a receiver over which 
you can hear the varying temperature-dependent 
tone from the radiosonde. 


converter and the i-f stage on, a characteristic noise 
signal will appear on the scope. With the FV conver¬ 
ter stage on, a noise trace will appear on the chart re¬ 
corder. R1 (50k) in fig. 4 is adjusted to give a 2.5-volt 
trace for 200 Hz into the FV converter. This gives a 
noise trace at approximately 4.5 volts on the chart re¬ 
corder. R2 allows fine adjustments at the full-scale 
end of the chart recorder. 

Place the sonde on an elevated nonmetallic stand. 


Cl Johanson 9301 trimmer 
LI on PC board 
Q1 2N4852 
Q2 2N3563 

RT Fenwall thermistor GA45J1 
Resistors are 5% tolerance 1 /8 W 


fig. 2. Radiosonde schematic. Circuit 
was modeled after one built by the 
Argonne National Laboratory. Parts 
count and cost are kept low, because 
retrieval chances are small. 
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Author K17GLK filling balloon with helium before launch. 


such as a small cardboard box, and connect a 9-volt 
battery. Tape the battery in place on the sonde. Ad¬ 
just the transmitter output tuning capacitor (Cl, fig. 
2) using an insulated tool. Watch the scope and chart 
recorder. At a point on Cl a sawtooth wave will 
appear on the scope. The recorder trace will smooth 
to a straight line between 60-70 per cent of full scale. 

Where each sonde operates in this range will be a 
function of air temperature and the tolerance of RT, 
CX, and other components. A warm breath of air on 


the thermistor will cause the trace to increase in am¬ 
plitude then decrease as the thermistor cools. 

If you wish to measure other weather data, other 
resistance-variable sensors can be used; for example, 
a hygristor can be substituted for the thermistor to 
measure humidity. 

calibration 

When the sonde and receiver are working proper¬ 
ly, the sonde is ready for calibration. Begin by using a 



fig. 3. PC-board layout. A, and component place¬ 
ment, fi, for the radiosonde. 


AUDIO AMPLIFIER 


F/V CONVERTER 



fig. 4. Schematic of the audio amplifier and frequency-to-voltage {FVt converter. The FV converter drives the chart recorder. 
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thermometer to measure the room temperature that 
the sonde is monitoring. Mark this value on the chart 
recorder alongside the trace. Place the sonde in a 
chamber that can be cooled (by ice, for example) to 
68F (20C) below room temperature. When the sonde 
stabilizes at this new temperature, mark this value on 
the chart next to its corresponding trace. 

The system has a linear temperature response 
from 23 to 86F (- 5 to 30C). Using the two calibra¬ 
tion points to form a temperature-to-voltage slope, 
any temperature point along this slope can be inter¬ 
polated. A calibration factor can be calculated by 
dividing the change in temperature by the change in 
voltage. For example, if the two calibration points 
were 36 and 75F (2 and 25C), for a voltage change of 
1.0 volt there would be a 36F (2.30 change per 
lOOmV; /.e., 25 - 2 = 23, and 23/1.0 = 2.3. 

Most chart-recorder paper is divided into 100 lines. 
On a 5-volt range, each line is 50 mV, so a change 
of ±1 of these divisions is a change of ±3.6F 
(± 2.30. This number, (2.3C or 3.6F), is assigned to 
the sonde as its calibration factor. 

Before flying the sonde, measure the outdoor air 
temperature and mark it on the chart. Once the 
sonde is in flight, the calculated temperature can be 
subtracted from this point, giving the temperature 



The 422'MHz radiosonde without the 9-volt battery attached. 

the sonde is measuring. Because of differences in 
tolerances of each sonde's components, each sonde 
will have a slightly different calibration factor. It's 
therefore a good idea to calibrate each sonde in¬ 
dividually. 

preflight 

The question of determining altitude for the cor¬ 
responding sonde data now arises. It's necessary to 
know the rate of the balloon's ascent, so that the al¬ 
titude can be calculated as a function of time, as 
measured by the chart recorder; /. e ., chart speed = 


fig. 5. Construction details for 
the parachute. Sketches A 
through C show top and bot¬ 
tom views; D through F show 
assembly details. 
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2 inches (51mm) per minute. A rough rule of thumb 
is: A 1-ounce (30-gram) helium-filled balloon, filled 
to just lift a 4.9-ounce (139-gram) weight, will ascend 
alone at 613 feet (187 meters) per minute. 

Attaching a sonde and a parachute will upset 
these figures, so if this method of determining the 
rise rate is used, some experimentation will be neces¬ 
sary. The best method of determining altitude is to 
double track the balloon with theodolites and cal¬ 
culate the altitude by triangulation. 

The balloons used to lift the radiosondes and their 
parachutes (there is a good reason for the para¬ 
chutes, by the way) are meteorological balloons/ 

A 1-ounce (30-gram) balloon is overfilled to lift 
the sonde but it works. These overfilled balloons will 
burst sooner than others (that's why there's a para¬ 
chute), but usually long after they have drifted out of 
radio range. As mentioned before, the balloons are 
filled with helium. Small cylinders of helium are avail¬ 
able from firms selling compressed gases. 

the parachute 

When the balloon bursts, your little sonde could 
hurtle down through someone's property if the para¬ 
chute and sonde didn't descend nice and slowly. If 


Radiosonde balloon and parachute just before launch. This 
is the type of equipment used by the United States Weather 
Service (Beuker's Laboratory model 1207). 



fig. 6. Telemeter assembly showing the balloon, parachute, 
and radiosonde. When the balloon bursts, the parachute 
opens, allowing the sonde to drift gently to earth. Your 
name and address attached to the sonde should increase 
the chances of its retrieval. 

you attach a return address label, maybe someone 
will mail it back. We get a good number returned 
this way. You can make your own parachutes with 
some paper folding and string (see figs. 5 and 6). 

flight 

The system is now ready for use. I'll describe the 
procedure my compatriots and I use to fly the sonde. 
First of all it's necessary to file a Notice to Airmen by 
calling the Federal Aviation Administration (FAA). 


‘Available from Weather Measure Corporation, P.0 Box 41257. 
Sacramento, California 95841 
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fig. 7. Inversion sounding trace showing temperature 
changes as a function of altitude between 400 and 2500 
meters (1312 and 8200 feet). 


Look for a flight service station in your telephone 
book. They request you tell them the number and 
times of the flights and the location of the launch. 
There's nothing to get upset about, but be sure you 
file your notice. 

All right, the balloon is filled, and the train of 
string, parachute, and sonde is then attached. 

Turn on the receiving and recording equipment, 
attach the radiosonde battery, and tune the receiver 
to the sonde frequency. Make a note on the chart of 
the sonde's calibration factor. Then make a side-by- 
side comparison of the sonde temperature with that 
of a thermometer; mark the thermometer reading 
beside the chart-recorder trace. If theodolites are 
being used to track the balloon, alert the operators. 
Release the balloon and mark this moment on the 
chart recorder. As the sonde ascends tune the re¬ 
ceiver to follow any transmitter frequency drift. 

The chart recorder will begin to show the changes 
in the air temperature as it takes a cross section, or 
profile of the atmosphere. Depending on conditions, 
the temperature changes will range from mild to 
dramatic. 

For instance, the inversion phenomenon men¬ 
tioned in this article's introduction would look similar 
to the profile in fig. 7. 

onward and upward 

From here on, I refer you to the vast number of 
meteorology books. As more experience is gained 
using radiosondes, your questions on weather phe¬ 
nomena will quickly outdistance the scope of this 
article. The system described won't put you in com¬ 
petition with the National Weather Service, but it 
will provide an interesting medium for a personal 
study of the atmosphere and an unusual use of ama¬ 
teur radio. Have fun with it. 

ham radio 


DISC-CAP IS NOW SHIPPING 
The Microwave Module 

line of linear transverters. 

Use your present HF equipment on 144 or 432 MHz. 
These units are not the least expensive on the market... 
we believe they are the finest! 

The standard IF is 28 to 30 MHz. However, we win 
provide 50 to 54 MHz or 144 to 148 MHz upon request. All 
units are covered by a full one year guarantee. 

MMT 432/28 $259.95 

MMT144/28 $198.95 

POWER SUPPLIES 

28 Volt, 18 Amp Regulated Power Supplies <110V In) $75.00 

12 Volt, 18 Amp Regulated Power Supplies {110V In) $85.00 

Dual 300V D.C. 1 amp fully metered $85.00 

RECEIVERS 

Collins 651F-1, 2 to 30 MHz In 100 cycle steps, digital tuning, 
USB/LSB/ISB. Stability: 1 part in 10 8 . Completely remote con¬ 
trolled, with all racks, connectors, control head. $1400.00 

R-388/51J - Collins 0.54 to 31 MHz $375.00 

R.360A — 0.54 to 31 MHz, overhauled complete $595.00 

Astrocom SR201,30-300 Mhz, all solid state $450.00 

RACAL Model 6217A, 960 kHz, 32 MHz, All Solid State, takes 
about 3 Inches of rack space, digital tuning $1600.00 

LTV Gill Panoramic Recvr Includes CRT display, 100*150 MHz 
with converters. Will make a fine spectrum analyzer. $150.00 

TMR-5 with front end plug-ins to cover 
105-140 MHz and 200-260 MHz. $250.00 
2200 to 2300 MHz available. 

We have complete documentation for all 
TMR-5 series including plug-ins. 

CEI type 415, 60-250 MHz, all solid state, modular constr., xtal 
controlled, 4 channels. Incredible value. $85.00 

635V-1 Collins Preselector band pass Filters — They’re backl 2 
to 30 MHz. 1 kHz steps, with copy of manual and rack and con¬ 
nector. $275.00 

SX-115 Immaculate with speaker and manual. $450.00 

ANWRR2, 2-30 MHz, synthesized or continuous tuning, com¬ 
pletely bench checked. $600.00 

RTTY Converter CV-2455/PRC-47 Built-In loop supply (60 mA or 
20 mA) — requires rcvr audio and 24 volts. It's also an AFSK 
Keyer. 850 Hz shift. $65.00 

TEST EQUIPMENT 

Bird 6835 Termination Wattmeter complete RF Assy. — NEW1 
1.2 KW, 600 watts, 120 watts full scale. You add oil and meter. 

$95.00 

SPECIAL: Micromatch In-line wattmeters, complete guts, less 
meters, good to 500 MHz. You add 50^A meter. Removed from 
equipment. $24.95 

HP400DR Audio VTVM — NEW $125.00 

Solartron DA410 Transfer Function Analyzer with manual. 

$475.00 

Wefnschel 693-1 Power Attenuators, 30 watt avg., 10KW peak. 

$65.00 

HP764D Dual directional coupler, 200-500 MHz. $100.00 

TRANSMITTERS 

Collins KWT6-6/URC32 — 2-30 MHz, 1 kHz steps, complete xcvr, 
500 watt PEP output, 500 watt CW output, AM capability. 
Complete and running. $1850.00 

Standard TIT pad mounted In a 
sturdy steel case incl, 2 volume 
pots & 1 push button labeled 
“Stereo*’. Also has 2 phone 
jacks for headphones, micro¬ 
phone, etc. Will make a fine 
control head. $24.95 


T/T to Pulse Converter — re¬ 
quires 12-24 VDC $34.95 


Wanted: Documentation for AN/WRR-2, plug-lns and IF 
Amplifiers lorTMR-5. 


DISC-CAP, 1434 REYNOLDS ST. 

AUGUSTA, GA. 30902 404-722-1121 

Ga. Residents - add State Sales Tax. Unfortunately, Disc-Cap 
can only service U. S. customers. 
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outboard LED frequency display 

for the 
Heath HW2036 


Operating the HW2036 
no longer 
has to be done 
in the dark — 
this outboard display 
shows the frequency 
set in the switches 


Picture yourself driving along the freeway one 
evening and your Heath HW2036 comes alive with an 
interesting QSO on the 01/61 repeater. Just before 
the punch line, the operator decides to move to 
147.18 simplex. If you want to hear the rest of the 
joke, you'll have to either turn on the dome light in 
your car so you can see where to set the thumbwheel 
frequency-selection switches on your rig or you can 
set the switches to a common starting point and 
count the clicks as you advance them to the correct 
frequency. By that time, though, the joke is past 
history. Having owned a HW2036 for a year now, I 
found that the only real problem was quickly chang¬ 
ing frequency at night. There are no lights provided 
on the front of the panel to illuminate the thumb¬ 
wheel switches. After many hours of fumbling in the 
dark with the frequency switches, it occurred to me 
that the switches must provide binary-coded infor¬ 
mation to program the synthesizer variable dividers. 
Why not use that same information to drive some 
LEDs, thus displaying the selected frequency? 

By Bill Stephens, WB8TJL, 217 West Reed 
Street, Bowling Green, Ohio 43402 
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circuit details 

Switches S3, S4, and S5 provide BCD information 
to the variable divider ICs (U401, U402, U403 respec¬ 
tively). If you are setting your frequency to 146.94, 
for example, you dial up 6 9 4, since the 1 and 4 re¬ 
main constant across the band. 

I found it was possible to tap off of the four leads 
at the rear of the three thumbwheel switches and use 
that information as inputs to the three 7447 ICs (see 


didn't find the prospect of wiring 42 resistors too ap¬ 
pealing. Therefore, I decided to limit the current go¬ 
ing to the common-anode connection of each LED; 
that required only six resistors. 

The only drawback to this technique is that as dif¬ 
ferent digits are displayed, using more or less 
segments, the overall intensity of that particular digit 
will be slightly brighter or dimmer than other digits. 
For instance, if the digit 1 is displayed, only two 
segments of the LED are lit (segments 6 and c ). On 



fig. 1. Schematic diagram of the addition to the HW2036 to add an outboard frequency display. In¬ 
stead of using 7 resistors for each LED, a common current-limiting resistor is inserted in the anode 
line. The LEDs must be of the common-anode type. The 5-volt regulator is a 7805. 


fig. 1 ). The 7447s convert the BCD data from the 
switches into a seven-segment format necessary to 
drive the LEDs. This in no way alters the operation of 
the synthesizer, nor does it degrade the performance 
of the rig. All of the outboard components can be 
easily housed in a small box and set on top of or 
beside the HW2036. A flat cable containing 15 leads 
is used to connect the HW2036 and the out¬ 
board unit. 

display LEDs 

Since LEDs 1 and 2 always displayed the digits 1 
and 4, it was decided to conserve costs and space 
and not use a 7447 decoder/driver. Instead, they are 
permanently wired to display 1 and 4. LEDs 3 thru 6 
are driven by U1 through 4, respectively. Each of the 
LEDs has a 100-ohm 1/2-watt resistor in series with 
pin 3 and the 5-volt line. This resistor limits the cur¬ 
rent to each segment to no more than 25 mA. It 
would be better to connect one resistor in series with 
each of the seven leads of each of the six LEDs, but I 


the other hand, if 8 is displayed, all seven segments 
(a, 6, c, d , e, f, g) are used and they must share the 
same amount of current as the two segments in the 
first example. With a 100-ohm resistor and a 5-volt 
line this works out to 25 mA per segment when two 
segments are on and 7 mA per segment when all 
seven are lit. In practice this poses no real problem 
because the change in intensity is barely noticeable. 

obtaining power 

Referring to the schematic of the HW2036, 12 
volts is obtained from lug 2 of the on-off switch SI. 
This line and a chassis ground are fed thru a cable to 
the outboard display unit's 5-volt regulator. An 
LM309K could be used, although the smaller pack¬ 
age TO-220 7805 was used in my unit. The 7805 is 
rated at one ampere of current and is capable of 
powering the four 7447s and the six display LEDs, 
although it does run a bit warm at times. Mounting 
the regulator on a small heatsink or bolting it to the 
display unit case should overcome this problem. 
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decoder/drivers 

Each switch has a 1, 2, 4, and 8 lead coming from 
it; these are connected to pins 7, 1,2, and 6, respec¬ 
tively, of the 7447s. When a thumbwheel switch is 
set to program the digit 6, it grounds the two unused 
leads of the 1 and 8 lines. With pins 6 and 7 ground¬ 
ed, the outputs ground the appropriate leads of the 
associated LED, causing it to form the digit 6. Each of 
the 7447s is connected to its associated LED by seven 
leads, one for each of the seven segments in the LED. 

If the operator decides to program in a split chan¬ 
nel, for instance 146.945, S6 is used to control U4. 
Within the rig, S6 grounds one lead of U405 when 
the frequency ends in a zero; it lifts that same lead 
above ground when a split channel is selected. To 
display the digit 5, when the switch is set in the 5 kHz 
position, bring a lead off of the unused side of S6 and 
tie it to pins 1 and 6 of U4. Thus, when the switch is 
in the 0 position there is no input to U4 and no digit 
appears. When the switch is thrown to the 5 kHz 
position, pins 1 and 6 are grounded, displaying a 5. 

construction details 

I built my unit on perf board with 2.5 mm (0.1 inch) 
hole spacings. One board, measuring about 9 cm 2 
(3-1/2 inch square) contains the four 7447s and the 
voltage regulator. A second board, measuring about 
9 cm x 3.8 cm (3-1/2 inches x 1-1/2 inches), contains 
the six LEDs and is connected to the first board by 30 
jumpers. While perf board is entirely acceptable for 
this project, il is suggested that printed-circuit 
techniques be used due to the relatively large number 
of board-to~board jumpers and the small space in 
which to work. The many connecting jumpers tend 
to make the interconnecting harness very stiff and 
difficult to work with. 

My unit is housed in a homebuilt box measuring 5 
x 9 x 10.2 cm (2 x 3 1/2 x 4 inches) with a sloping 
front panel for easier viewing of the LEDs. The size 
and shape of your box will be determined by where 
and how you are going to mount it. Four-conductor 
flat cable was used throughout the construction. 
Four lengths of cable were used to bring the 15 leads 
out of the back of the HW2036 case (they fit nicely 
between the top of the PA board assembly and the 
case). Individual strands of the same wire were 
stripped and used for the 5-volt line and ground bus 
on the two perf boards. 

If the unit is to be mounted in an outboard case, it 
is recommended that a plug be installed to discon¬ 
nect the outboard unit from the HW2036 for ease of 
servicing. 

I wish to thank WB8NGW and K8TT for their help 
and thoughts in completing this project. 
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phase-locked loops 


basic 
building blocks 
for frequency 
manipulation 

A basic discussion 
of phase-locked loops 
and how they 
are used in 
communications systems 

In electronic systems, information can be ex¬ 
pressed in four ways: voltage, current, frequency, 
and phase angle. In modern electronics, operational 
amplifiers have become the basic building blocks for 
circuits which manipulate voltages and currents. But 
what about frequency and phase angle? Enter the 
phase-locked loop or PLL. 

The first widespread use of the phase-lock system 
was in TV receivers to synchronize the horizontal and 
vertical sweep oscillators to the transmitted sync 
pulses. Lately, narrowband phase-locked receivers 
have proved to be of considerable benefit in tracking 
weak satellite signals. This is due to the superior 
noise immunity of PLL systems. Although it's not 
well known, the synchronous reception of radio sig¬ 
nals using the PLL technique was first described in 
the early 1930s; it was known as a "homodyne" 
receiver. 

In the early days, applications using PLLs had to 
be implemented using discrete components. Even 
after the advent of transistors, the PLL circuit was 


development of single chip PLLs changed things 
considerably. A single package device, used with a 
few external components, offers all the benefits of 
PLL operation while making their use practical, 
uncomplicated, and economical. 

PLL theory 

Just what is a PLL and how does it do all this fre¬ 
quency manipulating? The op amp is a voltage/cur¬ 
rent feedback system; that is, a portion of the output 
is fed back to the input. In an op amp circuit, this 
feedback component is a current. The PLL is a feed¬ 
back system but in this case the component fed back 
is a frequency. Fig. 1 shows a block diagram of a 
feedback system. 

A phase-locked loop is basically an electronic ser¬ 
vo loop. The function of a PLL is to detect and track 
small differences in phase and frequency existing be¬ 
tween the input and a reference signal. A block dia¬ 
gram of a basic PLL system is shown in fig. 2. In this 
circuit the voltage-controlled oscillator is driven in 
the direction that will minimize the error signal. Note 
the similarities between figs. 1 and 2. 

Like most other complex circuits, phase-locked 
loops have special terms associated with them; 
understanding their operation is easier when you 
become familiar with the language. The following is a 
brief glossary of terms encountered with PLLs: 

Capture range. The range of frequencies over 
which the loop can detect a signal on the input 
and respond to it. This is sometimes called the 
lock-in range (lock-in range refers to how close 
the signal must be to the center frequency before 
acquisition can occur; thus it is one-half the cap¬ 
ture range). 

Current controlled oscillator. An oscillator in 
which the frequency is determined by an applied 
current. 

Damping factor. In a PLL this refers to the ability 
of a loop to respond quickly to an input frequency 
step without excessive overshoot. 

Free-run frequency (/ 0 ). Also called the center 
frequency; it is the frequency of the vco with no 


considerably complex. Thus, the use of PLL methods I input signal, 
in most electronic systems was both expensive and ■ 

impractical. By Bob Marshall, WB6FOC, Analog Applica- 

in the late 1960s Signetics Corporation developed tions, Signetics Corporation, Post Office Box 
monolithic circuit versions of the PLL system. This 9052, Sunnyvale, California 94086 
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Lock range. The range of frequencies over which 
the loop will remain in lock; also called tracking 
range. 

Loop gain (K t ). Product of the dc gains of all the 
loop elements; in units of sec ~ 1 . 

Loop noise bandwidth. A loop relating to damp¬ 
ing and natural frequency which describes the ef¬ 
fective bandwidth of the input signal. 

Lowpass filter. A filter which permits only dc 
and low frequencies to travel around the loop; it 
determines the capture range of the loop. 

Natural frequency. The characteristic frequency 
of the loop (not to be confused with free-running 
frequency). 

Phase detector gain factor (K d ). The conver¬ 
sion factor between the phase detector output 
voltage and the phase differences of the input and 
vco signals; expressed in volts-radians. 

Phase detector. A circuit which compares the 
relative phase between two inputs and produces 
an error voltage dependent on the difference. This 
error voltage corrects the vco frequency during 
tracking. Sometimes called a phase comparator or 
mixer. 

Quadrature phase detector. A phase detector 
operated in quadrature (90° out of phase) with the 
loop detector. 

VCO conversion gain ( K 0 ). Conversion factor 
between vco frequency and control voltage in ra¬ 
dians/sec/volt. 

Voltage Controlled Oscillator or VCO. An 
oscillator whose frequency is determined by an 
applied control voltage. 

loop operation 

As was mentioned earlier, the PLL is a feedback 
system; therefore, it can be characterized mathemat- 



fig. 1. Block diagram of feedback system shows the 
basic arrangement of both operational amplifiers and 
phase-locked loops. Current feedback is used in an op 
amp whereas a frequency component is fed back in a 
phase-locked loop. 


ically by the same equations that apply to other, 
more conventional feedback systems. However, the 
parameters in the PLL equations deal with phase 
rather than a current or voltage. 

A mathematical analysis of a PLL can get pretty 
hairy but a qualitative analysis will explain the basic 
principle of PLL operation. During the following dis¬ 
cussion, it will be helpful to refer to fig. 3. 

With no input signal applied, the error voltage V d 
is zero. The vco will operate at a set frequency f 0 or 
the free-run frequency. When an input signal is ap¬ 
plied to the system, the phase detector compares the 
phase and frequency of the input with the vco fre¬ 
quency. This generates an error voltage Ve(,) that is 
related to the phase and frequency difference be¬ 
tween the two signals; this error voltage is then fil¬ 
tered, amplified, and applied to the control terminal 
of the vco. In this manner, the control voltage V d (t) 
forces the vco frequency to vary in a direction that 
reduces the frequency difference between f Q and the 
input signal. 

If the input frequency f ( is sufficiently close to f 0 , 
the feedback nature of the PLL causes the vco to 
synchronize or lock with the incoming signal. Once in 
lock, the vco frequency is identical to the input signal 
except for a finite phase difference. This net phase 
difference 8 0 is necessary to generate the corrective 
error voltage V d to shift the vco frequency from its 
free-running value to the input signal and thus, keep 
the PLL in lock. This self correcting ability of the sys¬ 
tem allows the PLL to track frequency changes of the 
input signal once it is locked. 

Another way of describing the operation of the 
PLL is to observe that the phase detector is, in actu¬ 
ality, a multiplier circuit that mixes the input signal 
with the vco signal. The mixer produces the sum and 
difference frequencies (/ 7 ±/ 0 ). When the loop is in 
lock, the vco duplicates the input frequency so that 
the difference frequency component ( \fi~f 0 ) is zero; 
hence the output of the phase comparator contains a 
dc component. The lowpass filter removes the sum 
frequency component (/, +/ 0 ) but passes the dc com¬ 
ponent which is amplified and fed back to the vco. 
Notice that with the loop in lock, the difference fre¬ 
quency component is dc and independent of the 
band edge of the lowpass filter. 

lock and capture 

What happens before the loop is locked? Let's 
assume for a moment that there is a frequency on the 
input to a PLL. The phase comparator mixes this in¬ 
coming frequency with the free running vco frequen¬ 
cy. If the difference frequency (f L -f 0 ) is greater than 
the band edge of the lowpass filter, the input to the 
vco is still zero so the vco remains at its free-run fre- 
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fig. 2. Basic phase-locked loop consists of a phase detector, 
lowpass filter, and voltage-controlled oscillator (vco). The 
vco is driven in a direction which minimizes the error signal. 


quency. As the input frequency approaches that of 
the vco, f] -f 0 decreases and approaches the band 
edge of the lowpass filter. Now some of the differ¬ 
ence component is passed to the vco control. This in 
turn decreases the frequency difference component 
which allows more information through the filter. 
This positive feedback mechanism causes the vco to 
snap into lock with the input signal. Thus, the cap¬ 
ture range is again defined as the "'frequency range 
centered about the vco free-run frequency over 
which the loop can acquire lock/' 

Once the loop is locked,/; -f 0 is essentially dc and 
thus unaffected by the lowpass filter. The lock range 
is limited by the range of the error voltage that can be 
generated and the corresponding deviation in vco 
frequency which is produced. 

It is important to distinguish the difference be¬ 
tween capture range and lock range. Lock range is 
defined as the frequency range, usually centered 
about the initial vco frequency, over which the loop 
can track the input signal once lock has been 
achieved. The total time required for the vco to ob¬ 
tain a locked condition is called the pull-in time. Pull- 
in time depends on the initial frequency and phase 
difference between the two signals and the overall 
loop gain as well as the lowpass filter. 

effects of the lowpass filter 

In the operation of the loop, the lowpass filter 
serves a dual function. First, by attenuating the high- 
frequency error component (/ L + f Q ) at the output of 
the phase comparator, it improves the interference- 
rejection characteristics; second, it provides a short 
term memory for the PLL and ensures a rapid recap¬ 
ture of the signal if the system is thrown out of lock 
because of a noise transient. Reducing the lowpass 
filter bandwidth has the following effects on system 
performance: 

1. The capture process becomes slower and in¬ 
creases the pull-in time. 

2. Capture range decreases. 

3. Interference-rejection properties improve since 
the error voltage caused by an interfering signal is 
attenuated further by the lowpass filter. 


4. The transient response of the loop (the re¬ 
sponse of the PLL to sudden changes of the input 
frequency within the capture range) becomes un¬ 
damped. 

This last effect also produces a practical limitation on 
the lowpass loop filter's bandwidth and roll-off char¬ 
acteristics from a stability standpoint. A detailed an¬ 
alysis of a PLL under lock condition using Laplace 
transforms will prove that if either the loop gain or 
the filter time constant is too large, the loop itself will 
break into sustained oscillations. 

The lock range of the PLL,/ l , can be shown to be 
numerically equal to the dc loop gain K v 


4rf L = 2os L = 2 K v 

Since the capture range, f c , denotes a transient con¬ 
dition, it is more difficult to derive, but with a simple 
lag filter the capture range can be approximated as 





where r; is the time constant of the loop and f L is the 
lock frequency. Thus, the capture range increases as 
the time constant of the filter decreases, while the 
lock range is a function of the dc loop gain. 

Fig. 4 shows the typical frequency-to-voltage 
transfer characteristics of the PLL. The input is 
assumed to be a sine wave whose frequency is swept 
slowly over a broad range of frequencies. The ver¬ 
tical scale is the corresponding error voltage of 
the loop. 

Fig. 4A shows the loop error voltage with an in¬ 
creasing frequency. The loop does not respond until 
the frequency reaches f lt which corresponds to the 
lower edge of the capture range. At that time the 
loop suddenly locks on the input and causes a nega¬ 
tive jump of the loop error voltage. As the frequency 
continues to increase, the loop error voltage in¬ 
creases. Notice that is zero when the incoming 
signal/ equals f Q . The loop continues to track the in¬ 
coming signal until the frequency equals/>; this cor¬ 
responds to the upper edge of the lock range. The 
PLL then loses lock and returns to zero. 



fig. 3. Diagram of a phase-locked loop showing the fre¬ 
quency and voltage relationships in the system. See text 
for description of operation. 
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The slope of V d is equal to the reciprocal of the vco 
gain il/K 0 ) measured in volts/radians/sec. If the in¬ 
put frequency is swept slowly back (illustrated by 
fig- 4B), nothing happens until the incoming fre¬ 
quency reaches f 3 . The loop continues to track until 
f 4 where it breaks lock and the error returns to zero. 
The total lock and capture ranges of the system are: 


2flL ~fl —ft (lock) 

2f c =f)-fi (capture) 

As indicated by the transfer characteristics of fig. 
4, the PLL has an inherent selectivity about the cen¬ 
ter frequency set by the free running vco frequency 
f 0 . It can also be seen that the loop will respond to in¬ 
put signal frequencies that are separated from f Q or f L 
depending on whether the loop starts with or without 
an initial lock condition. The linearity of the frequen- 
C y~to-voltage conversion characteristics for the PLL 
is determined solely by the vco conversion gain. For 
most PLL applications, the vco is required to have a 
highly linear voltage-to-frequency transfer charac¬ 
teristic. 

functional applications 

Now that you are familiar with what a PLL is, you 
probably wonder what it all means and what it can do 
for you. As a functional building block the PLL is 
suitable for a wide variety of frequency related appli¬ 
cations. These applications generally fall into one or 
more of the following catagories: fm demodulation, 
frequency synthesis, frequency synchronization, sig¬ 
nal conditioning, a-m demodulation, and frequency 
modulation, 

fm demodulation 

If the PLL is locked to an fm signal, the vco will 
track the instantaneous frequency of the input sig¬ 
nal. The filtered error voltage Vd, which forces the 
vco to maintain lock with the input signal, then 
becomes the demodulated fm output. The linearity 
of the vco's voltage-to-frequency transfer character¬ 
istic determines the linearity of the demodulated sig¬ 
nal. Some typical fm demodulation applications are 
discussed below. 

Broadcast fm detection, In this application, the 
PLL can be used as a complete fm i-f strip, limiter, 
and fm detector. It can be used to detect wide- or 
narrow-band fm signals with greater linearity than 
can be obtained by other means for frequencies with¬ 
in the range of the vco (presently up to about 50 
MHz). One increasingly popular use of the PLL is in 
scanning receivers where a number of broadcast 
channels may be sequentially monitored by simply 



«*— lock range — 

L CAPTURE J 

^ RANGE ^ 

Q DECREASING FREQUENCY 


fig. 4. Frequency-to-voltage transfer characteristics of 
a phase-locked loop for increasing input frequency. A, 
and decreasing input frequency, B. 


varying the vco free-run frequency. (Scanning re¬ 
ceivers are also using a digital PLL technique which 
is, in principle, similar to linear PLLs). 

Fm telemetry. This involves demodulation of a fre¬ 
quency-modulated subcarrier. One example is the 
use of the PLL to recover the SCA (storecast music) 
signal from the combined signal of commercial fm 
broadcast stations. The SCA signal is a 67-kHz fm 
subcarrier which puts it above the frequency spec¬ 
trum of the normal stereo or monaural program 
material. 

Frequency-shift keying (FSK). This is essentially 
digital fm. Frequency-shift keying is a means for 
transmitting digital information by a carrier which is 
shifted between two discrete frequencies (as in 
RTTY, for example). In this case, the two discrete 
frequencies correspond to a digital 1 (mark) and a 
digital 0 (space), respectively. When the FSK signal 
is connected to a PLL, the demodulated output (error 
voltage) shifts between two discrete voltage levels 
which correspond to the demodulated binary output. 

frequency synthesizer 

Frequency multiplication can be achieved with the 
PLL in two ways: locking to a harmonic of the input 
signal, or insertion of a counter (digital frequency 
divider) in the loop. Harmonic locking is the simpler 
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fig. 5. Phase-locked loop frequency synthesizer using a 
digital frequency divider. 


and is achieved by setting the vco free-run frequency 
to a multiple of the input frequency and allowing the 
PLL to lock. A limitation of this scheme, however, is 
that the lock range decreases as successively higher 
and weaker harmonics are used for locking. This 
limits the practical harmonic locking range. For large 
multiples, the use of a digital frequency divider pro¬ 
vides better results; the basic arrangement is shown 
in fig. 5. The loop is broken between the vco and the 
phase detector and a counter is inserted. In this case, 
the fundamental of the divided vco frequency is 
locked to the input frequency so the vco is actually 
running at a multiple of the input frequency. The 
amount of multiplication is determined by the 
counter. 

In frequency multiplication applications, it is im¬ 
portant to remember that the phase comparator is 
actually a mixer and its output contains the sum and 
difference frequency components. The difference 
frequency component is dc and is the error voltage 
which drives the vco to keep the loop in lock. The 
sum frequency components (basically twice the fre¬ 
quency of the input), if not well filtered, will induce 
incidental fm on the vco output. This happens 
because the vco is running at many times the input 
frequency. The sum frequency component appear¬ 
ing at the control voltage input of the vco causes a 
periodic variation of its frequency about the desired 
multiple. For frequency multiplication, it is generally 
necessary to filter quite heavily to remove this sum 
component. The tradeoff is reduced capture range 
and a more underdamped loop transient. The size of 
the loop filter limits the minimum input frequency. 

frequency synchronization 

Using a PLL system, the frequency of a less pre¬ 
cise vco can be phase locked with a low level but 
highly stable reference signal. The vco output repro¬ 
duces the reference signal at the same per unit accu¬ 
racy but at a much higher power level. In some appli¬ 
cations, the synchronizing signal can be a low duty 
cycle burst at a specific frequency. The PLL can be 
used to regenerate a coherent CW reference fre¬ 


quency by locking onto the short synchronizing 
pulse. An example of this is phase-locked chroma- 
reference generators in color television receivers. 

In digital systems the PLL can be used for a variety 
of synchronization functions. For example, two 
clocks can be phase locked to each other so that one 
can function as the backup for the other. Other pop¬ 
ular applications include locking to National Bureau 
of Standards' station WWVB to generate an inex¬ 
pensive laboratory frequency standard. 

signal conditioning 

By selecting the proper vco free-run frequency, 
the PLL can be made to lock to any number of sig¬ 
nals present at the input. The vco output tracks that 
frequency while attenuating the undesired frequen¬ 
cies of sidebands present at the input. If the loop 
bandwidth is sufficiently narrow, the signal-to-noise 
ratio at the vco is better than that at the input. 

a-m demodulation 

A-m demodulation can be achieved with a PLL by 
using the scheme shown in fig. 6. In this mode of 
operation the PLL functions as a synchronous a-m 
detector. The PLL locks onto the carrier of the a-m 
signal so the vco output has the same frequency as 
the carrier, but with no amplitude modulation. The 
vco will track the input but with a 90° phase shift; if 
the input is now sent through a 90° phase-shift net¬ 
work and fed into a multiplier, the output of the sec¬ 
ond multiplier will be directly proportional to the 
amplitude of the input signal. The PLL still exhibits 
the capture phenomenon; thus the loop maintains a 
high degree of selectivity centered about the free-run 
vco frequency. Since this method is essentially a 
coherent detection technique which involves the 
averaging of two companded signals, it offers a 
higher degree of noise immunity than a conventional 
peak-detector type a-m demodulator. 

fm modulation 

Since the PLL has a voltage-controlled oscillator, 
it's possible to inject a signal into the loop and cause 
the vco to change frequency. This signal can be in¬ 
jected at the lowpass filter or across the timing com¬ 
ponent; the per cent of modulation is controlled by 



fig. 6. Coherent a-m detector circuit using a phase- 
locked loop. 
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the amplitude of the injected signal — linearity is a 
function of the voltage-to-frequency transfer charac¬ 
teristics of the vco. 

PLL design considerations 

Many integrated circuits use phase-locked loops 
along with specialized circuitry to form specialized 
circuit functions. The versatility of these special sys¬ 
tems has been sacrificed for convenience and circuit 
optimization. Circuits such as the ^A758 Stereo Mul¬ 
tiplex Decoder, TDA2541 Video l-F System, and 
others have built-in PLLs which have been optimized 


expected input frequency range. Since the loop's 
capture ability is a function of the difference between 
the incoming and free-running frequencies, the band 
edges of the capture range are always centered 
about the free-run frequency. Typically the lock 
range is also centered about the free-run frequency. 
By choosing a center frequency offset from the in¬ 
coming signal, the detection or tracking range of the 
loop is limited to one side. This permits rejection of 
an adjacent higher (or lower) frequency signal and 
still permits wideband operation (narrowband opera¬ 
tion reduces tracking speed). 


table 1. User's guide to phase-locked loop ICs. 

output frequency 




max 


swing 

center 

drift/w 



typical 

supply 


upper 

lock 

fm 

±5% 

frequency 

supply 

input 

a-m 

supply 

voltage 


freq 

range 

distor¬ 

deviation 

stability 

voltage 

resist¬ 

output 

current 

range 


(MHz) 

<%F 0 

tion 

(volts p-p) 

(ppm/°C) 

(%/V) 

ance 

avail 

(mA) 

(volts) 

NE560 

30 

40% 

0.3% 

1 

±600 

0.3 

2k t 

no 

9 

+ 16 to +26 

NE561 

30 

40% 

0.3% 

1 

±600 

0.3 

2k t 

yes 

10 

+ 16 to +26 

NE562 

30 

40% 

0.5% 

1 

±600 

0.3 

2k t 

no 

12 

+ 16 to + 30 

NE564 

50 

30% 



±200 





+ 5 to + 10 

NE565 

0.5 

120% 

0.2% 

0.15 

±200 

0.16 

5k t 

no 

8 

± 6 to ±12 

SE565 

0.5 

120% 

0.2% 

0.15 

±100 

0,08 

5k t 

no 

8 

± 6 to ± 12 

NE567 

0.5 

14% 

5%* 

0.20 

35 ±60 

0.7 

20k t 

yes* 

7 

+ 4.75 to + 9 

SE567 

0.5 

14% 

5%* 

0.20 

35 ±60 

0.5 

20k t 

yes* 

6 

+ 4.75 to +9 

NE566 

0.5 

N/A 

0.2% 

30% /V§ 

±200 

0.16 



7 

+ 12 to +26 

SE566 

0.5 

N/A 

0.2% 

30%/V§ 

±100 

0.08 



7 

+ 12 to +16 


* A-m and frrt outputsare available, but are not optimized for linear demodulation, 
t Input biased internally. 

§ Figure shown is vco gain in per cent deviation per volt. 


to perform best in those applications. But there are 
also PLLs which can be used as basic building 
blocks; these offer the most flexibility in circuit 
design. Signetics offers three basic classes of single¬ 
chip PLL circuits: the general purpose PLL, a PLL 
with an added multiplier, and the PLL tone decoder. 
National Semiconductor has a general-purpose PLL 
and a tone decoder. A more complete list of the PLLs 
available from various manufacturers is detailed in 
table 1. 

To obtain the optimum performance from a PLL 
circuit it is important that the user become familiar 
with the tradeoffs that can be made. To be more spe¬ 
cific, the following discussion will be directed at the 
560, 561, 562, 564, 565, 566, and 567 phase-locked 
loops. The tradeoffs and loop conditions, however, 
will hold true for all basic PLLs. Generally speaking, 
the user is free to select the frequency, tracking or 
lock range, capture range, and input amplitude. 

center frequency selection 

Setting the center frequency is accomplished by 
selecting one or two external components. This free- 
running frequency is usually set in the center of the 


As was mentioned earlier, the loop uses a multipli¬ 
er in which the input signal is multiplied by a unity 
square wave at the vco frequency. The odd harmon¬ 
ics present in the square wave permit the loop to lock 
to input signals at these odd harmonics. Thus the 
center frequency may be set to 3 times or 5 times the 
input signal. The tracking range will, however, be 
considerably reduced as higher harmonics are used. 

It should also be noted that the PLL can lock onto 
the harmonic of the desired signal. If this is not ac¬ 
ceptable, steps must be taken (such as prefiltering) 
to prevent undesired lockup of the loop to harmoni¬ 
cally related signals. 

In evaluating the loop for a specific application, 
compute the magnitude of the expected signal com¬ 
ponent nearest f 0 . This magnitude can be used to 
estimate the lock and capture range. 

The PLLs are stabilized against center frequency 
drift due to power supply variations and the 565 and 
567 are temperature compensated over the full mili¬ 
tary temperature range (-55 to 125°C). All of the 
loops are affected by external components which 
must have equal (or better) stability over the desired 
operating temperature range. 
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Two things limit the lock or tracking range of a 
PLL First, any vco can only swing so far; if the input 
signal frequency goes beyond this limit, lock will be 
lost. Second, the voltage developed by the phase de¬ 
tector is proportional to the product of both the 
phase and the amplitude of the in-band component 
to which the loop is locked. If the signal amplitude 
decreases, the phase difference between the signal 
and the vco must increase to maintain the same out- 


the lowpass filter should have a high cutoff frequen¬ 
cy. However, a lowpass filter with a high cutoff fre¬ 
quency will attenuate the sum frequencies to a lesser 
extent so the output contains a significant and often 
bothersome signal at twice the input frequency. (Re¬ 
member that the multiplier forms both the sum and 
difference frequencies; during lock the difference fre¬ 
quency is zero, but the sum frequency at twice the 
locked frequency is still present.) If necessary, the 


Vfcc 

+tav 



fig. 7. 10.7-MHz fm demodulator using an NE560 PLL 1C. Design details are given in the text. 


put voltage and, hence, the same frequency devi¬ 
ation. 

It often happens with low input amplitudes that 
even the full ± 90° phase range of the phase detector 
cannot generate enough voltage to permit tracking 
over wide deviations. When this occurs, the effective 
lock range is reduced. Therefore, if the input signal is 
weak, you must give up some tracking capability and 
accept greater phase errors. Conversely, a strong in¬ 
put signal will allow you to use the entire vco swing 
capability and keep the vco phase (referred to the in¬ 
put signal) very close to 90° throughout the range. 

Mote that tracking range does not depend on the 
lowpass filter. If a lowpass filter is in the loop, how¬ 
ever, it will have the effect of limiting the maximum 
rate at which tracking can occur. Obviously, the volt¬ 
age across the lowpass filter capacitor cannot 
change instantly, so lock may be lost when suffi¬ 
ciently large step changes occur. Between the con¬ 
stant frequency input and the step-change frequency 
input is some limiting frequency slew rate at which 
lock is just barely maintained. When tracking at this 
rate, the phase difference is at its limit of 0° to 180°. 
It can be seen that if the lowpass filter's cutoff fre¬ 
quency is low, the loop will be unable to track as fast 
as when the lowpass filter's cutoff frequency is high¬ 
er. Thus, when maximum tracking rate is needed, 


unwanted sum frequency component can be filtered 
out with an external lowpass filter. 

capture range control 

There are two main reasons for making the low- 
pass filter time constant large. First, a large time con¬ 
stant provides an increased memory effect in the 
loop so that it remains at or near the operating fre¬ 
quency during momentary fading or loss of signal. 
Second, the large time constant integrates the phase 
detector output so that increased immunity to noise 
and out-band signals is obtained. 

In addition to the lower tracking rates of large loop 
filters, other penalties must be paid for the benefits 
gained; the capture range is reduced and the capture 
transient becomes longer. Reduction of capture 
range occurs because the loop must use the magni¬ 
tude of the difference frequency component at the 
phase detector to drive the vco toward the input fre¬ 
quency. If the cutoff frequency of the lowpass filter 
is low, the difference component amplitude is re¬ 
duced and the loop cannot swing as far. Thus, cap¬ 
ture range is reduced. 

choice of input level 

Whenever amplitude limiting of the in-band signal 
occurs, whether in the loop input stages or prior to 
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the input, the tracking (lock) and capture ranges 
become independent of signal amplitude. 

Better noise and out-band signal immunity is 
achieved when the input levels are below the limiting 
threshold since the input stage is in its linear region 
and the creation of cross-modulation components is 
reduced. Higher input levels will allow somewhat 
faster operation due to greater phase detector gain 
and will result in a lock range which becomes con¬ 
stant with amplitude as the phase detector gain 
becomes constant. Also, high input levels will result 
in a linear phase-versus-frequency characteristic. 

lock-up time and 
tracking speed control 

In tracking applications, lock-up time normally has 
little consequence, but occasions do arise when it is 
desirable to keep lock-up time short to minimize data 
loss when noise or extraneous signals drive the loop 
out of lock. Lock-up time is of great importance in 
tone decoder type applications. Tracking speed is im¬ 
portant if the loop is used to demodulate an fm sig¬ 
nal. Although tthe following discussion dwells largely 
on lock-up time, the same comments apply to track¬ 
ing speed. 

No simple expression is available which adequately 
describes the acquisition or lock-up time. This will be 
better appreciated after you have reviewed the fol¬ 
lowing factors which influence lock-up time: 

1. Input phase 

2. Lowpass filter characteristic 

3. Loop damping 

4. Deviation of input frequency from center 

frequency 

5. In-band inputamplitude 

6. Out-of-band signals and noise 

7. Center frequency 

Fortunately, it is usually sufficient to know how to 
improve the lock-up time and what must be traded 
off to obtain faster lock-up. Suppose you have set up 
a loop or tone decoder and find that occasionally the 
lock-up transient is too long. Remember all the fac¬ 
tors that influence lock, what can be done to improve 
the situation? 

1. Initial phase relationship between the incom¬ 
ing signal and the vco; this is the greatest single fac¬ 
tor influencing the lock time. If the initial phase is 
wrong, it first drives the vco frequency away from 
the input frequency so the vco frequency must walk 
back on the beat notes. The only way to overcome 
this variation is to send phase information all the time 



fig. 8. Free-running oscillator frequency as a function of vco 
timing capacitance. 


so that a favorable phase relationship is guaranteed 
at t = 0. Usually, however, the incoming phase can¬ 
not be controlled. Using two TTLs with the voltage- 
controlled oscillators synchronized 90° apart reduces 
worst-case lock-up time by one-half because the in¬ 
put can never be more than 45° out of phase with 
one of the loops. 

2. Lowpass filter. The larger the time constant of 
the lowpass filter, the longer the lock-up time. You 
can reduce the lock-up time by decreasing the filter 
time constant, but in doing so you sacrifice some of 
the noise immunity and out-of-band signal rejection 
which caused you to use a larger filter in the first 
place. You must also accept a sum frequency {twice 
the vco frequency) component at the lowpass filter 
and greater phase jitter resulting from out-of-band 
signals and noise. In the case of the tone decoder 
{where control of the capture range is required since 
it specifies the device bandwidth) a lower value low- 
pass capacitor automatically increases bandwidth. 
You gain speed only at the expense of added band¬ 
width. 

3. Loop damping for a simple time constant low- 
pass filter is: 



Damping can be increased not only by reducing r, as 
discussed above, but also by reducing the loop gain 
K v . By using the loop gain reduction to control band- 
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fig. 9. Typical RC lowpass filters. Approximate for- 
mulas describing their frequency response are 
presented in the text. 

width or capture and lock range, you achieve better 
damping for narrow bandwidth operation. The penal* 
ty for this damping is that more phase detector out¬ 
put is required for a given deviation so that phase er¬ 
rors are greater and noise immunity is reduced. Also, 
more input drive may be required for a given devi¬ 
ation. 

4. Input frequency deviation from free-running 
frequency. Naturally, the further an applied input sig¬ 
nal is from the free-running frequency of the loop, 
the longer it will take the loop to reach that frequency 
because of the charging time of the lowpass filter 
capacitor. Usually, however, the effect of this fre¬ 
quency deviation is small compared to the variation 
resulting from the inital phase uncertainty. Where 
loop damping is very low, however, it may be pre¬ 
dominant. 


with the reduced phase detector output (see 4 
above). 

6. Out-band signals and noise. Low levels of ex¬ 
traneous signals and noise have very little effect on 
the lock-up time, neither improving or degrading it. 
However, large levels may overdrive the loop input 
stage so that limiting occurs, at which point the in- 
band signal starts to be suppressed. The lower effec¬ 
tive input level can cause the lock-up time to in¬ 
crease, as discussed in 5 above. 

7. Center frequency. Since lock-up time can be 
described in terms of the number of cycles to lock, 
fastest lock-up is achieved at higher frequencies. 
Thus, whenever a system can be operated at a higher 
frequency, lock will typically be faster. Also, in sys¬ 
tems where different frequencies are being detected, 
on average the higher frequencies will be detected 
before the lower frequencies. Because of the wide 
variation due to initial phase, however, the reverse 
may be true for any single trial. 

In all of the above design considerations, it is im¬ 
portant to remember that the PLL is a dc loop. Any 
dc level change injected into the loop will affect its 
operation. The loop is also sensitive to temperature 
changes because most voltage-controlled oscillators 
have a temperature coefficient of around 600 
ppm/C°. The resistors and capacitors used in the fre- 



fig. 10. A-m detector for 455-kHz i-f using the NE561 PLL. 


5. In-band input amplitude. Since input ampli¬ 
tude is one factor in the phase detector gain K d , and 
since K d is a factor in the loop gain K v , damping is 
also a function of input amplitude. When the input 
amplitude is low, the lock-up time may be limited by 
the rate at which the lowpass capacitor can charge 


quency determining network also have temperature 
coefficients which must be considered when design¬ 
ing circuits using the PLL. 

design examples 

Let's take a look at a practical design example 
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using the NE560 PLL as a 10.7-MHz fm demodulator 
(see fig. 7). 

Supply voltage. Generally, the operating voltage is 
determined by the available power supply or the 
device data sheet. The manufacturers specify the 
Vcc at which the device parameters were measured. 
This simplifies the Vqq selection since the device is 
tested at an optimum voltage; for the NE560 this 
voltage is 18 volts. Capacitor Cl is a decoupling ca¬ 
pacitor for the supply and should be located as close 
as possible to the Vcc P' n °f the 

VCO free-run frequency. Since this is a 10.7-MHz 
detector, the approximate timing capacitance can be 
found on the data sheet graph. This graph (fig. 8) 
shows that the timing capacitor should be about 22 
pF. An approximate value for the timing capacitor 
can be found from: 

r 

°~ fc 



fig. 11. 10.7-MHz fm modulator using the NE560 PLL. 
Resistor R8 provides ± 10% variation of the center frequen¬ 
cy. For best waveform linearity resistors R4 and R5 should 
be equal; minimum value for R4 and R5 is 20k. 


where C Q is in pF and f Q is in MHz. Using this formu¬ 
la, the capacitor is calculated to be about 28 pF. The 
design example uses a 22-pF capacitor in parallel 
with an 8-pF trim capacitor for fine tuning. 


Lowpass filter. The output of the phase detector is 
the sum and the difference of the input fm signal and 
the vco frequency. The loop filter must remove the 
sum component. Because the modulation on the in¬ 
coming signal contains the information desired, it is 
necessary to retain the difference frequency. In addi¬ 
tion, the attenuation of the high-frequency compo¬ 
nent increases the interference rejection characteris¬ 
tics. To maintain loop stability at all signal levels, the 
loop cannot cause more than 12 dB per octave 
rolloff. 

Fig. 9 shows several lowpass filter configurations. 
The circuits of figs. 9A and 9B can provide 6 dB per 
octave rolloff at the desired bandwidth frequency; re¬ 
sistor R x in 9C and 9D will break the response up at 
higher frequencies. R x is typically between 50 and 
200 ohms. Because of the complexities of the trans¬ 
fer functions, which many designers use to charac¬ 
terize these filters, it is usually easier to use approxi¬ 
mation formulas for the lowpass filter. For fig. 9A 
and 9B the formula is 


C~ 


26.6 

f 




where /is the desired cutoff frequency. The lowpass 
filters of fig. 9C and 9D can be approximated by 


C = 


13.3 

f 




Assuming that the desired frequency bandwidth of 
the demodulated signal is 15 kHz, the filter capacitor 
values (C2 and C3 in fig. 7) are 


r _ 13.3 x 10~ 6 
U 13x10* 


= 886 pF 


or approximately 0.001 fiF 

Resistors R1 and R2 were selected to be between 50 
and 200 ohms; I used 150-ohm resistors. 


De-emphasis filter. Standard fm broadcast stations 
use a de-emphasis time constant of approximately 75 
microseconds. According to the NE560 data sheet, 
the internal resistance into pin 10 is 8k. The 3 dB roll¬ 
off frequency is given by 


I MB = 2xR^c d where Rd is 8000 

For a time constant of 75 microseconds 


= 00094 

In practice, we can use a 0.01 fif capacitor since the 
internal resistance has a ±20 per cent tolerance. 

Output. The output, pin 9, has a 15k dc load and ac 
coupled output, The detected output amplitude for 
75 kHz deviation, according to the data sheet, is 30 
mV minimum. The demodulated output is emitter 
coupled and requires a dc path to ground. 


At frequencies greater than 5 MHz, the filters of fig. Input level. The input level required for a constant 

9C and 9D will provide greater loop stability. tracking range is 2 mV. Also, the a-m rejection char- 
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table 2. Dedicated ICs which use phase-locked loops. 


function 

part number 

manufacturer 

FSK modulator/ 
demodulator 

XR210 

Exar 

CB synthesizer 

HCTR0340 

Hughes 


MC15104 

Motorola 


MM55104 

National 


NE575 

Signetics 


SP8920 

Plessey 

TV synthesizer 

NC6410 

Nitron 

Tone decoder 

NE567 

Signetics 


LM567 

National 


XR567 

Exar 

Stereo decoder 

m A758 

Signetics 


LM1310 

National 


LM1800 

National 

VCO function generator 

NE566 

Signetics 


LM566 

National 


11C58C 

Fairchild 


MC4024 

Motorola 


acteristic for high input signal levels is reduced for 
signals greater than 30 mV, so the input signal should 
be between 2 and 20 mV. 

synchronous a-m detector 

Because the NE561 has a multiplier incorporated 
on the chip, it is possible to accomplish synchronous 
a-m detection; fig. 10 shows the circuit. The vco 
tracks the input to the phase detector with a 90° 
phase shift. By shifting the input signal 90° the vco 
and the input become in phase. These signals are 
mixed in the multiplier — the output is the a-m signal 
(due to the amplitude difference of the input, the 
constant amplitude of the vco, and the 90° phase dif¬ 
ference). 

To accomplish this phase shift of the input, a sim¬ 
ple RC lag network is used. The values of R1, C3, R2, 
and C4 are calculated using the relationship 

R1C3-R2C4- „4? (assume Rl = 12k) 

ThusC5=C4 = ———— -5 = 29 pF 
2i;455xl0 3 xl2xl03 r 

(Use a standard value, 27 pF.) 

The timing capacitor is calculated as 

Q»^V</ 0 inMHz) 

JO 

Q* 660 pF (use a standard value, 680 pF) 

By controlling the current into pin 6 the vco can be 
fine tuned so the absolute value of C6 is not critical. 
By injecting or loading current into pin 6, the vco fre¬ 
quency can be adjusted +20 per cent (with 4 mA 


control current). Since no information is taken from 
the lowpass filter, the filter capacitor, C2, is not criti¬ 
cal; the value is selected to maintain loop stability. I 
used a 0.01 /*F for C2 which worked quite well. 

Capacitors C8, C9, and resistor R c form a post a-m 
filter to eliminate carrier feedthrough; R3 is optional 
because that output is not used. 

frequency modulation 

Since the PLL 1C contains a vco, frequency modu¬ 
lation is accomplished by summing a modulating sig¬ 
nal with the error signal or by changing the dc level to 
control the vco at the modulating rate. Referring to 
fig. 10, if the current into pin 6 becomes a variable 
current, the vco will change frequency at the modu¬ 
lated rate. The vco output is taken at pin 5. 

Another method of changing the frequency is to 
insert offset currents across the timing capacitor. To 
build a 10.7-MHz fm modulator, the circuit of fig. 7 
can be modified as shown in fig. 11. Note that the in¬ 
put is ac grounded and the vco output is taken from 
pin 5. Frequency deviation can be approximated by 
the formula given below. 

f=f \j- 1 

J J° L 1300 R J 

By incorporating a switching arrangement the circuit 
can be used as both an fm demodulator and 
modulator. 

summary 

In addition to the basic PLL, many manufacturers 
have ICs for dedicated applications which incorpor¬ 
ate PLLs into the design. For example, the CA3089 is 
an fm i-f strip which contains all the functions of an 
i-f amplifier and audio detector. Because these parts 
are dedicated to a specific application, however, they 
lose flexibility. Table 2 is a partial list of parts which 
use PLLs in dedicated applications. This list is by no 
means complete, but is an indication of the various 
types of circuits which are presently available. 

In summary, the PLL is a versatile building block 
for use in frequency manipulating circuits. By careful 
design, an awareness of the PLL's limitations, and 
knowledge of the design tradeoffs, you will find them 
as easy to use as operational amplifiers. 
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Bob Stein, W6NBI 


semi-precision 
voltage calibrator for 
digital voltmeters 

If you are relying on your digital voltmeter for accu¬ 
rate voltage measurements, you may have a problem 
which you have never considered — how well is your 
voltmeter calibrated? The specifications for the in¬ 
strument tell you its guaranteed accuracy, and 
should also state the period of time that this accuracy 
will be maintained after calibration. Typically, the 
period is between three months and one year, 
depending on the manufacturer's tests or specman- 
ship. After that, you must accept the DVM's accura¬ 
cy on faith, or have it recalibrated. If you are 
fortunate enough to have access to a calibration- 
standards laboratory, recalibration is no problem. 
Otherwise, you must return the voltmeter to the 
manufacturer's service center at a cost of at least $20 
plus shipping, plus the inconvenience of being with¬ 
out it for several weeks. 

An alternative is to build the voltage calibrator 
described in this article. Although it will not permit 
the same degree of calibration accuracy which can 
be achieved with precision voltage standards, it will 
indicate whether or not your DVM requires recalibra¬ 
tion and will allow you to perform the calibration if 
you are willing to accept about 0.3 per cent accuracy 
on dc and 1 per cent on ac. 

Because of its simplicity, the calibrator has several 
limitations, all of which are based on the assumption 
that most digital voltmeters owned by hams are inex¬ 
pensive, 3-1/2-digit types. First of all, both the ac 
and dc calibration adjustments on the DVM must be 
made by a single control for each, on the lowest ac 
and dc voltage ranges (accuracy of the higher volt¬ 


age ranges is dependent upon the accuracy of the 
input voltage dividers in instruments of this type). 
Second, the DVM calibration voltages specified in the 
instruction book must be within 25 per cent of either 
100 millivolts or 1 volt; the voltage calibrator is 
designed to allow you to choose one of these two 
calibration voltages. And third, the dc input resis¬ 
tance of the DVM must be at least 10 megohms, 
although lower input resistances can be accommo¬ 
dated at the expense of accuracy. 

In addition to the voltage calibrator, an audio-fre¬ 
quency generator having a low output impedance is 
required. This generator must supply a voltage equal 
to the specified ac calibration voltage, at the frequen¬ 
cy specified by the manufacturer of the DVM. Other 
than that, the voltage calibrator is self-contained and 
self-calibrating. 

circuit description 

The voltage calibrator circuit is shown in fig, 1. 
Two LM308 op amps are used in a precision full- 
wave rectifier circuit to obtain an ac calibrating volt¬ 
age by substitution. A reference voltage source, to 
be described later, provides the dc calibrating voltage 
and a reference for the rectifier circuit. Either a 100.0- 
millivolt or a 1.000-volt reference voltage source is 
used, depending on the requirements of the DVM 
undergoing calibration. It can be seen that when 
switch SI is in the DC CAL position, the reference 
voltage source is connected directly to the DVM, per¬ 
mitting calibration of the dc voltage range. 

Since the precision full-wave rectifier is dc coupled, 
it will respond to dc as well as ac; its output can 
therefore be calibrated from the reference voltage 
source. The ac signal from the audio generator is ad¬ 
justed to provide an equivalent dc output from the 
rectifier, which is measured using the DVM (already 
calibrated on its dc range). Since the ac input Is now 
known in terms of the dc output from the rectifier, 
the DVM is connected directly to the audio generator 
and calibrated for ac voltage. 

Let's now examine the precision rectifier, de¬ 
scribed by Dobkin in reference 1 , in more detail. 
LM308 op amps were selected because of their low 
input-bias currents, ensuring that the bias current 
supplied from the reference voltage source would 
not exceed 14 nanoamperes. When an ac voltage is 
applied to the inverting inputs of both op amps, U1 
functions as a half-wave rectifier and produces the 
output shown in fig, 2B. The positive half-cycle of 
the input is inverted in the op amp and applied to the 
inverting input of U2 through CR1 and R6. The in¬ 
verted negative half-cycle of the input is clamped at 
approximately 0.7 volt by CR2, but is isolated from 
U2 by CR1. Therefore the output of U1 which 
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reaches U2 is a true half-wave rectified version of the 
input, having the same peak amplitude, e pk . 

To simplify the explanation, it is best to consider 
the two inputs to U2 separately. The output of U1 is 
applied to U2 through R6. Therefore the gain of U2 
for this input is established by the ratio (R7 -I- R8)/R6. 
If this gain is set at 2.222 by means of GAIN control 
R8, the output resulting from this input would be as 
shown in fig. 2C. Simultaneously, the original ac in¬ 
put is applied to U2 through R4, with the gain of U2 
for this input being determined by the ratio 
(R7 + R81/R4. Since R4 is twice the value of R6, 
within the tolerances of 1-per cent resistors, the gain 
becomes 1.111 for the same setting of R8; the resul¬ 
tant output is shown in fig. 2D. Waveforms C and D 
are summed (more rigorously, the input currents are 
summed), producing the actual output shown in fig. 
2E. Note that this is a full-wave rectified version of 
the ac input, but amplified by a factor of 1.111. The 
dc level at the output of the rectifier circuit is equal to 
the average value of the input signal times the gain of 
the circuit. Since the average value of a sine wave or 
a full-wave rectified sine wave is 0.6366 times the 
peak value, the dc output becomes 0.6366 x 
l.lllep k , or 0.707epk, which is the rms value of the 
ac input. 



. tj i. | J 

DVM AF GEN 


fig. 1. Schematic diagram of the semi-precision voltage 
calibrator. Switch SI must be a nonshorting type rotary 
switch. The reference voltage source is shown in fig. 3. 



fig. 2. Waveforms of the precision full-wave rectifier circuit. 


Note that there are no coupling capacitors within 
the rectifier circuit, allowing it to operate as a dc am¬ 
plifier having a gain of 1.111. Therefore a known dc 
voltage, E, applied to the input will produce an out¬ 
put equal to 1.11 IE. It is this characteristic which 
permits ac calibration using a dc source. 

The input offset voltages of U1 and U2 are nulled 
by means of potentiometers R13 and R14, respec¬ 
tively, in order to establish zero output voltage for 
zero input. The entire circuit may be powered by two 
inexpensive 9-volt transistor batteries, or a dual-volt- 
age power supply can be used; total current drain is 
less than 2 milliamperes. 

The sequence of operation is as follows: The DVM 
is calibrated on its dc range, as described previously, 
when switch SI is set to DC CAL. When SI is set to 
NULL 1, the output of U1 is nulled by means of R13, 
and when SI is set to NULL 2, the output of U2 is 
nulled with R14. In the GAIN position of SI, the dc 
reference voltage source is applied to the rectifier in¬ 
put and GAIN control R8 is adjusted for a dc output, 
indicated on the DVM, of 1.111 times the reference 
voltage. Next, SI is switched to its AC SET position, 
which connects the external af generator to the input 
of the rectifier. The amplitude of the audio-generator 
signal is then adjusted to provide a dc reading on the 
DVM which is equal to the dc reference voltage; 
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therefore the rms value of this ac signal is now equal 
to the dc reference. Finally, SI is set to AC CAL, 
which connects the audio generator directly to the 
DVM. Changing the DVM function switch to AC 
VOLTS then permits calibration of itsac range. 


Also from fig. 3A, 

= Wp~ ~ RJ02 = 7JE2 ~ 8W3 = 0 00001141 
R- 87 637 ohms 


reference voltage source 

As you may have deduced from the discussion so 
far, the accuracy of the voltage calibrator is depend¬ 
ent upon the accuracy of the reference voltage 
source. Fortunately, the source utilizes an inexpen¬ 
sive and commonly available 1.35-volt mercury cell. 
Suitable types, the most expensive of which costs 
about $2, are listed below. All are 1.35-volt reference 
cells. Mercury cells are also made with a 1.4-volt 
emf; they are not usable in this application. 


Mallory 

Eveready 

Burgess 

RM12R 

E12N 

HG12R 

RM401R 

E401N 

HG401R 

RM502R 

E502 

HG502R 

RM601R 

E601 

HG601R 


Although the battery voltage is specified to only 
two decimal places, it's been determined by a large 
equipment manufacturer that the terminal voltage of 
a new battery under about 0.1-milliampere load is 
within a millivolt or two of 1.354 millivolts. This value 
has been used as a basis for the reference voltage. 

Fig. 3A shows the circuit of the 100.0-millivolt 
source, and fig. 3B shows the 1.000-volt source. To 
establish a reference voltage with an accuracy of 
±0.2 per cent, it would be necessary to use selected 
or special values of 0.1 per cent resistors. To elimi¬ 
nate this obviously impractical requirement (for the 
average user), standard values of 1 per cent resistors 
have been specified. However, these must be bridged 
or measured on a calibrated digital ohmmeter which 
is accurate to within ±0.1 per cent. Since it is the 
ratio of the two sections of the voltage divider across 
the battery, (rather than the absolute resistances) 
which determines the reference voltage, it is possible 
to calculate a value for resistor R when the values of 
R101 and R102 are accurately known. Selecting a 
standard 1 per cent value which is closest to the cal¬ 
culated value of R will always result in a divider with¬ 
in the required accuracy.* 

For example, assume that you have borrowed a 
Wheatstone bridge and have determined that the 
values of R101 and R102 for a 100.0-millivolt source 
are 9984.7 and 803.5 ohms, respectively. From 
fig. 3A, 


o ^ R101 

12.340 


9984 .7 
12.340 


796.2 ohms 


*Refer to the end of this article for a source of these resistors. 


The nearest standard 1 per cent resistance value is 
86.6k ohms, which is then connected in parallel with 
R102. If you recalculate R p using the limiting values 
of an 86.6k, 1 per cent resistor (i.e., 85 734 and 
87 466 ohms), and then calculate the ratios of 
RIOl/Rp , you will find that they are well within 0.1 
per cent of 12.540. This holds true for any value of R 
required for the ranges of R101 and R102. 

To simplify the selection of a value for R, R p has 
been plotted against the resistance of R101 in fig. 4 
for both the 100.0-millivolt and 1.000-volt reference 
voltage sources. If the measured value of R102 is 
within 0.1 per cent of R p , R will not be required. If 
the value of R102 is higher than R p , R can be 
selected as described above. If R102 has a measured 
resistance less than R p , it cannot be used, 
necessitating a change in either R101 or R102. 

When the voltage calibrator is in use, either the 
DVM or the precision rectifier input is connected in 
parallel with the bottom section of the voltage 
divider. The effect of this on the 100.0-millivolt 
source is negligible because of the low value of R p . 
However, the effect on the 1.000-volt source cannot 
be disregarded because of the relatively high value of 
R101 in that circuit. Thus the equation for the selec¬ 
tion of R p in fig. 3B, as well as the graphical repre¬ 
sentation in fig. 4, has taken into account the shunt¬ 
ing effect of a typical 10-megohm DVM input 
resistance. 

The equivalent input resistance of the precision 
rectifier circuit (including the effect of the op amps' 



Q / OOO / REFERENCE VOLTAGE SOURCE 


fig. 3. Reference voltage sources for use with the voltage 
calibrator. In each circuit, R is selected so that it, in parallel 
with R102, will satisfy the equations shown next to each cir¬ 
cuit, within ±0.2 per cent. R m in circuit B is the input 
resistance of the DVM. Refer to the text for suitable battery 
types. 
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input-bias currents) will be between 5 and 65 meg¬ 
ohms, depending on the individual devices which are 
used. When connected to the reference voltage 
source, the input voltage to the rectifier circuit will 
differ from that applied to the DVM by less than 0.1 
per cent, which is insignificant compared to the 1 per 
cent accuracy of the precision rectifier. 

Little need be said about building the voltage cali¬ 
brator. The parts layout and arrangement are not at 
all critical, allowing any type of construction to be 
used. Point-to-point wiring on perf or copper-clad 
board will suffice, as will a printed-circuit board. 

It is recommended that potentiometers R13 and 
R14 be multiturn types, because the nulling adjust¬ 
ments are critical. Since the calibrator will be used in¬ 
frequently, these controls as well as GAIN potentiom¬ 
eter R8 can be multiturn, screwdriver-adjust trimmer 
pots. 

One precaution — do not solder the mercury cell 
into the circuit. Rather, buy or build a suitable holder. 
A fresh battery should always be used for calibration; 
the battery must be easily replaceable. 

DVM calibration 

Connect the DVM to be calibrated to the DVM ter¬ 
minals of the voltage calibrator, and set it to the ap¬ 
propriate dc range. Connect an audio-frequency gen¬ 
erator to the AF GEN terminals of the calibrator, with 
the generator output turned down to zero. Apply +9 
and -9 volts dc to the calibrator, and allow the cali¬ 
brator and DVM to warm up for at least 15 minutes. 

The complete calibration procedure is as follows. 
The numerical values given in each step are based on 
using the 100.0-millivolt reference; equivalent values 
for the 1.000-volt reference are in parentheses. 
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fig. 4. Values of R p plotted against the measured resistance 
of R101, from the formulas given in fig, 3. R102 must be 
equal to or greater than R p , as explained in the text. 


1. Set SI to DC CAL and adjust the DVM dc calibra¬ 
tion control for a reading of 100.0 millivolts (1.000 
volt). 

2. Set SI to NULL 1 and adjust NULL 1 potentiom¬ 
eter R13 for a reading on the DVM as close to zero as 
possible. 

3. Set SI to NULL 2 and adjust NULL 2 potentiom¬ 
eter R14 for a reading on the DVM as close as possi¬ 
ble to zero. 

4. Repeat steps 2 and 3; the nulls should be within 
0.1 millivolt (1 millivolt) of zero. 

5. Set SI to GAIN and adjust GAIN control R8 for a 
reading of 111.1 millivolts (1.111 volts) on the DVM. 

6. Set SI to AC SET and adjust the af generator 
output for a reading of exactly 100.0 millivolts (1.000 
volt) on the DVM. Note that the DVM is still set to 
read dc voltage. 

7. Set the DVM to read ac volts and set SI to AC 
CAL. Adjust the DVM ac calibration control for a 
reading of 100.0 millivolts (1.000 volt). 

The DVM is now calibrated within normally accept¬ 
able standards for most amateur work. As the title of 
this article indicates, the calibrator is only a semi-pre¬ 
cision substitute for a voltage calibration standard. 
But for most ham and experimental applications, its 
accuracy should suffice. 

source of precision resistors 

Precision resistors for the voltage calibrator can be 
supplied by Melvin Sales Company, Post Office Box 
5283, San Mateo, California 94402. The following 
sets will be made available: 

postpaid cost, postpaid cost via 


description 

USA & Canada 

air, other countries 

Matched set ( ±0.2%) of 
voltage-divider resistors 
for 100.0-mV source 

$2.50 

$3.00 

Matched set ( ±0.2%) of 
voltage-divider resistors 
for 1.000-V source 

2.50 

3.00 

Set of five 1% resistors 
for precision rectifier 

1.50 

2.00 

*Set of five resistors 
(nominally 100, Ik, 10k, 
100k, and 1M ohms) in¬ 
dividually calibrated to 
±0.1% for use as 

resistance standards 

4.00 

4.50 


*Not required for voltage calibration, but are suitable for checking or ad¬ 
justing resistance ranges of a digital volt-ohmmeter. 


reference 

1, Robert C. Dobkin, "Precision AC/DC Converters,” Linear Brief LB-8, 
National Semiconductor Corporation, Santa Clara, California 95051, 
August, 1969. 

ham radio 


july 1978 Q1 71 












multiband 

J Antenna 


Construction of a 
novel multiband J antenna 
for home or mobile use 
called the “J on a J” 

Need a tri-band, vertical vhf antenna? Does your 
car look like an excited porcupine? Do you have a 30- 
meter tower and want omnidirectional coverage from 
a single antenna structure for all the repeater bands 
without the nulling effects of side mounting? The an¬ 
tenna system described here can be made for 10, 6, 
and 2 meters, 220 and 450 MHz, or all five bands. An¬ 
tennas for the higher frequencies, 144, 220, and 450 
MHz, can also be mounted as a single antenna struc¬ 
ture on a plastic car (the antennas don't require a 
ground plane). Interested? Read on, 

J antennas 

The J antenna has been around a long time. It is 
primarily a ham antenna, never having gained accep¬ 
tance in the commercial world, although it has been 
sporadically manufactured by several companies. 
The J antenna is a half-wavelength radiator mounted 
vertically and end-fed with a quarter-wavelength res¬ 
onant transmission line (basically an end-fed Zep). Its 
angle of radiation and gain are the same as a half¬ 
wavelength antenna; electrically it is similar to the 
coaxial or sleeve antenna. The horizontal radiation 


pattern of the J antenna is almost a perfect circle, 
even when mounted on a metal roof of a car, 
because it doesn't require a ground plane and can be 
mounted well above the vehicle's roof. 

The J antenna is fed at the appropriate point on 
the quarter-wavelength resonant line portion of the 
antenna (see fig. 1). Since the impedance on a reso¬ 
nant quarter-wavelength line goes from zero at the 
shorted end to infinite at the open end, it's possible 
to provide a good match to almost any transmission 
line. For best isolation from the supporting mast, 
however, it's necessary to feed the antenna with a 
balanced feedline; if you use coax, this requires a 
balun. If a balun is too much bother, the antenna can 
be fed directly with coax at the proper impedance 
matching point. In this case there will be some inter¬ 
action between the antenna and the mast. 

multibanding 

After noting that the J antenna doesn't care 
what's below the shorting block at the bottom of the 
quarter-wave section, and it doesn't care about the 
diameter of the radiator (within reason), I concluded 
that a 450-MHz J antenna could be located on top of 
a 144 MHz J as shown in fig. 2. Chris Bushman, 
WB6EEQ, took me seriously and built just such a sys¬ 
tem. That was two years ago and it's still working 
very well. 

Expanding this concept to include other bands 
would give you a single antenna structure, to install 
in that critical spot on the top of your tower, that in- 

By Bob Thornburg, WB6JPI, 13135 Ventura 
Boulevard, Studio City, California 91604 
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eludes 10 meters, 6 meters, 2 meters, 220 MHz, and 
450 MHz. Dimensions are given in table 1 for all 
these although only a 144-220-450 mobile version has 
actually been built and tested by WA6VSK. 


design 

The design of the J antenna is very simple. The 
length of the quarter-wavelength matching section is 
given by 

L = - 1 - 34 (cm) = 2880 (inches) 

JMHz JMHz 


The half-wavelength radiator is approximately twice 
this length or 


L „ 2181 
Imhz 


(cm) = 


(inches) 

JMHz 


The spacing between the mast portion of the quar¬ 
ter-wave section and the quarter-wavelength rod is 
not critical as long as the two are parallel. 


construction 

A mobile 144-220-450 MHz J antenna can be easily 
built from a CB whip. A base station vhf/uhf J that 
includes 10 and 6 meters should be built with alumi¬ 
num tubing. Since the antenna should not be insu¬ 
lated, a push-up mast would work well for the 10 
meter and up antenna. 

The mobile J antenna is made from an ordinary CB 
whip. For strength cut 60 cm (2 feet) from the top of 
the antenna and use this piece for the 144-MHz stub. 
The shorting blocks are aluminum stock drilled as 
shown in fig. 3. The spacers to maintain the stub 
spacing for 144 and 220 MHz are made from plexi¬ 
glass, drilled the same as the corresponding shorting 
block. No plexiglass spacer is needed for the 450- 
MHz section. Cut the quarter-wavelength stubs 


the quarter-wave 200-ohm point is an arbitrary length 
of TV twinlead. Other forms of feedline can also 
be used. 

The 50-ohm coax may be directly fed to the stub at 
the appropriate 50-ohm point with the shield tied to 




fig. 1. Basic J antenna consists of a half-wavelength vertical 
radiator and quarter-wavelength matching section. The bal¬ 
anced feedpoint (use balun with coax feedline) is moved 
along the quarter-wave section until a match is obtained. 
Unbalanced feed may also be used, as described in the text. 
The base of the antenna (shorting bar) may be grounded. 


the opposite side. The stub could also be insulated 
from the shorting block and fed like a quarter-wave 
antenna (which it isn't). In general, the J antenna is 
relatively tolerant of the actual feedpoint or tech¬ 
nique. 


table 1. Construction dimensions for the half-wavelength J antenna. 


frequency 

(MHz) 

A 

B 

C 

D 

E 

F 

29.0 

7.52 m 

2.51 m 

15 cm 

31 8 cm 

6.4 cm 

3.42 m 

52.5 

4.16 m 

1.38m 

10 cm 

19.1 cm 

3.8 cm 

1.89 m 

147.0 

1.49 m 

49.5 cm 

5 cm 

6.4 cm 

1.9 cm 

67.3 cm 

223.5 

97.2 cm 

32.1 cm 

3.8 cm 

4.1 cm 

1.3 cm 

44.1 cm 

440.0 

48.9 cm 

16.5 cm 

2.5 cm 

2.1 cm 

1.3 cm 

22.4 cm 

29.0 

296.5" 

98.75" 

6" 

12.5" 

2.5" 

134.5" 

52.5 

163.75" 

54.50" 

4" 

7.5" 

1.5" 

74.25" 

147.0 

58.50" 

19.50" 

2" 

2.5" 

0.75" 

26.50" 

223.5 

38.25" 

12.63" 

1.5" 

1.63" 

0.5" 

17.38" 

440.0 

19.25" 

6.50" 

1.0" 

0.83" 

0.5" 

8.83" 


about 8-10 cm (3-4 inches) longer than necessary to The feedlines for the higher-frequency antennas 

allow tuning and as a convenient place to store the actually become part of the lower-frequency antenna 

balun (under the shorting block). system. For this reason they must be tied closely to 

The balun is simply a half-wavelength section of the main antenna pole. This provides capacitative 

50-ohm coaxial cable as shown in fig. 4. The feed to coupling through the coax jacket and ensures that 
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the outer shield electrically follows the fields on the 
main antenna; for all practical purposes it becomes 
part of that structure. 

tuning 

As noted previously, the specific location of the 
feedpoints is not too critical. However, the length of 
the stub is very critical and by adjusting the stub 



450 MHt 
ANTENNA 



PLEXIGLASS 

INSULATING 

BLOCK 




fig. 2. Multiband J antennas for 146 and 450 MHz, A, and for 
146, 223, and 450 MHz, B. Antennas built by the author were 
fed with separate coaxial feedlines and baluns. 


length, nearly any antenna length or feedpoint can 
be matched. The recommended procedure is to fully 
assemble the antenna, connect an rf source to the 
highest frequency coax, and adjust the appropriate 
stub for minimum vswr. If the vswr at the edge of the 
band is less than 2:1 land more-or-less symmetrical) 
move on to the next highest frequency/coax and 
tune the stub. After adjustment is completed, re¬ 
check the lower frequency antenna because there is 
some interaction. 



fig. 3. Layout of the aluminum shorting bars and plexiglass 
spacers. Dimensions C and E are given in table 1. 


If the bandwidth is too narrow for your application, 
load the tuned section more by moving the feedpoint 
toward the antenna portion. The 2:1 swr bandwidth 
should be at least 10 MHz at 450 MHz, 4 MHz at 220 
MHz, and 3 MHz at 144 MHz. 

operation 

The original design of the multiband J antenna 
was intended to allow operation on one band at a 
time, with the unused coax connectors left open. 
There is a reasonable amount of coupling between 
the sections so that if you are transmitting on 144 
MHz, for example, some of this energy will be re¬ 
ceived by the 450-MHz antenna. Measurements have 
shown this coupled power to be 15-20 dB down, but 
that's still sufficient to damage a sensitive receiver 
frontend. 

I don't recommend you try two-band duplex oper¬ 
ation with this antenna system, although with the ex¬ 
cellent preselectors in the Motorola Motrac, it has 
been done on 450 MHz and 146 MHz without 
damage. 

ham radio 



fig. 4. Construction of the half-wavelength coaxial balun. 
Length F is given in table 1. 
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Colpitts 

design technique 

Concise, accurate 
design technique 
for Colpitts oscillators 
eliminates the need 
for empirical design 

Almost everyone interested in radio communica¬ 
tions has at one time been confronted with the need 
for a high-frequency oscillator. Unfortunately, little 
information is available to help those individuals 
design their own oscillator circuits. This article 
describes a technique for the design of a Colpitts 
oscillator which is applicable to both crystal and LC 
oscillators. The technique to be described is simple, 
and yet has been proven to be more effective than 
empirical solutions. Basic oscillator design at the 
lower frequencies is covered in many textbooks and, 
therefore, will not be described in detail. 

Although this article will deal exclusively with the 
Siliconix U310, the design equations are also appli¬ 
cable to bipolar transistors. For reasons to be men- 


oscillator 

tioned later, bipolar transistors are not as desirable in 
some applications. Subjects such as oscillator noise 
and stability are covered elsewhere and will not be 
described in detail here. More specifically, what will 
be dealt with is what it takes to get the oscillator to 
start oscillating. The technique offered is simple 
enough so that you need not know how oscillators 
oscillate. Since scientific calculators are now selling 
for less than fifty dollars, it is justifiable to do away 
with some of the old “rule-of-thumb" solutions. 

basic assumptions 

The Colpitts oscillator is perhaps most commonly 
seen in the configuration shown in fig. 1. To simplify 
the analysis, those components necessary for dc 
operation have been omitted (fig. 2). Tofurther sim¬ 
plify the ac analysis, the oscillator is redrawn in the 
configuration shown in fig. 3. This is the general 
form of a common-gate amplifier, with a feedback 
capacitor, Cl, between the input and the output. 
The amplifier is considered with no signal applied 
from an external source; the input is shunted only by 
C2 and the source-bias resistor. Note that if the capa¬ 
citors were replaced with inductors and vice versa, 
the circuit would be the common Hartley oscillator. 
An analysis is somewhat easier with the circuit in fig. 
3 since it now appears as a resonant tank circuit with 
an amplifier connected to it. However, one more cir¬ 
cuit element needs to be added: the load resistance, 
R L . This is the element which will accept power from 

By Larry Leighton, WB6BPI, Siliconix Incor¬ 
porated, 2201 Laurelwood Road, Santa Clara, 
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the oscillator. For this circuit to oscillate, all that's 
necessary is enough energy be tapped from the tank 
circuit, amplified, and routed back to the tank circuit 
to compensate for the energy absorbed by R L . 

The first step is to determine what output power is 
required. This, of course, depends upon the applica¬ 
tion, but in most cases it will be relatively low, partic¬ 
ularly when frequency stability is of prime impor¬ 
tance. Crystal oscillators generally have relatively low 
output levels, mainly to prevent the crystal from frac¬ 
turing. In one case, a crystal ordered from a promi¬ 
nent manufacturer had a rated power dissipation of 
one milliwatt. To obtain more power from an oscil¬ 
lator with a fixed-supply voltage, a lower load imped¬ 
ance is required. If a lower load impedance is applied, 
however, either the gain of the transistor has to be 
increased, or feedback has to be increased to main¬ 
tain oscillation. Since the crystal is in series with the 
feedback signal, care must be taken when consider¬ 
ing how much output power you can expect from the 
oscillator. 

Another consideration regarding output power is 
that inductors and capacitors do consume some 
power. They always have some associated series 
resistance which can be minimized by using higher- 
quality components. When rf current passes through 
these components, heat is generated from the power 
dissipated across the resistance. This heat causes a 
change in the values of the inductor or capacitor and, 
hence, a change in frequency. The effects of these 
changes and the changes associated with various 
components are covered in reference 1. 

The transistor also has power-limiting characteris¬ 
tics. From turn-on of the oscillator, until a steady- 
state condition has been reached, the transistor 
parameters will change. The amount of change must 



fig. 1. Schematic diagram of a basic common- 
gate Colpitts osciiiator. 



fig. 2. Ac model of the common-gate Colpitts 
oscillator shown in fig. 1. For analysis, the dc 
components have been eliminated. 

generally be determined empirically, but can be mini¬ 
mized by operating the transistor at relatively low 
power, limiting output from the oscillator. 

In this article, the Siliconix U310 jfet is character¬ 
ized at 9 volts drain-to-gate voltage and 2 mA of 
drain current in the common-gate configuration. This 
is thought to be a fair compromise between output 
power and parameter changes. Consider a class-A 
oscillator in which the drain current does not appreci¬ 
ably change from the oscillating to not-oscillating 
condition. If optimized, it will be less than 50 per cent 
efficient, with a maximum output power of 9 milli¬ 
watts (9 V«2 rnA/2). Oscillator design almost always 
requires some compromises, so there is nothing 
binding regarding the 9 volt, 2 mA operating point; it 
can be changed to meet the needs of your appli¬ 
cation. 

oscillator design 

The first step to consider in oscillator design is the 
required output power; the second is to determine 
the load resistance necessary to obtain the required 
output. The load the oscillator requires is almost 
always different than the amplifier, buffer, or mixer it 
must drive. Initially, only the oscillator load will be 
considered. 

Only class-A oscillators will be discussed in this 
article because the transistor parameter changes are 
more easily defined. If the supply voltage and drain 
current are known, the solution for the load 
resistance, R^, is 



VDs(sat) can be obtained from the data sheet; in this 
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case it is 2 volts. Earlier it was determined that 9 milli¬ 
watts would be a desirable output. Given the operat¬ 
ing point of 9 volts: 

(9-2) 2 

Rl = 2 (009) = 2722ohms 

Since Vos(sat) is only an approximation, rounding R L 
to 2700 ohms for use in the following calculations is 
justified. 



fig. 3. To further simplify analysis of the oscillator 
this diagram shows the circuit redrawn into the 
general form of a common-gate amplifier. 


The third item to consider is transistor selection. 
The Siliconix U310 has been demonstrated to oper¬ 
ate as an oscillator up to 900 MHz.2 It has an advan¬ 
tage over more commonly available vhf and uhf jfets 
because of its high zero-bias drain current and g m 
(forward transconductance). This means that the 
U310 has potentially higher output power and more 
stable characteristics when operated at a lower-drain 
current. Another distinct advantage of the U310 is 
that the gate lead, and in this case, the intrinsic bulk 
of the transistor, is connected to the metal case of 
the transistor package. Therefore, the U310 can be 
used with a heatsink, minimizing the change in tran¬ 
sistor parameters. Although not recommended by 
the factory, an alternative heatsink method is to 
solder the 11310's case to the chassis. This is conven¬ 
ient only when used in the common-gate configura¬ 
tion (be careful when soldering, as the U310 can be 
destroyed by overheating). 

Perhaps the most critical parameter in amplifier 
design is the gain stability factor of the transistor 
itself. 3 The Siliconix U310, when operated in the 
common-gate configuration at 20 volts and 10 mA, is 
unconditionally stable at almost all frequencies. In 
fact, when loaded with practical, somewhat lossy 
external components, the U310 could be considered 
unconditionally stable at all frequencies. Uncondi¬ 
tional stability, by definition, means the transistor will 
not oscillate when presented with any positive real 
source or load impedance; stability, therefore, is a 
measure of the transistor's ability to oscillate. 

It is desirable that the stability factor of the transis¬ 
tor is such that it will not oscillate. This may seem 


contradictory to the design goal, but is used to em¬ 
phasize that the source of feedback necessary to sus¬ 
tain oscillation should be the option of the designer 
and not the transistor. In the common-gate configur¬ 
ation, the U310 has been optimized to the point 
where the intrinsic feedback elements of the tran¬ 
sistor are so small that the values of feedback neces¬ 
sary to make the U310 oscillate are the choice of the 
designer. 

Most rf bipolar transistors, in the equivalent com¬ 
mon-base configuration, are only conditionally stable 
and tend to be so at many frequencies. Special pre¬ 
cautions must be taken to insure oscillation at only 
the desired frequencies. This requires more compo¬ 
nents, which increases cost and decreases reliability. 
Also, very few bipolars, designed for the common- 
base configuration, are available. 

The next item to consider is the operating or load¬ 
ed Q (Ql) of the resonant tank circuit. The value 
chosen for is very much dependent upon the 
application. In addition, there are upper and lower re¬ 
strictions on Qt. In an attempt to make low, the 
transistor's reactive components would assume a 
higher percentage of the total circuit values. This is 
undesirable in many applications since stability 
would be sacrificed as the transistor parameters 
change with temperature. Additionally, the harmonic 
content of the output increases as Ql decreases. 
There are many applications where should be 
very high. One example would be when a low-noise 
oscillator is required to drive a sensitive mixer or 
product detector. 

The upper limit for is established by the unload- 
ed QIQJ of the inductor and how critical the tuning 
adjustment can be; this is particularly true for crystal 
oscillators. 



fig. 4. A common-source oscillator shown 
as an ac model. 


At very high frequencies, the Q of the capacitor 
must also be considered, especially when using 
capacitors generally designed for use at lower fre¬ 
quencies. While Ql is used as a starting point for cal¬ 
culations, the final value of Q L will be different than 
the initial assigned value. In general, the small 
change will not affect circuit performance. 
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The Qy of a reactive element is determined by the 
intrinsic resistive element. In circuits where higher- 
quality capacitors are used, this resistance generally 
can be disregarded. Inductors, however, with only a 
few exceptions, must always be considered as hav¬ 
ing some associated resistance. The unloaded Q is 
defined as: 


Qu — 


x L 

Rs 


where R$ is the series resistance of the inductor, and 
X L is the inductive reactance at the operating fre¬ 
quency f Q . Qy can be measured, but in those 
instances where it can't, assuming a Qy between 150 
to 250 is safe, if standard inductor winding tech¬ 
niques are used. 

In those cases where a Q^ of 10 or greater is 
chosen, it is beneficial to include Qy in the calcula¬ 
tions necessary to determine total R L , since the cir¬ 
cuit performance will be altered. When time permits, 
it is advisable to include Qy for all designs. The 
effects of Qy can best be emphasized by the 
following: 


Insertion loss -20 log 20 




For a Q^ of 10 and a Qy of 100, the insertion loss 
would equal 0.92 dB. This means that 0.92 dB of the 
total power is dissipated across the inductor rather 
than delivered to R L . A side effect is that as Qy gets 
smaller, the change in frequency from initial turn-on 
increases because the power dissipated across the 
inductor causes it to change reactance. This is 
especially true in those cases where a ferrite core is 
used for tuning. 1 Many of the commercially-available 
inductors, particularly the smaller molded variety, are 
not designed for use in frequency-determining appli¬ 
cations where stability is of concern. The Qy of many 
of the smaller molded inductors is as low as 50, 
which means with a Qx - 10, the insertion loss of the 
inductor is 1.94 dB. The point to keep in mind is that 
wherever frequency stability is the prime considera¬ 
tion, Q u is very important, even though its effects 
may have to be determined empirically. 

y parameters 

This design technique will use what is commonly 
referred to as admittance, or y parameters. The oscil¬ 
lator designs presented here require the use of 
algebra and trigonometry with the y parameters. 
Review material can be found in any of the standard 
references. 4 ^ 5 

One item which should be understood concerning 
y parameters is their relationship to ohms and reac¬ 


tance. Resistance is a measure of the opposition to 
current flow. Its counterpart in terms of admittance 
is conductance, which is a measure of the accepta¬ 
bility to current flow. They are simply related; one 
thousand ohms is equal to 1/1000 mho (the mho is 
designated as th esiemens). 

Reactance is a measure of the opposition to 
changing current flow and its counterpart in terms of 
admittance is susceptance; these are also similarly 
related: 1000 ohms reactance is equal to 1/1000 sie¬ 
mens of susceptance. Just as inductors and capaci¬ 
tors have different signs attached to them in terms of 
reactance, they also have different signs in terms of 
susceptance. 

Inductors in terms of susceptance have negative 
signs placed in front of them and capacitors have 
plus signs in front of them. Therefore, a capacitive 
reactance of 1000 ohms is equal to +1/1000 sie¬ 
mens, and an inductive reactance of 1000 ohms is 
equal to - 1/1000 siemens. Another simple relation¬ 
ship is that 1000 ohms equals 1 millisiemens or mS, 
(1000 ohms - 1/1000 siemens = 0.001 siemens = 1 
millisiemens). This article will use the term millisie¬ 
mens or mS often so it is important to be familiar 
with the relationships. The relationships previously 
described regarding reactance and susceptance are 
correct and usable as relates to this article. 

Referring to figs. 3 and 4, the oscillator designs 
will determine the component values necessary to 
start the initial oscillations. For oscillations to start, 
the ac resistance measured at the junction of Cl, LI, 
R l , and the drain of Q1 must be infinite. 5 But, in 
terms of conductance, it would be zero. Therefore, 
the conditions necessary to start oscillations are: 


yt^yzz- 


y2iyi2 

yn 


= zero 


y t = terminal conductance (junction of Cl, 
LI, R l , and the drain of Q1) 
y 2 2 = output admittance of the circuit 
y 2 i - forward transconductance of the 
circuit 

yi2 - reverse transconductance of the circuit 
yn - input admittance of the circuit 


These parameters also include the y parameter data 
of the transistors, which in most cases are available 
from their data sheets. The parameters might be 
listed as shown in table 1. 

Listed below are the equations which relate com¬ 
mon source, gate, and drain parameters to each 
other. These equations also relate to bipolar tran¬ 
sistors, except the source becomes the emitter, the 
gate becomes the base, and the drain becomes the 
collector. To convert common-gate parameters to 
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common-source parameters: 

yin = (gig + gfg +grg + gog) -jfiig + bf g + b Tg + b og ) 

y2h = ~ t (gfg + gog) —J (tyg bog) 1 

3>i2$ = ” I ferg + gog) —j(bfg 
= gog i &og 

where the non-subscript g represents conductance 
and the non-subscript b represents susceptance. To 
convert from common source to common gate, 
exchange s and g subscript values. That is 

yiig = - Ugfs + gos) ±j(bfs + b 0 J] 

From this point on, unless stated otherwise, all 
numerical terms will be in millisiemens (mS); instead 
of using the term 1000 ohms or 1/1000 siemens, 1 
mS will be used. Further, in many cases the mS will 
be implied and, therefore, just the number with its 
sign will be used. If no sign is given, it is assumed to 
be positive. As an example: yn= +7.66 x 10- 3 
siemens +j 1.59 jc 10~ * siemens will be shown as 
y 21 = 7.66 + j 1.59, where the first term is the con¬ 
ductance and the second term the susceptance. 

common source design 

This design example will use the common-source 
oscillator shown in fig. 4. Earlier calculations for the 
common-gate oscillator determined the R L to be 
2700 ohms, which will also be used in the common- 
source example in addition to an f 0 of 100 MHz. A Qi 
of 10 has been selected since it yields practical com¬ 
ponent values. Referring to fig. 5, 


n - r l v - 2700 

Ql X l , otX L1- 20 


therefore, X L1 equals 270 ohms or -3.7 mS. At 100 
MHz, this is an inductance of 430 nH, or approxi¬ 
mately 10 turns of no. 22 AWG (0.6 mm) enameled 
wire wound on a 6.5 mm (1/4-inch) drill bit. An ac¬ 
tual inductor was wound and found to be 422 nH for 
an X u of 265 ohms. The number used for the calcu¬ 
lations is therefore -3.77 mS. The Qu of the in¬ 
ductor was measured to be 188, so the resistance in 
shuntwith theinductor is equal to0.02mS, t (Xl)(Qm) 
= Rp, (265)(188) = 50k ohms or 0.02 mSl. The induc¬ 
tive susceptance (6^) and conductance { gi) can be 
added to the transistor's y parameters in the follow¬ 
ing manner: 


yn- Ugih + gL)} ±fi(biis + bi)\ 

y21 = Uig21s~gL)] ±fi(b21s~ bjJ] 

yi 2 = Ugl2s~ gl)\±jUbi 2 $ - bi)] 

522 ~ Ug22s+gO J ±jUb22s + bj] 


The 100 MHz y parameters, from table 1, for the 
Siliconix U310 are: 


y 11$ = - 0.919+j3.34 
52ls = 8.5~j 1-8 
yi2s=- 0.0455-j 1.13 
522s = 0.129 + j 1.18 

Adding the inductive susceptance (b L = -3.77) and 
shunt conductance (g L =0.02) yields: 

yi 1 = [ (- 0.919+ 0.02)] ±jl (3.34) + (- 3.77)] 

521 = t (8.5) - (0.02)] ±jl(-1.8)-(- 3.77)] 

yi 2 = U~ 0.0433)- (0.02)]±j[(- 1.13)-(-3.77)) 

y 22 = 1(0.129+ 0.02)1 ±j[(l. 18) + (- 3. 77)1 

or 

yn — - 0.0899- j 0.435 
y 21 = 8.48 +j 1.97 
yn = — 0.0655 +j 2.64 
522 = 0.149-j 2.59 


Any slight discrepancies noted can be attributed to 
round-off errors. All of these calculations were done 
with an HP67 programmable calculator with auto¬ 
matic rounding. 


table 1. y-parameter listing for the Siliconix U310 operated at 9 volts 
and 2 mA. The unit, in all cases, is mS. 

common gate common source 

Yn = Vj g input admittance = y is input admittance 

y 21 = y fg forward transconductance y 2l = y fs forward transconductance 
y 12 = y rg reverse transconductance y 12 = V rs reverse transconductance 
Y 22 = Vog output admittance y^ - Yos output admittance 




common gate 


freq. 

(MHz) 

Yn 

Y 21 

Y 12 

Y 22 

100 

7.66 + j 1.59 - 

8.62 + j 0.615 

-0.0831-j 0.0512 

0.129 + j 1.18 

125 

8.75 +j 1.92 - 

8.56 + j 0.824 

- 0.0914-j 0.0714 

0.111 +j 1.49 

150 

8.98 + J2.34 - 

8.47 + j 0.816 

- 0.0797-j 0.0861 

0.129 + j 1.81 

175 

9.06 + j 2.80 - 

8.55 + j0.646 

- 0.0669-j 0.0972 

0.126 +j 2.13 

200 

9.07 + j 3.24 - 

8.84- j 0.112 

-0.0602-j0.119 

0.124+ j 2.42 



common source 


freq. 

(MHz) 

Y 11 

Y 21 

V 12 

Y 22 

100 

— 0.919 + j 3.34 

8.50-j 1.8 

- 0.0455-j 1.13 

0.129 + j 1.18 

125 

0.209 +j 4.16 

8.45-j 2.31 

-0.0197-j 1.41 

0.111+j 1.49 

150 

0.563+ j 4.88 

8.34-j 2.62 

- 0.0490 -j 1.72 

0.129 + j 1.81 

175 

0.576 + j 5.48 

8.42-j 2.77 

- 0.0589-j 2.03 

0,l26 + j2.13 

200 

0.294 + j 5.43 

8.71-j 2.31 

- 0.0633-j 2.3 

0.124+ j 2.42 


82 Bfl july 1978 



The next step is to add the load conductance 
(0.370 mS) to g 22 , the real part of y 2 2 . 

y >22 =(0-149+0.37)-j 2 .59 
= 0.519- j2.59 


In this design, the real part will be disregarded and 
only the imaginary part (43.3 mS) will be used. 

The b lu value of 43.3 mS is the susceptance of the 
input shunt capacitance, C2. At 100 MHz, 43.3 mS 


Change the sign of the susceptance and record it as 
b 2 2 = 2.59 mS. This is the starting value of suscep¬ 
tance which will be used to tune the circuit to 
resonance, whereupon b 2 2 equals zero. The new set 
of y parameters from the previous operations are: 

yil= ~ 0.0899-j 0.435 

y 2 i — 8.48 +j 1.97 

yi 2 = — 0. 0655 -4 -j 2.64 



y 22 = 0.519 ±j 0 

The next step is to find the value which when added 
to the input of the transistor will make the circuits out¬ 
put conductance zero. This can be found by solving: 


yin 


= ynyi2 

g 22 


~yn 


fig. 5. A common-source Colpitts oscillator designed using 
the procedure described in the text. 


susceptance is equal to an X C2 of 23.11 ohms, which 
is 69 pF. Add 43.3 mS ( b lu ) to b n fora new total bn 
of 42.8 mS. Subtract the load conductance, 0.370 
mS, from g 22 for a newg 2 2 of 0.149 mS. And finally, 
solve the equation: 


= (g 2 lg! 2 ~ b 2 ibi 2 )+j(g 2 lbi 2 + g! 2 b 2 l) _ 


- 0.00576+) 0.0222 
07519 


(- 0.899-jO. 433) 


0.023 L 105° 
0.519 


(- 0.899- jO. 433)* 


= 0.0442 L 105° - (-0.899-j 0.433) 

= (- 11.1+j 42.8) - (- 0.899-jO.433) 

= - 10.2+j 43.3 mS 

Since the solution produces a real part which is 
negative, the addition to the input of the transistor 
cannot be performed with passive components. The 
real part is not always negative; in many cases it can 
be a positive resistance, but if added to the circuit it 
increases the cost and adds complexity. I'll demon¬ 
strate that the real component of yn t can be 
neglected, with little error added to the calculations. 


*The numerator in the expression y 2 J y I2 ^822 must he converted to polar 
form before it can be divided by g 22 . When a polar~to rectangular conver¬ 
sion key is not provided on the calculator, the following rules must be ap¬ 
plied: If the real part of the numerator is greater than zero, the angle is equal 
to tan - '(Im/Re). If the real part is less than zero or negative, the angle is 
180°+ tan" Ulm/Re), where Im is the imaginary part of y 2 jyj 2 and is 
the real part. To divide, retain the angle of y J2 y 2J and divide by 0.519. The 
polar form of this expression must now be converted back to rectangular 
form to subtractyjj. The imaginary part is (sin 105°)(00442)- 42.8 mS and 
the real part (cosine 105°)(0.0442)~ - 11.1 m5, 


yout 


= > 22 ” 


yuyn 

yn 


= 0.149- 


= 0.149- 


= 0.149 - 


(gzigl 2 ~ 821 b 12 ) +j (g 21 bi 2 + g 12821 ) 
-0.899+42.8 

- 0.00576+j 0.0222 ] 

- 0.899+42.8 J 

0.023 L 104.5 "I 
b 42.81 L 91.2 J 


= 0.149-(5.357x 10~ * 13.3) 


= 0.149-(0.521 +j 0.123) 
yout = ” 0.373—j 0.123 millisiemens 


To tune to resonance, change the sign of the 
imaginary part and add this value to the first recorded 
value of b 2 2 (2. 59+ 0.123 = 2.71 mS). This is the total 
susceptance of Cl at 100 MHz. The reactance of Cl 
is 369 ohms, or 4.31 pF at 100 MHz. Note that the 
real part of y 0ut is equal to -0.373 mS or -2681 
ohms. The desired value was -2700 ohms, an error 
of less than 1 per cent. This is the error introduced by 
not using the real part of y llt . 

After all the calculations were performed, the cir¬ 
cuit in fig. 5 was constructed and tested. The value 
of C2 required to start oscillations was found to be 45 
pF instead of the calculated value of 69 pF. The feed¬ 
back network consisting of LI and the dc blocking 
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capacitor were removed, and the circuit was 
measured again. The lead lengths, added value of 
the dc blocking capacitor, and the fact that the in¬ 
ductor was slightly distorted from its original shape, 
changed the total feedback circuit to be equivalent to 



fig. 6. A common-gate oscillator designed with the 
generalized design technique. 

497 nH or -3.2 mS. This changes the calculated 
value of C2 from 69 pF to 53 pF. Further, if the value 
of g m (forward transconductance) were reduced by a 
factor of 10 per cent, a conceivable situation, the 
value of C2 would change to 48 pF, not far from the 
measured 45 pF. 

The previous calculations assume that all 
measurements are absolutely accurate. Since this is 
not possible in practice, Cl and C2 should be variable 
to compensate for inaccuracies in measurements, as 
well as changes in transistor parameters. 

The values calculated for the passive components 
in the circuit are those values required to start oscilla¬ 
tion. As the circuit oscillates, the net parameters of 
the transistor change and consequently, the values 
of Cl and C2 will change. The equations presented in 
this article only provide a starting point, but are a 
preferred alternative to the empirical approach. 

common gate design 

The common-gate oscillator in fig. 3 is easily 
designed by starting with the values of Cl and LI ob¬ 
tained from the common-source oscillator problem 
and adding them to the common-gate parameters. 
The common-gate y parameters for the U310 at 9 
volts and 2 mA are: 


capacitor available. Since a 5-pF capacitor is general¬ 
ly more available, this value is used for Cl in fig. 6. 
Since both terminals of Cl are at some rf potential, a 
tuning tool will generally change the total value of 
the feedback capacitance by some unknown 
amount, therefore necessitating the use of a fixed 
value, instead of a variable capacitor. The 5-pF value 
is equal to 3.14 mS at 100 MHz, and can be added to 
the new y parameters in the following manner: 

yn = gu ± jO>u + bj) 

y 2 l=g 2 l —j (^21 “ bf) 

yi 2 = gl 2 ± j (bi 2 ~ b f) 

y 22 = g 22 ±7 (b 22 + bf) 

which yields 

yjj = 8.66 +7 4 .73 
y 2 i — “ 8.62-j 2.53 
y 12 = — 0.0831 —j 3.19 
y 22 = 0.129 +j 4.32 

To the new value of y 22 , you should add the value 
of R l (0.370 mS) to g L and also X L1 (- 3.77 mS) to 
b[_i, yielding y Z2 = 0.499 + j 0.551. The value of b 2 2 
should be recorded for future use. As in the 
common-source example, set b 2 2 equal to zero and 
calculate y ut . The calculated value of y ut (— 23.4 -hj 
50.9) serves as a starting value for C2. The next step 
consists of adding 50.9 mS to b n , subtracting the g L 
of 0.370 mS from g 22 , and solving for y out , which 
equals -0.338-j 0.205 millisiemens. The final value 
for LI can be determined by solving the following 
equation: 

Xu = (~ V(b 0 ut) + (~~ l)(b 22 ) + (bu) 

= (- V(- 0.205) + (- 1)(0.551) + (- 3. 77) 

— — 4.12 mS 

which equals 243 ohms or 386 nH. 

Note that g oul = -0.338 mS (-2.95k ohms), which 
is not the desired - 2.7k ohms. The reason for the er- 


yii g = 7-66 +7 1.59 
y 2 i g = - 8.62+j .615 
yi 2 g=~ 0.0831 -j 0.0512 
y22g=0-129 +j 1.18 

Add the source resistor (in this case 1000 ohms or 1 
mS) to gu) y u then equals 8.66 +j 1.59. Using the 
value of capacitance for Cl obtained in the first 
design, select the closest standard value, fixed 



fig. 7. The same oscillator shown in fig. 6, except designed 
with the more accurate method. 
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ror is the same as before — the real part of y Ut was 
disregarded. This can easily be compensated for by 
decreasing the susceptance of C2. As an example, 
by reducing the susceptance of C2 by 10 per cent, 
g out becomes - 2626 ohms which is sufficient to start 
oscillation. The circuit for the common-gate con¬ 
figuration, before adjustment of C2 for the necessary 
gout* ‘ s shown in fig. 6. In this solution, the inductor 
should be variable, or the inductance decreased and 
a variable shunt capacitor added for adjustment. 

For those cases when a more accurate result is 
necessary, the following procedure may be used. 
Use those component values determined in the 
design for fig. 5 as a starting point and proceed with 
the following steps. 

1. Start with the U310 common-gate parameters. 

2. Add the source resistor to g u (inthis case, 1 mS) 

3. Add the susceptance of C2 to bn 

yn — 8.66 +j 44.9 

4. Add the susceptance of Cl to b n and 622- 

5. Subtract the susceptance of Cl from b 2 i and 

bi 2 , which produces new y parameters of: 

yn = 8.66 +j 47.6 
y 2 i — —8.62 —j 2.1 
yi2 = — 0.0831 ~j2.76 
y 2 2 — 0.129 +j 3.89 

6. Add the susceptance of LI to b 22 

7. Add the load conductance tog 2 2 

y 22 = 0.499+j 0.124 

8. Record the value of (- 1) ( b 22 ) or -0.124 mS 

9. Set b 22 equal to zero 

10. Solve the following equation for gf and bj 

Zf ± i b f = 4ijz> 

_0.0094-j 0.255 

“ -0.451 —j 42.7 

= 0.00365 +j 0.220 

where 

A ~ (g22gll~gl2g21 + b 2 lb 12 ~ bub 22 ) 

B - (g 22 bn + b 22 gu - gi 2 b 21 -g 2 ibi 2 ) 

C=(- 1 )(gl2+g21 + gll +g 22 ) 

D-(~ l)(bj 2 + b 21 + b 22 + b n ) 

11. Record the value of bj 

12. Add 6/(0.220 mS) to bn and b 22 


13. Subtract 6/from b 2 i and b 12 to obtain 

yn = 8.66 +/ 47.8 
y 2 i — -8.62 —j 2.32 
y 12 = - 0.0831 -j 2.98 
y 22 = 0.499+j 0.220 

14. Solve fory llt , which yields 0.118 +j 0.260 

15. Record but (0.260 mS) 

16. Add bni to bi i> yn ~ 8.66 + j 48.1 

17. Subtract the load conductance 0.370 mS from 
g 22 > y 22 = 0.129 +j 0.220 

18. Solve for y out , which equals 
- 0.371+j 0,00109 mS 

19. Record the value (- l)(b out )= - j 0.00109 mS 


20. Final values for Cl, C2, and LI are determined 
as follows: 


Cl Starting value of Cl from fig. 5 

2.71 

mS 

value of 6/ 

0.22 

mS 

2.93 

mS 

Cl final value = 2.93 mSor4.67 pF 



C2 Starting value of C2 from fig. 5 

43.3 

mS 

value of bin 

0.26 

mS 


43.6 

mS 

C2final value = 43.6 mS or69.3 pF 


LI Starting value of LI from fig. 5 

-3.77 

mS 

plus (— l)(b 22 ) from step 8 

-0.124 

mS 

plus (- l)(b out ) from step 19 

-0.00109 mS 


-3.9 

mS 


LI final value = -3.9mSor409 nH 


The final circuit diagram, with component values, 
is shown in fig. 7. Note that g out from step 18 is 
within 0.32 per cent of the desired g out of -0.37 mS 
or -2.7k ohms. Again, the reason for the slight 



fig. 8. A 100-MHz crystal oscillator which was designed 
using the same methods as the Colpitts oscillators. 
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discrepancy is caused by disregarding the real parts 
of y nt and gj, and is of no consequence. 

crystal oscillators 

This oscillator design technique can be modified 
for use with crystal oscillators, particularly overtone 
crystals (fig. 8). When operated in the series- 
resonant mode, the crystal has some series 
resistance, which must be added to the transistor's 
common-gate parameters, along with the 1000-ohm 
source resistor. Given the common-gate y 
parameters: 

1. Add the source resistor tog^;. 

2. Convert the y parameters to z parameters and 
add the series resistance of the crystal directly to 
the real part of z u . A typical value of crystal series 
resistance is 80 ohms for a seventh overtone 
crystal; this data is available from the crystal 
manufacturer. 

3. Convert the z parameters back toy parameters. 

4. Convert the new set of common-gate 
parameters to common-source parameters. 

5. Design the circuit using the technique describ¬ 
ed for fig. 5. 

6. Using the common-gate parameters from step 
3, and the component values determined from 
step 5, complete the design by using those steps 
outlined for fig. 7. 


X- SERIES 


fig. 9. A lowpass L network for 
matching between the high source | 
resistance of the oscillator and a 50- < 

ohm load. t 



The necessary equations to convert y parameters 
to z parameters are: 


Zu - 


yu 

Av 


„ _ “22J 

Z21 ~ Ay 


where 


_ -yn 


_ -Hi 

Z22 ~ Ay 


Ay = yny22~y2iyi2 


To convert z parameters back to y parameters, inter¬ 
change the y and z values. 

It is helpful to know what effects the three circuit 
components have on the oscillator circuit. In general, 


when the input shunt capacitor is increased in value, 
the frequency of the oscillation is decreased, while 
the negative output resistance increases. Increasing 
the feedback capacitance lowers the frequency and 
also the negative output resistance. Changing the 
output reactance, theoretically, only changes the fre¬ 
quency and does not effect the output conductance. 


fig. 10. A highpass L network, in 
addition to impedance matching, 
also provides dc isolation for the 
load. 



The tuning procedure for the oscillator is quite 
easy (refer to figs. 3 and 4). Apply dc power to the 
oscillator. If it immediately oscillates, tune the output 
shunt element to the desired frequency. If the 
oscillator does not start, or ceases oscillation when 
tuning, decrease the capacitance of C2, which ad¬ 
justs the output conductance. When it has been 
determined that the oscillator is tuned to frequency 
and oscillating, the input shunt element (C2) can be 
adjusted for the desired output level and the output 
shunt element tuned for the correct frequency. 

The crystal oscillator is tuned in the same manner. 
The exception is when the parallel capacitance of the 
crystal is relatively high. In that case the procedure is 
to increase the capacitance of C2 until oscillation 
ceases and then decrease the capacitance in small in¬ 
crements until the circuit oscillates again. This pro¬ 
cedure should be followed since in some cases, the 
parallel capacitance of the crystal provides enough 
feedback to allow the circuit to oscillate at frequen¬ 
cies very close to f 0 , but not as a function of the 
series-resonant mode of the crystal. For breadboard 
designs, it is easiest to insert a resistor, equal to the 
series resistance of the crystal, in place of the crystal; 
the same tuneup procedure is used except that the 
resistor is replaced with the crystal during the last 
stages of tuning. 

As an added advantage, when using the U310 in 
the crystal oscillator circuit, the inductor sometimes 
shunted across the crystal to prevent spurious 
oscillations is not necessary. This inductor is almost 
always necessary when using a bipolar transistor as a 
Colpitts overtone oscillator. 

impedance matching 

Throughout this article, a load impedance of 2700 
ohms was used. The actual load will generally be 
some other value. Quite often this load will be 50 
ohms resistive. In this case, the 2700-ohm load 
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resistance necessary for oscillation will have to be 
matched to the 50-ohm load. The simplest solution is 
the L network shown in figs. 9 and 10. The value for 
the series reactive element can be found with the 
following equation: 



where 

R s = series resistance of load 

Rp = parallel resistance to be transformed 

In this example 

Xseries = 50 ! 2J ^ -1 = 364 ohms 


The value for the shunt element can be determined 
from: 


Xparallel 


Xseries 


(50)(2700) 

364 


= 371 ohms 


Fig. 11 shows the highpass matching network 
(fig. 10) applied to the common-gate oscillator 
shown in fig. 6. The 364-ohm reactance at 100 MHz 
is equivalent to 4.37 pF. Any error introduced by us¬ 
ing the nearest standard capacitance value (5 pF) can 
be compensated for by LI and C2. The shunt induc¬ 
tance of the matching network must be added to LI 
for a new total inductance for LI. This is easily ac¬ 
complished by adding the susceptance of Xtaraiui 
and LI [-4.1 mS + <-2.7 mS)=-6.8 mS oM47 
ohms inductive reactance which at 100 MHz equals 
234 nH]. The circuit in fig. 11 was constructed and 
the test results for 100 MHz are: Value of C2 to start 
oscillation = 43 pF; final values after tuning are Cl = 5 
pF; C2 = 25 pF; and LI =215 nH. Maximum power 
output = 9.2 milliwatts. With C2 set to 12 pF, the cir¬ 
cuit oscillated with crystals ranging from 95 MHz to 


116 MHz. The value of LI was changed to accommo¬ 
date the different frequencies. 

concluding comments 

This article is not intended as a construction pro¬ 
ject. However, those circuits shown with inductance 
and capacitance values have been built and tested, 
and performed very close to predictions. This design 
technique has been used for many oscillator designs 
and has been found to be superior to the empirical 
approach, particularly if a programmable scientific 
calculator is available. 

The techniques presented here appear to be equal¬ 
ly valid at the lower frequencies. The data necessary 
are gm> Ctss> Coss* and Ciss • This information is almost 
always obtainable from the transistor data sheet. 
These parameters can be substituted in the common- 
source y parameters by assuming the input and out¬ 
put resistance of the fet is very high and can, 
therefore, be disregarded. 


yus = 0 +j 
yils-gm ~ J 

yi 2 s = o-j 



+ 


l 


X 


C TSS 


y22s = 0+j 



+ 


1 


X 


c rss 


Low-frequency oscillator design is available from 
many sources. This technique might not be as usable 
as others, but it does allow a close approximation for 
low-frequency design. 

Expressing an idea is often difficult for me. I am 
gratified by the many personal, and professional 
friends who have helped expand this idea and also 
provided the additional enthusiasm and necessary 
technical expertise, especially Ed Oxner, manager of 
Special Projects Engineering at Siliconix, Will Alex¬ 
ander, WA6RD2, Earl McCune, WA6SUH, and Bon¬ 
nie (The Boss). 



fig. 11. When the highpass L network is used for matching, 
the shunt inductor is combined with inductance in the 
oscillator. In this case, LI is a slug-tuned 6.5 mm (1/4 inch) 
coil, wound with 6 turns of no. 18 AWG (1 mm) wire. The 
turns are spaced to occupy 12.5 mm (1/2 inch). 
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visual aids 


for working on 
microcircuits 

Devices are getting 
smaller and smaller — 
consider these visual aids 
before you give up 
on a construction project 
with today’s ICs 

With the introduction of transistors and miniatur¬ 
ized circuits most everyone dealing with them has 
probably experienced difficulty seeing components 
and circuits because of their small size. Today, with 
integrated-circuit devices requiring even smaller 
printed-circuit-board design, the visual or seeing re¬ 
quirement is even greater. 

the problem 

When you consider the visual anomalies found in 
the general population such as nearsightedness, 
farsightedness, astigmatism, or combinations of 
these, and when you include problems of binocular- 


Reprinted with permission from the May June, 1977, issue of 
HTTY Journal. 


ity (the ability or inability of the eyes teaming to¬ 
gether, such as one eye receiving a larger image 
than the other), poor eye-muscle coordination, cata¬ 
racts, and any ongoing or past history of ocular dis¬ 
eases, it's no wonder many of our 1C projects end up 
with solder bridges, improper or unsoldered con¬ 
nections, and components mounted improperly. The 
fact is that many simply can't see well enough to 
avoid these pitfalls. 

I recently completed a project that used 29 ICs, 
three of which were LSI devices, all mounted on four 
PC boards, three of which had circuit paths on both 
sides. Even though I have 20-20 vision at distance 
and near, and have never had any pathological prob¬ 
lem causing visual impairment, I experienced great 
difficulty seeing my work. I therefore came to the 
conslusion that if I were having these kinds of prob¬ 
lems with what's generally considered normal vision, 
there must be many electronic hobbyists who are 
having even greater problems. With this in mind, I 
offer the following observations to help in under¬ 
standing these visual tasks and to allow most to see 
with better efficiency. 

lighting and magnification 

First, realize that vision requires light. But it has to 
be useful light; that is, not too dim (below the visual 
threshold) or too bright (above the threshold and 
therefore saturating the visual system, especially the 
retina). Second, visual acuity (how well you see) 
depends on the image size impinged onto the retina. 
Visual acuity is directly related to object size. The 
conclusion is that, if you have the proper lighting 

By Dr. Robert Sullivan, Optometrist, K9SRL, 
410 NE 7th Street, Linton, Indiana 47441 
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conditions and magnification, visual acuity generally 
improves. However, there are limiting factors. For 
example, as the image size on the retina gets larger, 
the field of view gets smaller. 

optical aids 

If you're nearsighted (can't see well at a distance 
without glasses or contact lenses), you might do bet¬ 
ter visually, at the near distances used in electronic 
construction, without your glasses or contacts. 
Since a nearsighted eye without correction in place is 
in effect too strong, removing the spectacles has the 
same effect as looking through a magnifying lens. 
You'll notice that near objects (within about 20 cm (8 
inches] of your eyes depending upon your prescrip¬ 
tion) look larger. However, this might not work if you 
have astigmatism, as your vision could be distorted. 

If you're farsighted (can't see nearby objects well 
without glasses or contacts), you should wear your 
correction at all times for near electronic work. Since 
a farsighted eye is a weak eye without correction, 
wearing glasses or contact lenses, in effect, makes 
your eyes stronger. Also, far sightedness involves a 
problem with the eye's focusing mechanism and 
without correction, eye fatigue and headaches are 
more common. 

If you normally wear glasses full time, and if 
they're the bifocal or trifocal type, you should wear 
them for near electronic work. 

work glasses 

You might consider having a special pair of glasses 
made especially for electronic work. I made a pair 
with one lens having a +16 diopter power and the 
other lens opaque, which forces me to use one eye 
only, since such a large prescription for both eyes 
creates a condition that makes binocularity impos¬ 
sible. This is a common problem with some of the 
available optical aids recommended for near visual 
tasks. These devices are usually binocular in nature 
(both eyes are used). To maintain this binocularity, 
weaker lenses are used and the resulting magnifica¬ 
tion is less. 

i put the + 16 lens on my right eye since I'm right- 
eye dominant. With these glasses, approximately 
4X magnification is achieved and the field of view is 
about7 cm (3 inches). The focal point is 6.25 cm (2.5 
inches), so I must hold things close. I found that with 
these glasses and a handheld penlight (I use the pop¬ 
ular disposable type), I could examine PC boards for 
errors in component mounting, find solder bridges, 
and perform general inspection with great ease. Just 
one thing more: these suggestions should be imple¬ 
mented after you've checked with your eye doctor. 

ham radio 


FREQUENCY COUNTERS 


BY POPULAR DEMAND — we are continuing to offer 
14/with any purchase of $99 or more from ad or 
^j^Jriyer, a Fairchild clock module FCS-8100A 
m f (suggested retail price $20). 


HALTRONIX 


HE3HS 




B' 


Look at these Summer Specials 


COMPLETE KITS: CONSISTING 0T 
EVERY ESSENTIAL PART NEEDED 
TO MAKE YOUR COUNTER COM¬ 
PLETE HAL-SOQA 7-D1G1T 
COUNTER WITH FREQUENCY 
RANGE OF ZERO TO 600 MHz 
FEATURES TWO INPUTS' ONE 
FOR LOW FREQUENCY AND ONE 
FOR HIGH FREQUENCY, AUTO¬ 
MATIC ZERO SUPPRESSION. TIME 
BASE IS 10 SEC OR I SEC GATE 
WITH OPTIONAL 10 SEC GATE 
AVAILABLE ACCURACY ± 
001%. UTILIZES 10 MHz CRYS¬ 
TAL 5 PPM 

COMPLETE KIT. . . $>4<f. . $129 

HAL-300A 7 DIGIT COUNTER 
WITH FREQUENCY RANGE OF 
ZERO TO 300 MHz FEATURES 
TWO INPUTS: ONE FOR LOW FRE¬ 
QUENCY AND ONE FOR HIGH FRE 
GUENCY AUTOMATIC ZERO SUP¬ 
PRESSION, TIME BASE IS 1.0 SEC 
OR 1 SEC GATE WITH OPTIONAL 
10 SEC GATE AVAILABLE ACCU 
RACY ± 001%. UTILIZES 10 
MHz CRYSTAL 5 PPM 
COMPLETE KIT... $j#f. ..$109 

HAL-50 A 8 DIGIT COUNTER WITH 
FRE0UENCY RANGE OF ZERO TO 
SO MHz OR BETTER AUTOMATIC 
DECIMAL POINT, ZERO SUPPRES¬ 
SION UPON DEMAND FEATURES 
TWO INPUTS ONE FOR LOW FRE¬ 
QUENCY INPUT. AND ONE ON 
PANEL FOR USE WITH ANY IN¬ 
TERNALLY MOUNTED HALTR0NIX 
PRE-SCALER FOR WHICH PROVI¬ 
SIONS HAVE ALREADY BEEN 
MADE 1.0 SEC AND l SEC TIME 
GATES ACCURACY ±001% 
UTILIZES 10 MHz CRYSTAL 5 
PPM 

COMPLETE KIT... $^...$109 


ATTENTION RADIO CLUBS 

For dub or group p»r)|eds. HKJUCSI FREE 
information annul our DISCOUNTS on 
any ol the HAl IflONlX Nils Discounts 
range (torn 10-25% depending upon 
the quantity needed 

We are experienced in supplying hils in 
volume quantities to schools tabora- 
tones, clods, and common interest 
groups Nobody beats HAl TRONlX 
quality and price Just tty us and see tor 
yourself 



FROM 

HAL-TRONIX 

DELUXE 12-BUTTON TOUCH- 
TONE ENCODER KIT utilizing me new 
tCM 7206 Chip Provides both VISUAL 
AND AUDIO indications' Comes with its 
own lwo lone anodized aluminum cam 
net Measures only ?V» * SVt" Com¬ 
plete witti Touch Tone pad. board, 
crystal, chip and all necessary enmpo 
nerds to finish the kit 

PRICED AT.529.95 

For tnose who wish to mount the encoder 
m a hand-held unit the PC board meas 
ures ony 9/16” t 1 */•" fhts partial k*i 
with PC board, crystal chip and com 
ponents 

PRICED AT.$14 95 

PRE-SCALER KITS 

HAL 300 PRE.$19.95 

(Pro-drilled G1Q board and all 
eompononis) 

HAL 300 A/PRE.$29.95 

{Same as above but with preamp) 

HAL 600 PRE..$34.95 

(Pre drrlted GI0 board and all 
components) 

HAL 600 A/PRE.$39.95 

(Same as above but with preamp) 

PRE-BUILT 

COUNTERS 

AVAILABLE 

HAL-600A.$229.00 

HAL-300A.$199.00 

HAL-50A...$199.00 

ALLOW 4- TO 6-WEEK DELIVERY ON 
PRE-BUILT UNITS 






KAROtO C NOWLAND 
WUZXH 


HAL-TRONIX 

PO BOX 1101, SOUTHGATE, Ml 48195 
PHONE (313) 285-1782 

SHIPPING INFORMATION 

ORDERS OVER $15.00 WILL BE SHIPPED POSTPAID EACEPl ON 
ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED. ON 
ORDERS LESS IRAN $15 00 PLEASE INCLUDE ADUIUONAL 
SI 01) FOR HANDLING AND MAILING CHARGES SEND SASE FOR 
FREE FLYER 
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solving RFI problems 

in home-entertainment devices 



How to dispose 
of RFI problems 
quickly and easily — 
ideas from an 
overseas amateur 
that will work 
in your station 


Radio-frequency interference (RFI) from amateur 
transmitters to television, broadcast, and hi-fi sets is 
still a problem. Most such cases of RFI can be attrib¬ 
uted to fundamental overload of the home-entertain¬ 
ment device from the transmitter, especially if the 
transmitter is running high power (500 watts or 
more). 

The remedies are well known for this type of RFI, 
but I'd like to summarize some of the cures: 

1. Install a filter in the ac line to the device. 

2. Install a 0.01-/xF capacitor across the speaker 
terminals. 

3. Install an rf choke in the speaker leads. Such a 
choke can be made by winding the speaker leads 
onto a ferrite rod. 

4. Make sure the home-entertainment device has 
a good rf ground. 

5. Use shielded cable for the speaker leads, and 
ground the shield. 

6. Install a good-quality 0.01-/xF capacitor be¬ 
tween the device chassis and ground. 

7. Ground the device's antenna coaxial-cable 
shield. 

8. Wind 10-15 turns of the device's antenna coax 
cable onto a ferrite rod. This will form an effective 
rf choke. 

9. Install a good highpass filter directly at the 
device's antenna terminals. Make sure the filter is 
shielded, and ground the shield. 


By John DeVoldere, OIM4UIM, 215 Poelstraat, 
B-9220 Merelbeke, OV Belgium 
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In all cases of reported RFI, I've eliminated the 
problem by one or more of the methods mentioned 
above without having to make any changes inside 
the home-entertainment device. 

There's nothing original here so far, but I offer 
some other hints that you may find useful in your 
own RFI problem: 

I always keep a selection of filters available for any 
RFI complaint. The set of filters includes a good-qual¬ 
ity ac filter for the power line, a highpass filter for 
twin lead or coax-cable, ferrite-rod filters for speak¬ 
ers, an rf choke for coax cable, and some wires and 
clip leads for grounding purposes in tests. 

responding to RFI complaints 

Almost all interference complaints I receive are by 
telephone. Here's what I do. I ask the complainant to 
leave the phone off the hook and tell him I'll be right 
over to check the problem. Then I switch on my 
phone patch, turn down the receiver gain control so 
the receiver won't trip the VOX in my transmitter, 
and adjust my transmitter for VOX operation through 
the telephone. Then I grab my assortment of filters, 
hop into my car, and ring the complainant's door bell 
within minutes after his telephone call. 

Now here's where you need some diplomacy. 
Don't be aggressive, but explain that you're genuine¬ 
ly interested in resolving the RFI problem as a mutual 
endeavor. Tell the complainant you're there to inves¬ 
tigate the problem and want to use his telephone to 
put your transmitter on the air. He may raise an eye- 



Ferrite or powdered-iron toroid can also be used to form in¬ 
line rf chokes with loudspeaker leads. 

TVI suggestions 

In cases of TVI complaints, proceed as follows: 

1. Disconnect the device's antenna feedline. If TVI 
continues, install a filter in the device's ac line. If this 
doesn't help, you're probably in big trouble, because 
you have a case of direct pickup by the device. 

2. If disconnecting the antenna feedline stops the 
TVI, try the following: 

A. Install a highpass filter 

B. Install a coaxial-cable rf choke (10-15 turns on 
a ferrite rod). 

C. Ground the antenna coax-cable shield at the 
TV-set chassis (through a O.OI-/ 4 F capacitor if 
necessary) to a good rf ground. 


Loudspeaker lead can be 
wound Into an rf choke by 
winding the lead around a 
ferrite antenna rod. 



brow at this remark, but pick up his phone and put 
your transmitter on the air. Talking into the com¬ 
plainant's phone will trip your VOX, which makes it 
possible for you to make the diagnosis of the RFI 
problem, if any. No help from the outside, and you 
can do it right away. 


suggestions for hi-fi RFI cures 

If you have to deal with a complete hi-fi system in¬ 
cluding tuner, amplifier, turntable, and recorder- 
deck, there's only one logical approach that can 
be used. 
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Disconnect all units from each other and from the 
ac line — except for the amplifier (just leave the ac 
cord and speaker leads connected). If interference 
still persists, disconnect the speakers and try the unit 
on headphones. If the interference disappears, the 
problem probably lies in pickup through the speaker 
cables (the RFI is being fed to the preamplifier stages 
through the audio feedback circuit). 

Install the ferrite-rod filters in the speaker leads 
(10-15 turns). If necessary, connect 0.01 ~/zF capaci¬ 
tors across the speaker terminals to ground. In very 
stubborn cases you may have to go all the way and 
use shielded speaker cable and ground the cable 
shield to a good rf ground. 



In some cases interference can be reduced by winding ex¬ 
ternal audio input leads on toroidal cores. 

If disconnecting the speaker cables doesn't kill the 
RFI, the pickup must be coming through the ac line, 
so you must install a good filter between the set ac 
input and the house wiring. Again, a good rf ground 
may have to be connected to the ac filter. 

If the hi-fi amplifier plus the speakers (by them¬ 
selves) don't show any interference, connect all 
other pieces of equipment, one-by-one, to determine 
where the RFI is appearing. If connecting the tuner 
brings up the RFI, try highpass (or coax rf-choke) fil¬ 
ters on the antenna lead; then try an ac line filter. A 
similar approach can be used when connecting other 
pieces of equipment, such as tape decks. 

summary 

Using your phone patch to solve the RFI complaint 
quickly and independently ; using a logical approach 
when checking the complainant's set; having a ready 
assortment of anti-RFI filters available at all times — 
all these will go a long way toward maintaining a 
good relationship with your neighbors. This ap¬ 
proach will also ensure keeping your amateur station 
on the air at all times. 

ham radio 



In ihe pasi when your YAESU or KENWOOO dealer said ihe CW crystal 
filler lor your sel was optional you had a choice: Buy one ol his standard 
units — or do without. 


NO LONGER! 

Now FOX-TANGO noi only oilers tillers similar in bandwidth to those sup¬ 
plied by your set 's manufacturer, bui also sharp eight-pole, 250 Hz band¬ 
width liners wilh superior shape factors ai an unbeatable price — some 
similar units are being advertised lor $100! And ovon so, they are not as 
sharp. 

BUT THAT’S NOT ALL 

Yaesu’s CW fillers for fhe FT-lOf. FR-tOf and FT-301 Series have a 
bandwidth ol 600 Hz. Most hams feel 600 Hz is loo wide tor today’s condi¬ 
tions bui (hat’s not Ihe only reason they lind Ihe going rough when the 
band is crowded Not only are our litters 8-pole, bui they have a superior 
shape factor and 500 Hz bandwidth. Wide enough lor lunmg ease, yet 
sharp and selective enough to cut through all but the heaviest OHM And 
for ihe Kenwood CW enthusiast FOX-TANGO now oilers, m addition to 
the sharp eight-pole 250 Hz units lor the TS-520. R-599. and Ihe TS-820 
Series: new eighl-pote 400 Hz fillers with characteristics superior to those 
ol the regular Kenwood 500 Hz units 

SOME REAL OPTIONS 

But talk about FREEDOM OF CHOICE 1 Inexpensive, easily installed diode- 
switching boards are now available lor all the above sets which permit Ihe 
addition ol up lo Iwo crystal tillers m addition lo those lor which Ihe manu- 
laciurer provides space. For example, il you have no CW lliler at present or 
are |ust buying your sel (which never comes wilh Ihe litter laclory-in- 
stalled) you can select either ol our superior unils. secure in Ihe knowl¬ 
edge that you can add the other later il you wish Or II your rig already has 
a standard CW litter installed, you can add our sharp unil so that either can 
be switch-selected often using existing front panel controls Just imagine 1 
Nail your rare DX with ihe standard-type litter and cut out the crud and 
crowd wilh the flip ol a switch Now that 's OPERATING* 

HOW WE DO IT 

Some hams have wondered how we can oiler superior tillers at such a low 
price And they are superior, not only on the basis of laboratory tests but 
according to members of Ihe International Fox-Tango Club who have used 
them in their rigs lor many months The answer lo Ihe "low price" ques¬ 
tion is that these litters are made lor us in Japan by a concern with almost 
a quarter-century ol experience in the design and production of Ihese 
units, among others, for use in the best-known and most respected 
brands ol both amateur and commercial gear In the past their filters were 
sotd exclusively to set manufacturers Now they are being ottered at retail 
for ihe first time — and al introductory prices — through our organization 
only 

GET YOURS NOW AND BEAT THE INFLATIONARY SPIRAL! 

Our Flttm tr* told on a Monty-back Guinntw Satis. 

FOX-TANGO CORP. 


Box 15944, W. Palm Beach, FL 33406 


iO 


60 



DIODE SWITCHING BOARDS permit easy mounting 

(without drilling! ol up lo two crystal tillers of any type in addition lo 
those lor which the irkanulacturer provides space these boards will 
accommodate any ol Ihe tillers listed below and other types planned 
lor the luiure ihey include one stage ot ampliation lo compensate 
for fillet insenion losses, il desired Complete instructions SPECIFY 
Sal with which board it to bo utod $15 with purchase ot any titter 
$20 without filler Airmail ppd US & Canada Overseas add $ I 
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vf ttetuw! 


ALL TYPES 

Only $50 

Airmail Ppd US 
& Canada Overseas 
add S3 
Circle type 
desired. 


I enclose $__ D Check □ Money Order 

(Make checks payable lo FTC) 


I preler lo charge my 
□ VISA □ Master Charge 
Account No __ 


Name _ 
Address 


□ Cash 


Expiration dale 


City 



4 digit no 


_ Slate ___ Zip 

Florida residents add 4% Sales Tax, 
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600 kHz offset 
for frequency 
synthesizers 

The circuit shown in fig. 1 is de¬ 
signed for use with any frequency 
synthesizer which uses a program¬ 
mable divider with outputs available 
from each flip-flop. The schematic 
shows its implementation in the 
GLB 400B synthesizer; only two ICs 
are needed to accomplish the func¬ 
tion. The output of the divider at the 


end of a count sequence pulses the 
phase comparator U1, and reloads 
the counters U7, U8, and U9 to the 
number determined by the frequency 
set switches. (All of this circuitry is 
not shown in the partial schematic of 
the GLB 400B.) When enabled, the 
offset circuit gates off this pulse until 
the 100 kHz counter U8 reaches a 
count of 6 which corresponds to 600 
kHz. At this time, a pulse is gated 
through to U1 and the counter load 
circuits. Other numbers could be de¬ 



fig. 1. Simple circuit for generating 600 kHz offset with a fre¬ 
quency synthesizer that uses a programmable divider; only two 
ICs are required. The circuit here shows how the circuit is used 
with the GLB 400B synthesizer. 


coded from U7, U8, and U9 by using 
a similar gating arrangement for any 
desired offset, for application in syn¬ 
thesizers for 220 MHz and 450 MHz. 

In addition to its simplicity, one ad¬ 
vantage of this circuit is that it will 
only offset the synthesizer -600 
kHz, and accidental operation above 
148 MHz is not possible. When op¬ 
erating, always select the higher fre¬ 
quency of a repeater pair on the fre¬ 
quency set switches. In the 146-147 
MHz segment offset Tx to transmit 
on the repeaters input; in the 147-148 
MHz segment select offset Rx to re¬ 
ceive the repeater output. To operate 
reverse simply flip the switch the 
other way. With the center-off pos¬ 
ition of the switch, transmit and re¬ 
ceive will be on the selected fre¬ 
quency. The offset function is dis¬ 
abled in this position. The LED indica¬ 
tor will only light while offset is 
actually taking place, so it will go on 
and off between receive and trans¬ 
mit, always indicating the operating 
condition. 

Only two ICs are required for the 
actual offset circuit, and U7 must be 
changed to an 8281, which is simply 
a plug-in substitution. Also, remove 
the Ik, 1.5k resistors, and the 150 pF 
capacitor from pins 1 and 2 of U10 
(R24, R25, C19). They are no longer 
required because the added circuitry 
always presents the proper TTL sig¬ 
nal level to this gate. Be sure to put a 
jumper in place of C19. 

Dave Sargent, K6KLO 
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illumination for 
lever action switch 

Having problems reading thumb¬ 
wheel or lever action switches in the 
dark? The new Heath HW2036 is a 
perfect example of a fine synthesized 
receiver at a price anyone can afford. 
One of its shortcomings is the lack of 
illumination on the lever action 
switches. Material used to make the 
light bar in fig. 2 came from the junk 
box of my model railroad. However, 
the brass and lamps can be obtained 
at any hobby shop for less than 
$ 2 . 00 . 


Use a 3/16-inch (4mm) diameter 
brass tube cut to the width of the 
switch assembly so that the brackets, 
when soldered to the tube, will fit 
snugly against the side of the switch 
bezel and mount under the existing 
screw. Cut two slots for the lamps, 
large enough for the lamps to pass 
through after soldering and painting. 
Rough trim the brackets, then solder 
so that the slots aim down and the 
tube is spaced away from the panel 
the thickness of the protruding bezel, 


approximately 2 mm (1/16 inch) or 
so. Bend brackets, drill holes for 
mounting screws and for the lamp 
wires in sleeving to pass through the 
right hand bracket; file smooth and 
paint. 

The brackets should hold the tube 
high enough above the top of the 
switch to clear the upper most posi¬ 
tion of the lever switch. One screw is 
sufficient to mount, and ihe wires in 
sleeving are passed through the hole 
in the panel and connected to ground 
and the meter lamp wire. Use grain or 
wheat lamps and carefully insulate 
the wires at the base with five-minute 


epoxy. I used red lamps to cut the 
reflected glare from the switch. 

Another modification for the 
HW2036 which improves the opera¬ 
tion is to change the back panel and 
replace the RCA phone jack with an 
S0239 connector. Enlarge the hole in 
the printed-circuit board to take the 
stub of the S0239 and replace the 
remote speaker RCA phone connect¬ 
or with a miniature phone jack. 

FredW. Snow, W2IFR 


re-forming the oxide 
layer in electrolytic 
capacitors 

Electrolytic capacitors, including 
computer grades, which have not 
been used for any length of time 
should not be subjected to full volt¬ 
age without first re-forming the inter¬ 
nal oxide layer. If this is not done, 
they may have high leakage which 
will result in rapid failure due to inter¬ 
nal heating. 

The oxide layer may be re-formed 
in the following manner: Connect the 
capacitor to a power supply set to the 
dc voltage rating of the capacitor 
with a series resistor to limit the short 
circuit current to around 10 mA. For 
example, for a 200-volt capacitor, the 
power supply would be set to 200 
volts and the series resistor would be 
20,000 ohms. If several capacitors are 
being re-formed simultaneously, they 
should not be directly paralleled. 
Instead, each capacitor should have 
its own current limiting resistor. This 
allows each capacitor to charge inde¬ 
pendently, at a rate dependent on its 
internal leakage. Jt also allows the 
voltage on each capacitor to be 
measured separately as an indication 
of its condition. It has been my exper¬ 
ience when re-forming large numbers 
of surplus computer grade electroly¬ 
tes in this manner that most of them 
will charge to close to full voltage in 
just a few minutes. A few will stabil¬ 
ize at a considerably lower voltage, 
indicating that they have a high leak¬ 
age and really need the re-forming 
procedure. 

I have not yet enountered a capaci¬ 
tor that would not charge to the same 
level as the others if left connected 
long enough, although this has taken 
as much as several days. When this 
finally happens, it means that the ox¬ 
ide layer is totally re-formed, and the 
leakage has dropped to a normal 
level. 

John Becker, K9MM 




DRILL NO 44 
HOLE FOR WIRE 
AND SLEEVING 


fig. 2. Adding illumination so you can see the HW2036 thumbwheel 
switches in the dark. Brass stock is available in most hobby shops. 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 150. 

MFJ antenna tuners 

MFJ Enterprises has introduced a 
series of three new antenna tuners, 
using efficient, air wound coils, pro¬ 
ducing less loss than a tapped toroid. 

The versatile, top-of-the-line MFJ- 
941 Versa Tuner II features built-in 
swr and dual range wattmeter (300 
and 30 watts full scale), antenna 
switch for selecting two coax-fed an¬ 
tennas, random wire or balanced line, 
and tuner bypass, and a 1:4 balun for 
balanced lines. It handles up to 300 
watts of rf power and matches di¬ 
poles, inverted Vees, random wire, 
verticals, mobile whips, beams, bal¬ 
anced lines, and coax lines from 1.8 
through 30 MHz. 



This beautiful little tuner is housed 
in a deluxe, eggshell white Ten Tec 
enclosure with walnut grain sides 
and is a compact 20 x 5 x 15 cm (8 x 
2x6 inches). SO-239 coax connec¬ 
tors are provided for the transmitter 
input and all coax fed antennas, while 
quality, five-way binding posts are 
used for balanced line, random wire, 
and ground connections. 

The MFJ-941 Versa Tuner II sells 
for $79.95 and comes complete with 
mobile mounting brackets. 


The MFJ-901 Versa Tuner also 
uses an efficient airwound coil, han¬ 
dles up to 200 watts, and has a built- 
in 1:4 balun for balanced lines. It 
matches all types of transmission 
lines (coax, balanced lines, random 
wire) are virtually all types of anten¬ 
nas from 1.8 through 30 MHz. It is an 
ultra compact 12.7 x 5 x 15 cm (5 x 2 
x 6 inches) and uses SO-239 coax 
connectors and quality, five-way 
binding posts. The MFJ-901 Versa 
Tuner sells for $59.95. 



The MFJ-900 Econo Tuner is the 
same as the MFJ-901 Versa Tuner 
except that it does not have the 
built-in 1:4 balun for balanced lines. 
Price is $49.95. 

The MFJ-941 Versa Tuner II, MFJ- 
901 Versa Tuner, and the MFJ-900 
Econo Tuner are all available from 
MFJ Enterprises, and each has a 30- 
day money back trial period. MFJ 
also provides a one year, uncondi¬ 
tional warranty. 

To order, call toll free 800-647-8660 
or write to MFJ Enterprises, Box 494, 
Mississippi State, Mississippi 39762. 

mobile antenna matcher 

Barker & Williamson offers their 
new model AT-200 antenna matcher 
for matching two-meter amateur 
mobile transceivers to automobile 
a-m/fm broadcast receiver antennas. 
The model AT-200 is intended to pro¬ 
vide the theft-foiling benefits of dis¬ 
guised and "hideaway" antennas at 
lower cost, and to eliminate the nui¬ 
sance of constantly putting up and 
taking down a second antenna. 

The new unit consists of a tunable 
matching network, an output indica¬ 
tor, and a selector switch, in a com¬ 
pact case. It is furnished with two 


coaxial cables for connections to the 
entertainment radio and the two- 
meter rig. The connecting cables 
have a Motorola-type connector for 
the entertainment radio and a PL-259 
connector for the two-meter rig. The 
front panel contains a tuning knob, a 
two-position (a-m/fm or two-meter) 
selector switch, and an output indica¬ 
tor light. The unit is supplied with a 
mounting bracket and installation in¬ 
structions and will handle 100 watts 
from the transceiver. 

The model AT-200 antenna match¬ 
er is available through Barker & 
Williamson distributors and dealers 
at an introductory price of $22.50. For 
additional information, call or write 
Barker & Williamson, Inc., 10 Canal 
Street, Bristol, Pennsylvania 19007. 

power/swr meter 

A new power/swr meter, with an 
swr accuracy 100 times better than 
typical meters, is now available from 
Communications Power. The CPI 
Model WM-7000 uses a 30 dB di¬ 
rectional coupler which provides 



accurate swr readings to a ratio of 
1.1:1. Most other swr bridges use 10 
dB directional couplers, accurately 
reading to only 2.0:1, and even some 
of the more expensive meters only 
use 20 dB direction couplers. 

The CPI WM-7000 reads peak or 
average power for accurate ssb 
power measurements, facilitating ad¬ 
justment of microphone and speech 
compressor controls. The big 9 cm 
(3-1/2-inch) meter allows easy read¬ 
ing on three scales: 20, 200, and 
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1000 watts. The unit covers the 1.8 
MHz-30 MHz frequency range (160 
through 10 meters). 

Further information on the CPI 
WM-7000, and the company's com¬ 
plete line of high technology Ameri¬ 
can-made communications gear, is 
available from Robert Artigo, Com¬ 
munications Power, Inc., 2407 
Charleston Road, Mountain View, 
California 94043. 

lightweight headphones 
from Telex 



To overcome extraneous noise, 
and at the same time provide extra 
comfort and performance, Telex 
Communications, one of the world's 
leading manufacturers of professional 
communications equipment, offers 
the radio amateur three lightweight 
headphone models. All three models 
have magnetic transducers with 
rising frequency response, making 
them particularly well suited for 
communications-quality audio use. 

Headphones concentrate the sig¬ 
nal at the ear, overcoming ambient 
noise and room acoustics. Also, they 
allow the operator to work without 
disturbing others, which is not possi¬ 
ble with a conventional speaker. Ad¬ 
ditionally, the operator is able to more 
easily hear and understand weak sig¬ 
nals than when using a speaker. 

The HTC-2 is an over-the-head 
unit. This is Telex's lightest twin re¬ 
ceiver unit, widely favored by pilots, 



- SCR 1000 - 

Standard, of Comparison 

IN VHF FM REPEATERS! 


2M&N0W 220 MHz! 




Optional Cabinet $130.00 


Now Available with Autopatch! 


Now Spec Comm has taken the hassle out of putting an auto¬ 
patch repeater on the air! The SCR1000/SCAP is a fully self-con¬ 
tained 30 watt repeater with built-in autopatch and land line con¬ 
trol. You simply plug in the phone line, hook up the duplexer, and 
you’re on the air! The usual months of problems are eliminated! 
The SCR1000/SCAP has been meticulously engineered to provide 
the smoothest performing patch together with a positive land line 
control of the repeater. Just look at all these features: 


Features: 

• Normal patch, or secure "reverse" 
patch 

• 3 digit anti-falsing access — single 
digit disconnect 

• 3 digit on-off control of repeater 
transmitter 

• Wide range audio AGC on input 
and output 


• 4 sec. time limit on access 

• Built-in adjustable time-out func¬ 
tion — patch shuts down in 30-90 
sec. if no carrier is received 

• User can mute phone line audio 
simply by keying his mic button — 
prevents embarrassing language 
from being repeated 

• Patch access and repeater control 
— either over the air or over the 
land line 


The SCR1000/SCAP is a complete Autopatch Repeater — fully assembled, set-up and 
checked-out m our lab. As with all Spec Comm products, all workmanship and components 
are of the very highest quality. The price? A very reasonable $1585.00 — complete. 1 ($2080.00 
wlWP641 Duplexer.) (For Rptr., w/o FL-6 Rcvr. Preselector, deduct $85.00.) Get your order in 
A.SA.P. 


• The SCR 1000 — the finest repeater available on the amateur market .. . often 
compared to "commercial" units selling for 3-4 times the price} This is a 30WI, 
unit, with a very sensitive & selective receiver. Included is a built-in AC Supply, 
CW IDer, full metering and lighted status indicators/control push buttons, 
crystals, local mic, etc. Also, jacks for emergency power, remote control, 
autopatch, etc. 

• Custom options available: Duplexers, Cable, ‘PL*, HI/LO Power, Touch Tone 
Control, Racks, etc. Inquire. 

• The Spec Comm Repeater System ... a sound investment. .. available only by 
direct factory order. SCR1000 w/FL-6 Rcvr. Preselector $1035.00. ($950.00 w/o 
FL-6.) Commercial price somewhat higher. 

• A Full Line of Repeater Boards & Assemblies Are Also Available: 

Inquire. 


Call or write today and get the details! Send for Data Sheets! 



SPECTRUM COMMUNICATIONS 

1055 W. Germantown Pk., Norristown PA 19401 (215) 631-1710 
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our little boxes 
replace a lot of cable ! 

. select any of five antennas ot the 
turn of a knob, with just one 
feedline and a control cable to 
the remote switching unit • 

• saves coox, simplifies station layout * 

,jl ———mmm -handles 4 kw p e p * 

• other models to nine positions* 

• full one-year warranty • 

model sw-5 heavy duty — 

REMOTE CONTROLLED ANTENNA SWITCH - $ 135® plus $3 shipping jg 

• order direct or write for brochure • 

ANTENNA MART _ 515-292-7114 

box 1010, i.s.u. station, ames, iowa 50010 j 



THE ALL NEW DRAKE 
TR-7 TRANSCEIVER 


is the talk of the town 


*. f >,-1 




It took Dayton by storm and 
is now sweeping the nation... 

Here’s why ... Just look at these features: 

Covers 10 • 160 meters.* Frequency Counter to 150 MHz with digital option. 
Broadband, solid-slate design. Designed £ manufactured in U.S.A. 

Programmable auxiliary coverage, 250-watt Input with full VSWR protection. 
Up-conversion receiver for superior dynamic range. True passband tuning. 
Synthesized PT0. CW SSB RTTY AM capability. 

Independent receive selectivity. Built-In VSWR/vrall/S-meter. 


MATCHING ACCESSORIES; 


Remote VF0 
Matching Speaker 
Digital read-out board 
I20/240*voll wide-range 
power supply 


AM filter 
RTTY filter 

2 CW titters. 300 Hi. 500 H2 
Fan (for RTTY) 

Noise blanker 


Mobile mount 
Antenna tuner/wattmeter 
Walimeter/VSWR bndge 
Aux-7 Expanded receive 
Capability 


'Includes capability for MARS. Embassy, and Government Irequencies, and possible future Amatour-Band 
expansion Receiver coverage continuous from t 5-30MHz.and0 1.5 MHz with Aux-7 

Come on in and see for yourself; better still... 

ORDER YOURS TODAY - FROM KLAUS RADIO 

Send SASE NOW tor detailed info on these systems as well as on many other fine 
lines. Or, better still, visit our store Monday thru Friday from 8:00 a.m. thru 5:00 p.m. 
The Amateurs at Klaus Radio are here to assist you in the selection of the optimum 
unit to fullfilt your needs. 

KUII RADIO me 

8400 N. Pioneer Parkway, Peoria, IL 61614 
Jim Plack W9NWE — Phone 309-691-4840 
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broadcasters, and hams. The dual 
magnetic receivers rest on the opera¬ 
tor's temples with the sound fed to 
the ears through adjustable, ball- 
and-socket mounted tubular arms. 
This system permits either or both 
sound arms to be turned away for 
conversation without removing the 
entire headphone. 

Two of the Telex units are under- 
the-chin style: the Model HMC-2 
featherweight offers a magnetic driv¬ 
er-element positioned between the 
adjustable anodized-aluminum tone 
arms for optimum sound reproduc¬ 
tion. The plastic eartips are remov¬ 
able. The Model HFC-91 provides a 
millisecond delay between ears by 
means of a magnetic element that 
channels the signal through the 
acoustic tubes, resulting in greater 
depth and clarity of the signal. The 
comfortable foam ear cushions are 
easily removed for cleaning and re¬ 
placement. For single ear use, the 
driver element snaps onto the Nylon 
earloop. 

For more information and a catalog 
of the Telex line of equipment, con¬ 
tact Otto Janssen at Telex Communi¬ 
cations, 9600 Aldrich Avenue South, 
Minneapolis, Minnesota 55420, 

two-meter transverter 

Hamtronics has announced the 
VX2, a new 2-meter ssb transverter 
which you can use for Oscar mode J 
operation. Of course, it may be used 
for Mode A and simplex activity as 
well. The new model VX2 transverter 
is constructed on a pc board, as 
shown in the photo. The kit is easy to 
build and align, with convenient test 
points at each stage. 

The kit intended for use with IO¬ 
meter ssb exciters, but some have 
been used with recycled 11-meter 
ssb units for inexpensive Oscar op¬ 
eration. Various frequency schemes 
are available to accommodate dif¬ 
ferent types of exciters. The trans¬ 
verter requires only 5 mW of drive to 
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provide 2W PEP output. Many of the 
newer exciters have a low power out¬ 
put connection, and older ones can 
either be modified or used with an 
attenuator to provide the required 
drive. Perhaps the best feature of this 
new transverter kit is the economical 
price — only $59.59. 

Two linear power amplifiers are 
available for higher power output: A 
model LPA2-15 provides 15 watt 
PEf; and model LPA2-70 provides 70 
watt PEP output. A cycolac case is 
also available for the transverter and 
PA as an option. 

For more information write for a 
free catalog on these and other vhf 
and uhf kits, including preamps and 
converters for Oscar frequencies. 
Hamtronics, Inc., 182-F Belmont 
Road, Rochester, New York 14612. 

high-power VHF 
mobile antennas 

A line of mobile antennas with high 
power ratings, covering the six and 
two-meter frequency ranges, has 
been introduced by Antenna Incorpo¬ 
rated. The six-meter antennas feature 
200-watt loading coils; the two-meter 
antennas are available with either 150 
or 200-watt loading coils. They are 
available with 3/4-inch toggle 
mounts, cowl mounts, and no-hole 
trunk-lip mounts. Also available are 
100-watt models with either the same 
mounts, or with 3/8-inch snap-in, 
spring-clip gutter, and magnet 
mounts. Loading coils are tuned at 
the factory to achieve a standing 
wave ratio of 1.5:1 or less, and each 
antenna includes a cutting chart so 
the whips can be field trimmed to 
exact frequencies. 

Each antenna features a plated 
stainless steel whip for low resistivity 
to combat skin effect, stainless steel 
impact spring, shock-resistant and 
weatherproofed PVC-wrapped load¬ 
ing coil, and 17 feet of coaxial cable 
with a soldered PL-259-type con¬ 
nector. 


Loop Antenna 



Here is an exciting new device to improve your reception on 160, 80, 
the broadcast band, and on VLF. 

It is well known that loops pick up far less noise than most other 
antennas. And they can null out Interference. Now Palomar Engineers 
brings you these features and more In a compact, carefully engineered, 
attractive desktop package. 

Unlike ordinary direction-finder loops, it tilts to match the Incoming 
wave front. The result: Deep nulls up to 70 db. You have to listen to 
believe it! 

Does the Loran on 160 give you a headache? The loop practically 
eliminates It. Broadcast station 2nd harmonic ruining your DX? Turn 
and tilt the loop and it’s gone. Does your friend in the next block with 
his kilowatt block those weak ones? Use the loop and hear him fade out. 

Loop nulls are very sharp on local and ground wave signals but usually 
are broad or nonexistent on distant skywave signals. This allows local 
Interference to be eliminated while DX stations can still be heard from 
all directions. 

The loops are Litz-wlre wound on RF ferrite rods. They plug into the 
Loop Amplifier which boosts the loop signal 20 db and isolates and 
preserves the high Q of the loop. The tuning control peaks the loop and 
gives extra preselection to your receiver. 

Plug-in loops are available for these bands: 

150-550 KHz (VLF) 

540-1600 KHz (Broadcast) 

1600-5000 KHz (160 & 80 meters) 

Send for free descriptive brochure. 

Order direct. Loop Amplifier $67.50; Plug-in Loop Antennas $47.50 
each [specify frequency band]. Add $2 packing/shipping. Calif, 
residents add sales tax. 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 
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HITEHOUSE & CO 

10 Newbury Drive, Amherst, N.H. 03031 


Send for FREE Catalog 


TRANSMATCH 

PARTS 





oei "- 4 


LOOK AT THESE PRICES, LOWEST YET: 

15410 Single section 350 pf. transmitting capacitor. 154-507 Dual-section 192 pt. section 
transmitting capacitor, 229-203 Roller Inductor 28 juh by Multronlcs, 3902-1 Turns Counter 
by Barker & Williamson. SEPARATELY PRICED AT $163.80 NOW $129.95 

WE ALSO STOCK THE OTHER TRANSMATCH PARTS. 


POPULAR TOROID 
ASSORTMENT 



We Slock a Complete 
Line of Powdered Iron 
and Ferrite Products. 


CONVENIENCE AND LOWER COST $15.50 Value lor $9.95 
INCLUDES: 2 pcs. each, T25-2, T25-6, T37-2, T37-6, T37-10, T37-12, T50-10, T50-12, 
T68-10, T80-2, T80-6, T94-2. 3 pcs. each, T50-2, T50-3, T50-6, T88-2, T68-3, T6B-6 
AND CONVENIENT STORAGE BOX AND SPEC SHEETS 

TRANSMATCH BALUN SPECIAL 3 T200-2 cores plus 20’ #14 Teflon Covered Wire 

SAVE $3.45 TBS Kit...$9.75 

FERRITE BEAD ASSORTMENT 

Includes convenient plastic storage box and one dozen each ol FB43-101, FB43-801, 
FB84-101, FB64-801, FB73-101 and FB73-801 plus new spec sheets. Value $7.50 for $6.95 
Add $2.00 to each order for shipping and handling. Prices subject to change. 
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MODEL 

# 500 MHz 

CTR-2A 

& 1 GHz 

, rx 



1 us to 
1 sec. 



10 mv @ 

150 MHz 


Ths Now Model CTR-2A Series Counters are designed and built to the highest standards 
to fulfill the needs of commercial communications, engineering labs and serious experl- 
mentors. With an accuracy of + .00005% (oven option) tho CTR-2A can handle the most 
critical measurements and Is about half the cost of other commercial counters. 

If you need a reliable counter at an affordable price, the CTR 2A is the answer. 


• Built-in Pre-Amp 10 mv @ 1 50 MHz 

• 8 Digit .3" LED Display 

• High Stability TCXO Time Base 

• Built-in VHF-UHF Prescaler 

• Automatic Dp Placement 

• TCXO Std. .1 2 ppm 

500 MHz Kit CTR 2A-500K . 

500 MHz Assembled CTR-2A-500A - - 

1GHz Kit CTR-2A 1000K . 

1GHz Assembled CTR 2A-1000A 

OPTIONS .... 

02) Oven Crystal $49.95 05} 10 s 

03) ,43" LED 10.00 06} Peri 

04} 12 V-DC 10.00 07) Han 


• Period Measurement (Optional) 

• Input Diode Protected 

• 1 2V-DC Operation (Optional) 
•Oven Controlled Crystal (Optional) 

± .5 ppm 

• Selectible Gate Times - i & 1 sec. 


$249.95 

349.95 
399 95 

549.95 


05} 10 sec. Time Base $ 5 00 
06} Period 1 5.00 

07) Handle 10.00 


PROBES 
HiZ 
SI 5.00 

• 

Low Pass | 
SI 5.00 


OAVIS ELECTRONICS 636 Sheridan Or., Tana., N.Y. 14150 716/874 5848 


The 200 watt two-meter antennas 
also feature Antenna Incorporated's 
new high-power coaxial cable. While 
the 150 watt high-band and 200 watt 
low-band antennas include RG/58-U 
cable, this cable cannot safely handle 
200 watts of power on two meters. 
Antenna Incorporated's high-power 
cable has performance characteristics 
similar to RG-6/U, but in a smaller 
size, thus eliminating the problems of 
using the larger cable in mobile appli¬ 
cations. 

"These antennas also are part of 
Antenna Incorporated's professional 
land mobile line and have been de¬ 
signed to meet the needs of high 
power communications users," sales 
manager Randall Friedberg said. 
"They offer the amateur the best in 
antenna quality and dependability." 

For further information on the 
company's complete line of com¬ 
munications antennas and acces¬ 
sories, contact Randall J. Friedberg, 
Antenna Incorporated, 23850 Com¬ 
merce Park Road, Cleveland, Ohio 
44122. Phone (216) 464-7075. 
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die-cast body and non-skid feet, the 
key does not need to be secured to 
the operating desk, nor does it re¬ 
quire a sub-base. As with all NYE VI¬ 
KING keys, the contacts are gold- 
plated silver for sharp, sure sending. 
The base of the Master Key has a 
black wrinkle finish with nickel plated 
exterior hardware. The adjustable 
action key arm is fitted with a Navy- 
style knob. The Master Key comes 
complete with 90 cm (3 feet) of two- 
conductor cord with attached plug. 
The list price is $19.50 

This new product joins the famous- 
for-quality NVE VIKING line, which in¬ 
cludes Speed-X and Super-Squeeze 
Keys, lambic Keyers, Low-Pass Fil¬ 
ters, Antenna Impedance-Matching 
Networks, and Phone Patches. All 
are manufactured by Wm. M. Nye 
Company, Inc., 1614 - 130th Avenue 
NE, Bellevue, Washington 98005, 
and available at dealers nationwide. 
Write for more information. 

new OSCAR book 

What's OSCAR? It's a series of 
communications satellites designed 
and built by amateur radio operators. 
The best thing about them is their 
accessibility — anyone with an in¬ 
expensive receiver and simple anten¬ 
na can hear the tiny satellites as they 
pass overhead, and persons holding 
amateur radio licenses can transmit 
voice and Morse-code signals up to 
them as well. 

OSCAR is an acronym for Orbiting 
Satellite Carrying Amateur Radio. A 
new book published by The American 
Radio Relay League provides every¬ 
thing the interested electronics and 
space buff needs to know to track, 
listen to, and transmit through the 
spacecraft. This new book, Getting 
to Know OSCAR — From the Ground 
Up is a complete guide to the ama¬ 
teur satellites. Its 14 sections include 
an introduction to the exciting world 
of space communications, the equip¬ 
ment needed, a description of the 
brand-new OSCAR (and future ones 
now under construction), and a dis- 


...every tovver in ^ 
made this good. 

Once In a while something really big 
comes along like Tri-Ex’s all new W-80. So big 
we decided to call It the “Big W”. 

It’s the big one of Tri-Ex’s “W” Series 
towers. 

Early on was the W-51. A superb per¬ 
former and very popular still. 

Last year came the W-67. Higher, bigger, 
stronger. 

Now the W-80, Tri-Ex’s “Big W” tower. 

Excellent Performance 

Provides good DX capability at low 
costs. And If you’re watching the sunspot 
cycle—It’s now on an upswing for better than 
average transmission and reception. 

“Big W“ Is a free-standing, crank-up 
tower that goes a full 80-feet up. You can 
lower It with relative ease under windy condi¬ 
tions using “Big W’s” comfortably positive 
pull-down cable to protect your antenna load. 

Inherently Strong 

As with all “W" Series towers, the W-80 Is 
made of high strength steel tubing legs with 
solid rod “W" bracing. Stable? You bet! 

Hot dipped galvanized after fabrication. 
Long lasting. Five sections. Included Is a free 
rlgicl base mount. And the top plate Is pre¬ 
drilled for a TB-2 thrust bearing. 

Is TrI-Ex’s “Big W" your kind of tower? 
Better believe It! Write today or see your 
nearest dealer. Ask about the W-80. It’s real. 



E 

“BIG W" 


firi-Ex 

TOWER CORPORATION 

7182 Rasmussen Avenue, Visalia, California 93277 




july 1978 BB 107 



More Details? CHECK-OFF Page 142 





Denfion- 


$600 PRICE BARRIER 


with the all-new 

American-made DTR-1 hf transceiver 




500 Hz & 1 kHz 
Active Audio Fitters 


VOX and PTT.. 
Standard 


Digital Readout 
Standard! 


TOO GOOD 
to be seen 
’til AUGUST 


10 - 160M full coverage ■ 

All Solid State ■ 

Plug-in boards ■ 

Somi-break-in CW with sidetone 


Other Features 

■ 2.3 kHz 8-pole SSB filter 

■ 9 MHz i-f 

■ RIT ± 5 kHz 


No Final Shutdown 
works into any load! 


Noise blanker 
25 kHz calibrator 


ORDER NOW for August Delivery 


$599 ! 


AC Power Supply $99*® 


Hams Serving Hams Since 1939 

ELECTRONIC DISTRIBUTORS, INC. 

I960 PECK STREET MUSKEGON, MICHIGAN 49441 

TELEPHONE (616) 726-3196 TELEX 22-8411 


MFJ INTRODUCES A NEW 

24 HOUR DIGITAL CLOCK 

with HUGE 1-5/8 inch di gits that you can keep set to GMT. 
Alarm and snooze functions let you use it as an ID Timer. 
Assembled, too! 



*29 


95 


MFJ Enterprises brings you a new 24 hour 
digital alarm clock with HUGE 15/8 inch orange 
7 segmenl digits that you can see clear across 
the room. 

This one Is strictly lor your ham shack, one 
that you can leave set to GMT, No more mental 
calculations to get GMT. 

Use the alarm to remind you ot a SKED or 
with the snooze function as an ID timer to buzz 
you in 8 minute intervals. 

A constantly changing kaleidoscopic pattern 
Indicates continuous operation. 

Beige. 2 1/4 x 4 1/8 x 8 3/4 inches. UL listed. 
Requires 120VAC, 60Hz. 

Order from MFJ and try It - no obligation. If 
not delighted, return it within 30 days lor a re 


lund (less shipping!. One year limited warranty 
by MFJ Enterprises. 

To order, simply call us toll Iree 800-647-8660 
and charge it on your VISA or Master Charge 
or mail us a check or money order tor $29.95 
plus $2.00 for shipping and handling. 

Don’t wait any longer to enjoy the convenience 
ol a "Hams Only” clock. Order today. 

MFJ ENTERPRISES 

P. 0. Box 494 

Mississippi State, MS 39762 

Call Toll Free .... 800-647-8660 

For order status and repair status and in 
Mississippi, cat! 601-323-5869. 


cussion of their many practical uses, 
such as relaying of medical data over 
long distances. Each copy also con¬ 
tains an attractive four-color tracking 
device that makes finding the satel¬ 
lites a simple task. 

Every amateur radio operator, 
short-wave listener, electronics en¬ 
thusiast, and technician now has 
access to all he will need to know to 
enter the space age via OSCAR. 
Getting to Know OSCAR — From the 
Ground Up is available for $3.00 plus 
350 postage from Ham Radio's Com¬ 
munications Bookstore, Greenville, 
New Hampshire 03048. Order 
AR-OSC. 


antenna center insulator 
from Hy-Gain 
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In recent months there has been rising concern about the possible harmful effects to living tissue 
due to heating by radio-frequency energy at 10 MHz and above. The weekly CBS TV news maga¬ 
zine, 60 Minutes, devoted a segment to this topic several months ago, numerous "rf radiation" 
stories have been published in newspapers and magazines, and now there is a best-selling book on 
the subject: The Zapping of America, by Paul Brodeur. Although much of Brodeur's book is devoted 
to what he calls the "deadly risk of microwave radiation" and its "cover-up" by the government, he 
apparently doesn't know the difference between high-power radar or TV transmitters and high-fre¬ 
quency amateur and CB equipment. He would have you believe that little or no research has been 
done on the dangers of electromagnetic radiation; if your neighbors believe him, you may find your 
radio activities squelched by local citizens who are afraid of being "zapped" by your amateur trans¬ 
mitting equipment. 

Contrary to what Brodeur says, microwave engineers have been aware of rf radiation hazards for 
30 years or more, and the scientific community has spent thousands of man hours investigating its 
effects and establishing safety standards. It is known, for example, that the internal body organs are 
susceptible to damage from heating caused by high-power radio energy in the range from 150 to 
1200 MHz, and that the eye is especially prone to damage from radiation above 1000 MHz. More im¬ 
portantly, it is known that power levels which cause damage are much higher than those found in the 
average ham shack. Kilowatt transmitters on the amateur uhf bands (432 MHz and above) are poten¬ 
tially hazardous, but if they are completely shielded they are not dangerous to your health. On the 
lower frequencies there is practically no danger, even if you're running 2000 watts PEP. 

Based on present knowledge, which is extensive, various government agencies have established rf 
radiation safety standards with recommended exposure limits referred to as Radiation Protection 
Guide Numbers (RPGN). The accepted RPGN value is 10 milliwatts per square centimeter of body 
area, the standard set by the Occupational Safety and Health Administration (OSHA). Although there 
are some scientists who disagree with this standard, most agree that rf power levels one-half the 
OSHA standard (5 mW/cm 2 ) have little effect on the human body, and practically no one objects to a 
standard of 1 mW/cm 2 . Note that this is based on continuous exposure. 

If your transmitter is well shielded, and you use coaxial transmission line, the only possible danger 
is radiation from your antenna. Assuming a kilowatt linear with 65% efficiency and no feedline loss 
places about 650 watts at the antenna; what is the minimum safe distance? This depends on the 
directivity of your antenna, but for a half-wavelength dipole it equates to a distance of about 3 meters 
(10 feet) for a power density of 5 mW/cm 2 . If you're running less than a kilowatt, of course, the safe 
distance is less. Since most amateur dipoles are installed at least 8 meters (25 feet) above the ground, 
they obviously pose no radiation threat. 

What about multi-element Yagi beams and stacked arrays? Since most of the power is concen¬ 
trated in front of the beam, there is little danger above or below the antenna. Even with 650 watts in¬ 
put, the beam must have at least 15 dBd gain before the power density reaches 5 mW/cm 2 in the 
center of the forward lobe, 10 meters (30 feet) in front of the antenna. Few amateur antennas have 
this much gain, and those that do are used on uhf where it's impossible to generate 650 watts into 
the antenna and stay within the legal power limit. 

On the high-frequency bands, if your beam is on a tower at least 10 meters (30 feet) high and not 
pointed into a building less than 10 meters away, there is absolutely no hazard at legal amateur power 
levels. Keep this in mind if you start getting grief from your neighbors. 


Jim Fisk, W1HR 
editor-in-chief 
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comments 


microstripline 

impedance 

Dear HR: 

The formula W1HR deduced for 
microstrip impedance in the 
December, 1977, issue is interesting 
because it can be rewritten in the 
following way: 


The above discussion is derived 
directly from a consideration of the 
field cell concept and of field maps 
for the transmission lines. It also 
follows that a line of any shape can 
be either calculated from a map or 
measured very simply with an ohm- 
meter and resistance paper as 
described on page 492 of Electromag¬ 
netics by J. D. Kraus and K. R. 
Carver (McGraw-Hill, New York, 
1973). 

John Kraus, W8JK 
Director, The Ohio State 
University Radio Observatory 


Z = 37 pl - ohms (1) 

V E r w+ h 

where Z = stripline impedance 
(ohms) 

h = height of stripline 
w - width of stripline 
(in same units as h) 

E r - relative permittivity of 
dielectric 

The number 376.7 ohms (per 
square) is the intrinsic impedance of 
free space which by coincidence is 
nearly equal to 120ir. 

if there were no fringing of the 
electric field at the edges of the 
stripline the characteristic impedance 
of the line would be given exactly by 

Z = J&dr. A ohms (2) 
\j E r w 

In eq. 1 the w + h in the denom¬ 
inator takes account of the fringing 
effect by considering that the stripline 
is effectively wider than its actual 
width w by the amount of the height 
h. As the ratio of the width to height 
becomes larger, the effect of the 
fringing becomes less significant and 
for a very wide stripline its character¬ 
istic impedance would approach that 
of eq. 2. 


bandspreading 

techniques 

Dear HR: 

I read with interest Mr. Leonard 
Anderson's excellent article on band¬ 
spreading techniques in February, 
1977, ham radio . I would like to pro¬ 
pose an alternate to his standard 
capacitor. By using a 3-wire guarded 
circuit, as shown in fig. 1, the cable 


,- 1 

I ! 



METAL ENCLOSURE 


length will not cause the standard to 
read in error. This is due to the shield 
of the coax acting as a shield be¬ 
tween the two leads from the capa¬ 
citor. This method is used quite fre¬ 
quently by GenRad and other com¬ 
panies when measuring very accurate 
capacitance values. The main dis¬ 
advantage of the guard circuit is that 
the capacitor must be isolated from 
ground. 

Robert Heider, W0EJO 
Glendale, Missouri 


antenna 
noise bridges 

Dear HR: 

I found the recent article on RX 
noise bridge measurements very in¬ 
teresting. As the developer of the 
original antenna noise bridge I would 
like to point out that two basic 
models were developed. The TE701 
used a similar output circuit to the 
one shown in the article and worked 
well to over 100 MHz. The Model 
TE702 used a variation and worked to 
over 250 MHz. The bridge circuit was 
as follows: 







RECEIVER 


$51 OHM 
f REFERENCE 




7h 


UNKNOWN 



Note that the transformer does not 
need to be accurately center tapped 
and that it can be bifilar wound. Also, 
with a 100-ohm variable pot the cali¬ 
bration range is zero to infinity. To 
make a reactance bridge, place a 
fixed capacitor across the unknown 
terminal and a variable capacitor 
across the reference resistor. With 
less effort a lot more accuracy is 
available with this network over a 
wider frequency range. 

Ted Hart, W5QJR* 

Richardson, Texas 

*W5QJR is the inventor of the Antenna Noise 
Bridge, and holds the patent on this very useful 
device. Readers who are interested can obtain 
copies of the patent (number 3,531,717, dated 
September 29, 1970) for 50 cents from the 
Commissioner of Patents, Washington, DC 
20231. Editor 


{Continued on page 82.) 
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CB'S THREAT TO 220 MHZ is far from dead, as indicated by an in-depth study just pub¬ 
lished by the FCC. "Alternatives for Future Personal Radio Services" is a two-volume 
set produced by the Commission's Office of Plans and Policy following a 20-month study 
by the Personal Radio Planning Group. After weighing all possible factors, the study 
concludes that 220-225 and the 900-MHz land mobile reserve bands are the best spots for 
a new CB service, and economics, performance, timing, and possible medical considerations 
all lean toward 220 MHz. 

One Factor That Shouldn't be overlooked is that this study was done when Carlos Roberts 
headed the Office of Plans and Policy — and he's now head of the Safety and Special Ser¬ 
vices Bureau which includes Personal Radio Services (Amateur Radio and CB) among its 
Divisions. 

THE FCC'S BAN ON 10-METER LINEARS was upheld in June by the Commissioners by a 5-1 
vote despite a significant shift Tn FCC staff support. This time the Safety and Special 
Services Bureau joined the Chief Engineer's office in opposing the ban on legitimate 
Amateur linears, but the Field Bureau stated they found the ban to be very effective and 
the Commissioners went along, 

AMATEUR RADIO WASN'T involved in FCC's discussion of interconnects (Docket 20846) in 
JuneT butthetoneofthe meeting was that commercial systems resembling Amateur autopatch 
repeaters were "dangerously close" to being common carriers and would be undergoing care¬ 
ful scrutiny in the near future. The implications for Amateur Radio are far from clear 
at this time, but Amateur repeater users and operators alike would be wise to be very care¬ 
ful in the operation of their systems. 

AMATEURS REQUESTING CALLSIGNS not currently available (1x2s for Extras or "counterpart" 
1x3s For oldtimers switching call areas, for example) may find themselves stuck with a new 
callsign they really didn't want. So many Amateurs have been making improper requests 
that it's caused a serious backlog, about 8500 at last count. So, in the future, such ap¬ 
plicants won't be asked whether they want one of the new callsigns, instead of what they’d 
requested, but will simply be issued one. 

Amateurs Who Upgrade must request a callsign change in the FCC Field Office at the time 
of the exam — laterrequests for a new callsign (except by Extras) will be returned with¬ 
out action. 

FCC'S EX PARTE COMMUNICATIONS rules, which severely limit Commission people's ability 
to discuss pending” Notices o£ Proposed Rule Making, is now the subject of a Notice of 
Inquiry (General Docket 78-167). Until it acts on that NOI, the Commission has adopted 
an interim policy requiring outsiders planning to discuss a pending issue with the Com¬ 
mission to submit beforehand a memo for the record describing what they plan to discuss 
(according to current interpretations, the limitations on informal discussions do not 
apply to Petitions for Rule Making or Notices of Inquiry). 

Comments On The NOI are due August 9, and Reply Comments by August 23. 

" MEDIUM BANDWIDTH" ATV on 10 meters has been okayed by the FCC for a two-year test 
period starting June 16. The five stations receiving the Special Temporary Authority 
will be permitted the use of A5 or F5 with a maximum bandwidth of 35 kHz from 29.0 to 
29.3 MHz. The five involved are W9NTP, W3EFG, W0LMD, W6MXV, and WB9LVI — the STA was 
in response to a request from the ARRL. 

THE PROPOSED REVISION OF THE 1934 Communications Act unveiled in June held no sur¬ 
prises for Amateur Radio, though it would abolish the FCC in favor of a "Communications 
Regulatory Commission" and delegate frequency allocation to the "National Telecommuni¬ 
cations Agency." The only obvious effect on Amateurs would be the increase in license 
terms to 10 years, and reintroduction of license fees. Passage of the revised act is a 
long way off, however. 

ALIEN AMATEURS SEEKING permission to operate in the United States should now send their 
Form _ 6l0-A applications direct to Gettysburg (FCC, Box 1020, Gettysburg, Pennsylvania 
17325) instead of to Washington as in the past. Part 97.305 (b) of the Rules has just been 
revised to permit the change, which accelerates processing. 

420-450 MHZ BAND USERS may be in for severe interference problems when the Air Force's 
"PAVE PAWS” radar goes into operation in the next year or so. The very-long-range system 
has an average ERP of about a billion watts, and one estimate says that when it's aimed at 
the moon the reflected signal would illuminate an entire hemisphere of the earth with a 
10-20 microvolt signal. The main beam could also burn up a receiver front end 15 km away. 

First Operational Site for PAVE PAWS is Cape Cod (Massachusetts) and a second installa- 
tion is slated forBeale Air Force Base in California, PAVE PAWS has the potential for 
doing real damage to the Amateur satellite program as well as other weak-signal work on 
the 70 cm band. Both AMSAT and the ARRL are carefully studying the problem. 
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10-GHz transceiver 


for amateur 
microwave 
communications 

Construction 
of a complete 10-GHz 
Gunnplexer transceiver 
with 30-MHz i-f and 
automatic 
frequency control 

A little over a year ago Microwave Associates in¬ 
troduced a new component for amateurs which 
greatly simplifies the construction of a 10-GHz trans¬ 
ceiver for operators who are interested in microwave 
communications but don't have experience with 


This article was translated from German by Konrad Benz, 
Microwave Associates, inc., Burlington, Massachusetts01803 


microwave construction techniques. Without special 
knowledge or an extensive test setup amateurs can 
now use a Microwave Associates MA-87127 Gunn¬ 
plexer to operate on the 3 cm (10 GHz) amateur 
band. No special mechanical work is required. The 
Gunnplexer is a complete transceiver which consists 
of a varactor-tuned Gunn diode rf source, a ferrite 
circulator which decouples the transmit and receive 
functions, and a Schottky mixer diode for the 
receiver signal. 1 A diagram of the basic Gunnplexer 
system is shown in fig. 1; a block diagram of the 
complete transceiver is shown in fig. 2. 

The Gunn diode oscillator requires a regulated 10 
Vdc source which is capable of supplying 200 mA. 
The rf output power is approximately 20 mW;* a 17 
dB gain horn antenna is available from Microwave 
Associates. The frequency of the Gunn diode can be 
tuned with the built-in varactor diode over a frequen¬ 
cy range of 60 MHz minimum (100 MHz typical). The 
required varactor bias is +1 volt to +20 volts and 
should be controlled by a good quality multi-turn po¬ 
tentiometer. 

The Gunnplexer can be easily frequency modulat¬ 
ed with a small modulating voltage (mV range) which 
is superimposed on the varactor's dc bias supply. 
Since a very small modulating voltage is required, the 

•Three models are available: the 15-mW MA-87127-1, the 25-mW MA- 
87127-2, arid the 40-mW MA-87127-3. Units are stocked by Glen White- 
house, Newbury Drive, Amherst, New Hampshire 03031, and in Europe by 
Microwave Associates, Munich. 


By Klaus H. Hirschelmann, DJ700, Reger 
Strasse 4, 6500 Mainz 31, West Germany 
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amplification factor of a single-transistor microphone 
amplifier is sufficient. 

i-f amplifier 

To complete the 10-GHz transceiver, an i-f ampli¬ 
fier is required. Because the antenna and Gunnplexer 
and its antennas are normally physically separated 
from the operating position (for roof or tower mount¬ 
ing), an i-f amplifier with a low noise figure should be 
connected directly to the Gunnplexer's mixer diode. 
A noise figure of 1.5 dB or less and a good imped¬ 
ance match (Z-200 ohms at 30 MHz) is requried to 
obtain an overall system noise figure of 12 dB or bet¬ 
ter. With careful design, a system noise figure of less 
than 10 dB can be achieved. 

The coaxial connection between the i-f preampli¬ 
fier and the post amplifier/receiver at the operating 
position is not critical; a proven design is presented 
later in this article. When considering the noise figure 
of a Gunnplexer system it's important to remember 
that the receiver has no preselection so the two 
receiver sidebands (carrier plus and minus the i-f) 
contribute equally to the overall noise figure. 

Standardization of a single i-f system is essential 
for the operation of a 10-GHz system among a large 
group of amateur microwave enthusiasts. A 100- 



Conatructfon of the 30-MHz receiver designed by DJ700. At 
the bottom left is the mosfet input stage, followed by the 
40.7 MHz local oscillator and mixer, TDA1047 fm i-f strip, 
end TAA611 audio power amplifier. The two potentiometers 
are for squelch and audio gain. 



AND AT SOMHtl 

MODULATION 
•I TO *20 VOLTS 


fig. 1. Basic Gunnplexer system showing the varactor-tuned 
Gunn-diode oscillator, ferrite circulator, and Schottky mixer 
diode. A portion of the rf power from the oscillator is 
coupled to the mixer through the circulator. The i-f output 
impedance at 30 MHz is 200 ohms; a 4:1 transformer is re¬ 
quired to provide a good match to 50 ohms (see fig. 2). 

MHz i-f has been recommended by several German 
amateurs,2 but this is useful only if communications 
between two fixed stations is all that you want. The 
result is a full duplex system without transmit-receive 
switching where the Gunn oscillator operates simul¬ 
taneously as a receiver local oscillator and frequency- 
modulated transmitter. Each partner operates at a 
different frequency, which results in the intermediate 
frequency as shown in fig. 3. 

In most cases, however, amateurs want to contact 
as many other 10-GHz stations as possible. This re¬ 
quires that each station must be able to transmit and 
receive on either frequency. Since the varactor diode 
provides a maximum frequency tuning range of only 
60 MHz, the use of a 100-MHz i-f would require me¬ 
chanical tuning of the Gunn oscillator. Mechanical 
tuning of the Gunnplexer provides a tuning range of 
± 100 MHz minimum, but this would unduly compli¬ 
cate a two-way communications set-up. By choosing 
a 30-MHz i-f, however, you can switch frequencies 
with a simple voltage change on the varactor diode. 

In the Rhein-Main area in West Germany various 
Gunnplexers are operated at 10350 MHz (transmit) 
with + 4 volts of varactor bias; with +10 volts on the 
varactor the transmit frequency is 30 MHz higher at 
10380 MHz. If an operator knows whether the other 
station is using the lower (10350 MHz) or higher 
(10380 MHz) frequency, it is only necessary to tune 
the receiver over a small range of frequencies. 

The instability of the self-oscillating Gunn diode re¬ 
quires wideband frequency modulation; a transmit 
bandwidth of 75 kHz and an i-f bandwidth of 200 kHz 
gives satisfactory results. 
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fig. 3. Duplex operation of the 10- 
GHz Gunnplexer system, showing 
the oscillator frequencies for 100- 
MHz and 30-MHz intermediate fre¬ 
quencies. As discussed in the text, 
a 30-MHz i-f is preferred because 
of the 60-MHz tuning range provid¬ 
ed by the varactor; the use of a 
100-MHz i-f would require 
mechanical tuning of the Gunn¬ 
plexer. 


F | = 10580 MHz 
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i-f post-amplifier 

The 30-MHz i-f post-amplifier and receiver shown 
in fig. 4 was developed by the Zweite Deutsches 
Fernsehen amateur group. More than fifty of 
these receivers have been built and used on the air, 
and all operate well.* 

The first 30-MHz amplifier stage uses a dual-gate 
BF900 MOSFET transistor (similar to the RCA 40673). 
The self-oscillating mixer is based on a Siemens 
S042P 1C and translates the 30-MHz input signal 
down to the 10.7-MHz i-f. The parallel tuned circuit 

*Kits to build your own 30-MHz post-amplifier are available from Elektronik 
Laden, Wilhelm-Melfies-Strasse 88, D4930 Detmold 18, West Germany; the 
price is89 DM {$45) postpaid. 


(L1-C1) resonates at 40.7 MHz, the frequency of the 
third-overtone crystal. Without inductor LI in the cir¬ 
cuit the oscillator has a tendency to run at the crys¬ 
tal's fundamental at approximately 13.56 MHz; this 
can result in unwanted modulation products 
{13.56+ 10. 7=24.26 MHz). 

The Murata SFW10.7MA ceramic filter determines 
the i-f response characteristics of the receiver; the 3 
dB bandwidth is 220 ±40 kHz. The Siemens TDA1047 
1C, which was developed for fm broadcast radios, is 
used as an amplifier and fm demodulator; it has ex¬ 
cellent limiter capabilities and includes a built-in 
squelch circuit — its symmetry guarantees trouble- 
free operation. 

An S-meter is connected to pin 14 of the TDA1047 


r 


REMOTE 

INSTALLATION 



*1 TO *20 V 


f 


f 


D * 12 V 412V 


TUNING 

SQUELCH S-METER METER 

© ©* 


MIXER 

OSCILLATOR 


fig. 2. Block diagram of the complete 
10-GHz Gunnplexer transceiver 
described by DJ700. In Germany 
these transceivers have been used to 
provide reliable communications up 
to 180 km (108 miles) or more. The 4:1 
transformer consists of 18 turns 
slightly twisted no. 28 (0.3 mm) wire 
on an Amidon T50-6 toroid core: 
remove the protective diode installed 
across the mixer output before con¬ 
necting the transformer. 


<1 
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LI 15 turns no. 28 AWG (0.3mm) unsupported, closewound T2 Primary, 18 turns; secondary, 5 turns 

on 4 mm (5/32 inch) diameter mandrel T3 Primary, 18 turns; secondary, 5 turns 

T1 Primary, 3 turns; secondary, 18 turns T4 8 turns 

All transformers wound with no. 32 AWG (0.2mm) wire on Vogt D41 -2520 forms. 

fig. 4. Schematic diagram of a broadband 30-MHz i-f post-amplifier/receiver which features a MOSFET input stage, S042P self- 
oscillating mixer, 10.7-MHz ceramic filter, TDA1047 amplifier/demodulator, andTAASII audio power amplifier. The complete receiver 
is built into a package measuring 14.7 cm long, 7.4 cm deep, and 2.9 cm high (5.8 x 2.9 x 1.1 inches). A kit is available. 










Layout of DJ3KM's 10-GHz Gunnplexer system, as set up for 
display at a German club meeting. The 30-MHz receiver is 
mounted on the front panel, under the speaker; the avc cir¬ 
cuitry is built on a small board mounted next to the Gunn* 
plexer. An ac power supply for the system is in the right 
foreground (photo by DB3PR). 

amplifier/demodulator. This is a big help when align¬ 
ing antennas for maximum received signal. The in¬ 
herent noise of theTDA1047 produces a small current 
through the S-meter which can be nulled out by 
adjustment of the 4700-ohm ZERO ADJUST potenti¬ 
ometer. The output at pin 5 of the TDA1047 is a fre¬ 
quency-dependent dc voltage which can be con¬ 
nected to a carrier meter and/or an AFC circuit for 
the Gunnplexer (fig. 5). The Fairchild SGS 
TAA61 f B12 (or Texas Instruments 76001) serves as an 
audio power amplifier. 

The frequency stability of the Gunnplexer is impor¬ 
tant for successful two-way communication; the 


manufacturer specifies a drift of - 350 kHz per °C 
maximum. When the Gunnplexer is first turned on, 
the oscillator will drift a few MHz as the Gunn diode 
warms up, so the 220-kHz i-f bandwidth requires 
continuous tuning of the oscillator. The Gunnplexer 
also continues to drift slightly after the initial warm¬ 
up period. A simple solution to this problem is to 
compensate for the drift of the free-running oscillator 
by changing the operating frequency of the station at 
the other end of the link. 

The AFC circuit shown in fig, 5 uses the 
frequency-dependent voltage available from the i-f 
post-amplifier, as discussed previously. During two- 
way communications only one operator has his AFC 
circuit switched on; the Gunnplexer at the other end 
of the link is allowed to run free. A three-position 
switch is used because the frequency change might 
be up or down (center position is AFC OFF). The 
coupling between the AFC circuit and the Gunn¬ 
plexer determines the system's holding range. 

performance 

The successful operation of various 10-GHz ama¬ 
teur stations in the Rhein-Main area, operating with 
the equipment described here, has proved the sys¬ 
tem's feasibility and reliability. The use of 17-dB horn 
antennas at both ends of the link allows communica¬ 
tions up to 60 km (35 miles) or more. The 3-dB 
beamwidth of the horn antenna is approximately 30 
degrees, so antenna alignment is not particularly 
critical. 

Some stations are using home-built 23 dB horn 
antennas or 2 meter (6 foot) parabolic reflectors, so 
there have been many 10-GHz contacts in the range 





fig. 5. AFC voltage (or the 10-GHz Gunnplexer transceiver is derived from the frequency-dependent voltage available from 
the 30-MHz receiver (fig. 4). The value of resistor R1 (approximately 330 ohms) must be determined experimentally so that 1 
volt is measured atTPI. 
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GSL card used by DJ3KM showing his 10-GHz Gunnplexer and 30-MHz i-f receiver. 


of 100 to 200 kilometers (60-120 miles). Since a pair 
of Gunnplexers with these high-gain antennas has a 
calculated systems range of at least 400 km (240 
miles), we could work over distances greater than 
200 kilometers (120 miles) if we could find a non- 
obstructed path that long. 

When setting up the Gunnplexers it's helpful to 
have a secondary link on 144 or 432 MHz, but many 
contacts have been achieved without it. The opera¬ 
tion of a microwave transceiver with the aid of a map 


MJ2955 



A +10 volt regulated power supply recommended for use 
with the 10 GHz Gunnplexer transceiver. The BC107B tran¬ 
sistors may be replaced by any small-signal NPN silicon 
transistors such as the 2N4124. The MJ2955 may be replaced 
by a 2N3789 or similar 10 amp PNP device. 


and compass is a new challenge and hobby for many 
amateurs in Germany. 

Activity on 10 GHz in Europe has now reached the 
point that a 10-GHz bandplan has been approved by 
amateur groups in Germany, Holland, and Switzer¬ 
land. In addition to providing space for communica¬ 
tions between individual amateurs, the bandplan 
accommodates beacons, repeaters, and narrowband 
modes (CW, RTTY, SSTV, and single sideband). 

Trial runs with higher gain antennas, narrower i-f 
bandwidths, and phase-locked loop circuitry for 
frequency stability are presently going on (reference 
3, which describes a phase-locked Gunnplexer 
system devised by WA6EXV, is available from 
Microwave Associates). 

I would especially like to thank DJ6RW, DJ3KM, 
DK2DRX, DJ8QL, and DJ8CY for their help in the 
construction and planning of this equipment. 
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frequency-lock loop 


Oscillator stability 
can be improved 
by applying 
this simple 
but effective 
frequency-lock loop 

One of the main considerations in the design of 
radio communications systems is frequency stability. 
The objectives in the amateur radio service, how¬ 
ever, are often quite different from those of other hf 
services. Amateurs have band allocations, while 
most other users have spot frequencies to work on, 
and consequently the vfo is usually our preferred pri¬ 
mary frequency source. There are three basic fre¬ 
quency generation techniques in common use at the 
present time. The vfo is the oldest, offering simplicity 
and the very real asset of continuous tuning, but it is 
difficult to achieve high stability, especially in the 
long term. The crystal-controlled oscillator is also 
simple and very stable, but offers little flexibility, 
although such variations as the vxo and the "Rock- 
Mixer" have offered some help in this direction. 
Finally, there is the synthesizer, based on the phase- 
locked loop. At the expense of some complexity, this 
method offers excellent stability and can be very flex¬ 
ible. However, it is inherently a noncontinuously- 
tuned device, and, therefore, not as well suited to 
amateur applications — especially on the hf bands. 

The vfo, in all respects except stability, offers what 
we need. It seems a pity to throw away all the results 
of the continuing development which have made the 
vfo as good a piece of equipment as it is, and start all 


over again with the synthesizer. On the other hand, 
the approach I have taken with the frequency-lock 
loop (FLL) takes advantage of the positive points of 
the vfo and adds to it the stability of the crystal oscil¬ 
lator. Moreover, you can readily add an FLL as an 
outboard unit to an existing vfo without major modi¬ 
fication to your equipment. 

basic principles 

If you have a good frequency counter with a read¬ 
out down to 1 Hz, you can, by manual tuning adjust¬ 
ments made suitably often, keep the vfo on the 
required frequency indefinitely. The stability in the 
medium to long term is that of the counter's clock. 
The function of the FLL is to automate this operation. 

The frequency-lock loop consists of a simplified 
counter with a crystal derived clock, an error detec¬ 
tor and latch circuit, a filter section, and a controlled 
reactance to compensate for drift in the vfo tank cir¬ 
cuit. The error detector may be compared with the 
operator's recognition of a significant change in fre¬ 
quency, the filter his decision on the magnitude of 
the correction, and the controlled reactance the ac¬ 
tion of his hand on the vfo tuning knob. 

counter 

The purpose of the counter in the FLL system is 
not to display frequency, but to control it. And, as 
there is no reason to operate in the decimal or BCD 
modes, the simple binary counter is used. Comparing 
the FLL with the manual control, it should be obvious 
that there is no need to consider the most significant 
digits of the count. It is hoped that the vfo will not 
drift so much that the tens and hundreds of kHz 
would ever change, and surely not the MHz! So, for 
compensation of drift instabilities, only a small por¬ 
tion of a counter is required, and that can be in binary 
form. 

The gate period is also of fundamental importance. 

By Crawford MacKeand, WA3ZKZ, 115 
South Spring Valley Road, Greenville, Delaware 
19807 
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fig. 1. Partial schematic diagram of the basic frequency lock loop circuit. At this point, interpolation within the 256 cycle groups 
has not been taken into account. 


I originally decided on an updating frequency, based 
on my feelings for drift rate, of once every 3 seconds, 
(clock 4.2 Hz), arguing that no significant drift would 
occur in a gate period of 2.8 seconds. Although this 
is true, I have changed to a higher clocking frequen¬ 
cy of about 420 Hz and a gate of 28 mS. The longer 
period works fine, but the device takes so long to 
decide what to do next that the user rapidly loses 
patience with it. 


SET 

LATCH 


RESET 

COUNTERS 
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IE CLOCK 
BITS 
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fig. 2. Timing cycle of the basic FLL system. 


The counter gate logic is a modification of that 
presented by MacLeishJ The crystal oscillator and 
dividers can be any arrangement that supplies the 
correct clock frequency, provided that it has the re¬ 
quisite stability. The counter preamplifier is also a 
standard circuit for sampling the output of the con¬ 
trolled oscillator. 2 


one point of the 256 is available without any compar¬ 
ator at all: when the final stage of the 8-bit counter 
makes a transition, either 1 to 0 or 0 to 1. This means 
that during the period the gate was open some multi¬ 
ple of 128 cycles of the input frequency has been 
counted (256 cycles if you are only looking at the 1 to 
0 transition). Therefore, withoutany further circuitry, 
the basic FLL shown in fig. 1 would indicate when¬ 
ever the input frequency would satisfy these condi¬ 
tions. Assuming that we consider only 1 to 0 transi¬ 
tions, two successive frequency groups are related by: 




ID 


where 

k = counter total 

f t = clock frequency in Hz 

To complete the error detector, I used a latch to 
hold the output from one count to the next. The out¬ 
put of the latch is a TTL signal; one state indicates 
that the input frequency is too high and the other 
state indicates that the input frequency is too low. 


filter 

If the latch output were applied directly to the con¬ 
trolled reactance, the output frequency of the vfo 
would constantly be pulled one way and then the 


error detector and latch 

At the end of each count period the counter will be 
in a state which is dependent on the frequency of the 
controlled oscillator. If the frequency does not vary, 
neither will the counter's state at that instant. I initial¬ 
ly felt that I would need to devise a circuit which 
would provide an output indicating whether the con¬ 
trolled oscillator was too high or too low in frequen¬ 
cy. The obvious way to do this was by the use of a 
binary logic comparator such as the 7485. However, 
this would entail the use of switched inputs to cover 
all the 256 possible states of the counter. Of course, 
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fig. 3. Timing cycle of the frequency lock loop system with 
interpolation. The 74127 is used to shorten the count period, 
permitting resolution within a 256 cycle group. 
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TIME-MINUTES CONTROL VOLTAGE 


fig, 5. Oscillator drift with, and without, the frequency lock loop system. The range of the correction voltage is 
shown at the right. 



other. However, the mean frequency would be cor¬ 
rect. Intuitively, it seems that some smoothing is 
required. The FLL is very similar to a "bang-bang" 
servo, and can be readily stabilized by a first order fil¬ 
ter or integrator composed of a single RC stage. The 
optimum filter is probably worth some investigation; 
nonlinear circuitry may also offer some advantages (a 
possible approach is described in reference 5). 

The filter time constant tf should be long enough 


to reduce the fm on the vfo to an acceptable amount, 
and yet not so long as to make the balancing time ex¬ 
cessive. My experiments in this area seem to indi¬ 
cate that somewhere in the region of 50 to 100 sec¬ 
onds is a good starting point. 

voltage-controlled reactance 

The obvious choice for the controlled tuning reac¬ 
tance is a voltage-variable capacitor diode (varactor 
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fig. 6. Circuit board layout for the frequency lock loop. Shown above is the back side 
of the board, with most of the interconnecting wiring; drawing on next page shows 
the top side of the board and the parts placement diagram. Although not included in 
fig. 5, this board contains an additional 7490 which is one of the input dividers from 
the oscillator. Also not shown in fig. 5 are the numerous 0.1-^F bypass capacitors in¬ 
cluded on the board. 


or varicap). Its application is dependent on the 
design of the vfo which is to be stabilized. The filter 
output has a useful range of about + 1.5 to 3.5 V dc, 
although it would be a simple matter to include an op 
amp if a greater swing were required. The varicap 
should be connected to the oscillator tank so that it 
produces, with this voltage range, a frequency varia¬ 
tion greater than the drift which is to be corrected. 

In my Hammarlund HG215 receiver I have been 
able to stabilize the high-frequency oscillator by 
coupling into a diode frequency shifter, which is pro¬ 
vided for resetting the calibration when changing 
modes from USB to CW to LSB. Many transceivers 
have RIT circuits which provide similar access to the 
oscillator tank, while most transmitters and vfos can 
easily be modified as if you were providing for FSK 
operation. 


interpolation 

The basic FLL of fig. 1 will stabilize a vfo at dis¬ 
crete fixed frequencies, based on a fixed count peri¬ 
od determined by the counter clock. The first 
method of interpolation I considered was that of 
varying the clock-oscillator frequency, using a vxo as 
the clock oscillator. With this arrangement I 
found that 

Af a /f a = Af x /f x (2) 

where 

f a is the basic clock oscillator frequency 
Af a is the change produced by pulling the 
vxo 

Af x is the resulting change 
f x is the controlled frequency 
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This places another constraint on the design, in 
that Af x must be at least as large as f n - f n _ h the dif¬ 
ference between successive discrete stabilizing fre¬ 
quencies. But A f a is limited by the design of the vxo. 
Because of this factor, and also the decreased stabili¬ 
ty of a vxo compared with a regular crystal oscillator, 
this method was set aside for future con¬ 
sideration in favor of an alternative which permitted 
the use of a fixed-clock frequency. 

The basic timing cycle is shown in fig. 2. It should 
be obvious that if the total counting period could be 
varied, by at least the time required to count one 
group of 256 cycles, then the problem of interpola¬ 
tion would be solved. A non-retriggerable one-shot 
multivibrator is used to create a noncounting period. 

The new timing diagram incorporating the interpo¬ 
lating one-shot is shown in fig. 3; the schematic dia¬ 
gram shown in fig, 4. 

operation 

The lock switch, SI, is initially set to FREE. In this 
position the oscillator will be at its nominal calibrated 
frequency, because R1 and R2 have forced the tun¬ 


ing voltage to its center value. The LED indicator will 
show the latch's output state. As the oscillator is 
tuned across its operating range, the LED will cycle 
on and off every time the frequency changes by 

fn ~~fn - 1 • 

If we now choose an operating frequency, the 
interpolation control is adjusted until the LED flickers, 
showing that the FLL is ready to lock. The lock point 
may be either at a 1 to 0 or a 0 to 1 transition as the 
freqency increases. At this point SI is moved to 
either LOCK A or LOCK B. You will know if you've 
selected the wrong one because the oscillator will 
rapidly drive off frequency. Initially it is useful to 
establish a rule such as: clockwise rotation of pot, 
lights the LED, SI to LOCK A. After this is estab¬ 
lished, when you select Si, you're on frequency to 
stay. Minor frequency adjustments can be made with 
the potentiometer. 

A steady flashing of the LED is a good indication of 
continuing operation. Meter Ml is valuable in the 
lock mode to show how far you have drifted and how 
much corrective capacity you have left. While in the 
FREE position, it can be used to show which lock 
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Larsen... 

the antenna 

in town 
gives you the 

performance! 


Since the first Larsen Antenna was introduced some 
15 years ago, this basic fact has not changed: 

Larsen Mobile Antennas are designed and built 
to outperform. 

With the introduction of the Larsen exclusive Kulrod 
whip, this superior performance is a fact more 
than ever. 

We’re not going to confuse you with details on 
metallurgy, radiation resistance, plating systems and 
all that. Instead we suggest that you make this 
simple test: 

Take any antenna other than a Larsen T .. one with a 
regular unplated 17-7 PH stainless steel {.100/.050) 
tapered whip. Apply a good husky signal to it... 100 
watts, for, say, a full minute. Then, power off, feel 
the antenna. Careful! Bum blisters aren’l pleasant. 

Next... try a Larsen Kulrod Antenna. Put it to the 
same test. 


Amazing isn’t it! 

That’s our story. Heat means power... power that isn't 
radiated ... power you shouldn't throw away. With the 
Larsen Kulrod, power goes into communicating 
instead of heating the antenna. That’s why you can 
HEAR the difference. 


Larsen Antennas are available to fit all styles of 
mounts and to cover Amateur frequencies from 6 
meters through 450 MHz. Write for complete catalog 
and list of dealers nearest you. 



rsen Antennas 



11611 N.E. 50th Ave. 
P.O.Box 1686 
Vancouver, WA 98663 
Phone: 206/573*2722 

In Canada write to: 
Canadian Larsen 
Eleclrontcs, Ltd. 

1340 Clark Drive 
Vancouver. B.C. V5L 3K9 
Phone: 604/254-4936 


Kulrod Isa Registered 
Trademark ol Larsen 
Electronics, Inc. 


position to use and also which way to move the inter¬ 
polation pot. 

performance 

In this system almost all of the stability is derived 
from the crystalclock, with the remainder determined 
by the RC product in the interpolator. Using the con¬ 
stants discussed, on 80 meters, this amounts to one 
group out of about 400. In other words, during the 
total gate period, about 400 groups of 256 cycles are 
passed, and therefore, only one four-hundredth of 
the period is dependent on the one-shot's stability. If 
this is as good as 0.1 per cent, the overall stability is 
close to one part in 400 000. There is, however, an 
interesting series of trade-offs between the various 
constants and values selected. A short-gate period 
makes the job of the filter easier and reduces the fm 
effect caused by ripple on the control voltage. A 
long-gate period, on the other hand, makes the unit 
difficult to use, but reduces the dependence of the 
overall stability on the one-shot. Having decided on 
the gate period, the frequency difference f n - , is 

a function of the total count k . If /«“/«-/ is too 
small, jumping from one stable point to another 
could presumably occur. 

There are a number of points which can be further 
refined if greater stability were required, but I have 
found, for instance, that the present design has 
made it possible to operate unattended on 3600 kHz 
RTTY autostart, where a stability of ±10 Hz is 
desired. My actual achieved stability, as shown in 
fig. 5, is closer to ± 5 Hz, which seems to indicate lit¬ 
tle drift in the one-shot. 

conclusion 

The frequency-lock loop provides a simple and 
effective way of improving the stability of a vfo, 
effectively competing with a crystal oscillator. Equip¬ 
ment modifications are minimal and can be largely 
outboard. The components of the FLL itself are all 
TTL, readily available and inexpensive, while the con¬ 
trol system is easy to use and has no tricky compo¬ 
nents or adjustments. Construction follows normal 
TTL practice and the simple double-sided layout 
shown in fig. 6 is suggested for the main board. 
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TVI locator 


Locating and correcting the source of TVI is per¬ 
haps one of the most difficult tasks facing a radio 
amateur, one which must be performed methodically 
if satsifactory results are to be obtained. Much has 
been learned and written about transmitter harmonic 
radiation and TV receiver overload, but often very lit¬ 
tle is said about another prevalent and frustrating 
source of TV trouble, nonlinear rectification TVI. 

Rectification TVI is caused by poor or intermittent 
contact between two conductors in the radiation 
field of a transmitting antenna. No amount of filter¬ 
ing or shielding at either the transmitter or TV set will 
correct the problem, since the interference is gener¬ 
ated in the TV spectrum as direct harmonics of the 
transmitter's fundamental frequency. 

In January, 1953, a fine article by Mack Seybold, 
W2RYI, was published in QST, 1 but I have seen 
nothing of a concrete nature on this particular prob¬ 
lem since that time. 

how do I know I have it 

Rectification TVI can be suspected when suddenly 
there is TVI on one or more channels where there was 
none before, and no changes have been made in 
transmitter operation. Any metallic discontinuity can 
cause rectification TVI. In 1947, when I was living in a 
small town and in the days before the blessings of 
TV, my next-door neighbor said he heard voices 
coming from his bathtub drain. Another neighbor 
heard voices coming from her electric kitchen range. 
Both voices were caused by detection of my 75- 
meter a-m kilowatt rig. These two phenomena, no 
doubt, were caused by rectification. 

The strength of the TVI will depend on the efficien¬ 
cy of the rectifier, the length of the "antenna" con¬ 


nected to the nonlinearity, the distance from the 
transmitting antenna, and the transmitter output 
power. Two signals on widely separated frequencies 
can also combine to produce a signal at a third fre¬ 
quency — the faithful 2A±B, or intermodulation 
products. For example, if two hams live near each 
other, and one is on 21 MHz and the other on 28 
MHz, interference can be caused on channel 4 
(2x21 + 28 = 70 MHz) or channel 5 (2x28 + 21 = 77 
MHz), or both, if a nonlinear discontinuity exists in 
the area. These two signals, of course, will exist only 
when both stations are transmitting. Also, each sig¬ 
nal alone can cause TVI on channel 2 (28x2), channel 
3 (21x3), and channel 6 (28x3 and 21x4). 

Visible TVI can be caused by an interfering signal 
as weak as 40 dB below the video carrier, depending 
on the frequency of the interference. A 1000 fiV vid¬ 
eo signal, which is an adequate signal, can be inter¬ 
fered with by a 10 /A/ harmonic. If the amateur trans¬ 
mitter is running one-kW input, this does not leave 
much margin for harmonic generation. 

All 14-MHz harmonics through the sixth can cause 
trouble, but the greatest problem is caused by the 
odd harmonics, the third and fifth. Table 1 shows 
the harmonic relationships of the 14, 21, and 28 MHz 
amateur bands with respect to the TV channels. The 
worst interference is caused at or near the video 
carrier, 1.25 MHz above the lower TV channel edge. 
With all stations using color, however, a particularly 
vicious interference is caused by a harmonic falling 
on or near the color subcarrier frequency, 4.8 MHz 
above the lower TV channel edge. 

By John E. Pitts, W6BD, 1068 Eden Bower 
Lane, Redwood City, California 94061 
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This effect was noted at W6BD on channel 4 when 
operating near 14.2 MHz. The interference appeared 
as wide diagonal color (rainbow type) bars on the 
screen. The fifth harmonic of the fundamental fell 
within 200 kHz of the color subcarrier at 70.8 MHz. 
Operation in the CW portion below 14.1 MHz caused 
no interference. Substitution measurements with a 
calibrated signal generator showed that color bars 
were caused by an interfering signal at 71.0 MHz 
with a signal strength of less than 300 jiV. The 
desired channel 4 signal was 1500 [iV . The cause was 
eventually traced to rectification TVI and was located 
by the methods presented here. 

the fix for the hex 

The harmonic chaser used in this hex-pedition (an 
expedition to find the hex) is simple to construct, 
easy to use, and will rapidly locate the source of the 
harmonic radiation. It is also, by today's standards at 
least, inexpensive. In this instance, the whole system 
was constructed and tested and the TVI source found 
in one weekend, so the work involved in the project 
is not great. 


table 1, Amateur-band harmonic relationships to low- 
frequency TV channels. All frequencies are in MHz. 

fundamental 


28 21 

14 

harmonic 

TV frequency 

TV channel 

harmonics 

frequency 

band 

number 

2 

4 

56 

54-60 

2 

3 


63 

60-66 

3 


5 

70 

66-72 

4 




76-82 

5 

3 4 

6 

84 

82-88 

6 


Since the harmonic strength will be a relative 
measurement, a narrow-band receiver, tuned to the 
harmonic frequency, will be used. The easiest ap¬ 
proach is to use a TV tuner whose i-f output is in an 
amateur band. This allows the selective station re¬ 
ceiver to become the i-f amplifier and detector. 

There are generally two types of tuners used for re¬ 
placement purposes, the turret type and the wafer 
type. Due to the coil arrangement of the wafer-type 
tuner, it is unsuited for this purpose because the tun¬ 
er's oscillator frequency must be changed. The most 
easily modified is the turret type, because the coils 



fig. 1. Schematic diagram of the Sarkes-Tarzian tuner and power supply. The coil marked CC is tuned for maximum signal into the 
receiver. You should not use more than about 60 cm (2 feet) of cable between the tuner and the receiver, otherwise the tuner may 
not cover the desired output frequency range. 
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for each channel are mounted on an easily removable 
bar. Present-day tuners have an I-f of 41.25 to 47.25 
MHz, out of the range of most ham receivers. The 
widest high-frequency amateur band is 28 to 29.7 
MHz. Therefore, the oscillator frequency needs to be 
lowered only about 10 to 12 MHz to produce an i-f 
output at 29.0 MHz. 

The tuner used is a replacement type, Sarkes- 
Tarzian MFT-1 preset replacement tuner (see fig. 
1). It is housed, with a small power supply, in an 
LMB 12.7 x 11.4 x 19.1 cm (5 x 4-1/2 x 7-1/2 inch) 
W-2F chassis cabinet. Except for the tuner and cabi¬ 
net, which cost about $27, all parts came from the 
junk box. Purchasing everything, and with a little 
horse trading and typical ham ingenuity, the entire 
cost should not exceed $40. 

construction 

The original cut-and-try coil modification was per¬ 
formed using a frequency counter. A counter is not 
absolutely necessary, but if one is available, the job is 
much easier. If not, a reasonably accurate grid-dip 
oscillator (GDO) can help set the tuner's oscillator to 
the required frequencies. The oscillator was tuned to 
the high side of the desired signal because it did not 
want to oscillate on the low side. Therefore, as 
shown in table 2, the 10-meter receiver tunes back¬ 
wards. 

The only coil to be rewound is in the oscillator, the 
coil with the fine-tuning screw slug. Remove the 
snap-off shield from the tuner chassis. The channels 
to be modified are 2 through 6, since 7 and above are 



Interior view of the tuner section. Loop-antenna input con¬ 
nector is at the left rear, i-f output jack to the receiver in the 
center, and audio from the receiver is at the extreme right. 
The 4:1 balun. to match the 75-ohm line to the 300-ohm in¬ 
put. can be seen just below the type-F connector. 


not normally subject to rectification TVl. Channel 5 
doesn't have to be modified, since no discrete ama¬ 
teur-band harmonic normally falls in this channel. 
Citizens band harmonics, however, do fall in 
channel 5. 

Rotate the shaft until the bar with the greatest 
number of coil turns (channels 2 through 6), starting 
with the bar adjacent to the uhf strip, can be pulled 
out with the long-nose pliers. The uhf strip has no 
oscillator coil. The bars are easily removable, but use 
caution, as they can be broken. Pull at the pressure- 
finger point, the end with the tuning screw. 

Remove all turns from the oscillator coil and clean 
the soldered portion of the contacts. Use care not to 
get solder on the switch contact portion of the termi¬ 
nals. Rewind the coils as shown in table 2; number 
28 (0.32mm) AWG or number 30 (0.25mm) AWG 
enameled wire can be used. Wind on the number of 
turns indicated for each channel, observing the 
same winding direction as used on the other coils 
on the bar. Wind the turns close-wound, starting at 
the slug end. If necessary, the turns can be spaced 
later for the proper frequency range. Unscrew the 
fine-tuning screw about five turns out from full in. 
This will provide adjustment range later for the oscil¬ 
lator. Screwing the slug into the coil raises the oscil¬ 
lator frequency, and therefore raises the intermediate 
frequency to which the receiver is tuned. After each 
coil is rewound, return the bar to its original position 
in the turret to prevent mixing their positions. 

Install and wire the power supply, jacks, and split¬ 
ting filter as shown in fig. 1. Jacks and power supply 
may be whatever you have on hand in the junk box. 
Plate voltage for the tuner may be anything between 
110 and 140 volts dc. The bias voltage is obtained 
from a rectifier on the 6-volt ac filament winding. The 
values shown for the resistors give a minimum of 
- 0.8 volt and a maximum of about - 4 volts. Normal 
operation is at full negative, but, if desired, the bias 
may be permanently set at -3 volts by selection of 
appropriate resistor values. 

Install the tuner in the cabinet, mounting it with 
screws and spacers to the panel. Three of the front 
holes (near the shaft) will conveniently accept a 6-32 
(M3.5) tap or a number 6 sheet-metal screw. For 
ease of fine-tuning adjustment, a piece of lucite 
[Plexiglas) — cut to 5.7 cm (2-1 /4 inches) in diameter 
by a circle cutter — forms a good control wheel, sim¬ 
ilar to the fine-tuning control on a TV set. The center 
hole is sized for a force fit on the fine-tuning shaft, 
which is 9.5 mm (3/8 inch) in diameter. Mark the 
plastic shaft and then cut it to length with a hacksaw, 
after which the fine-tuning wheel may be forced onto 
the shaft. 

Mark the length required on the selector shaft, cut 
it with a hacksaw, and smootfrwith a file. Rotate the 
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LOOP ANTENNA 


s “ 3? -FI 



BNC 

SPLITTING FILTER 


fig. 2. Diagram of the loop antenna and splitting 
filter. The filter is constructed in a small box, such 
as an LMB-MOO. The capacitor at the top of the 
loop is a 50-pF compression trimmer and is used to 
tune the loop to the desired frequency. 


shaft with pliers so the uhf strip is in its operating 
position, then mount a skirt-type knob with the indi¬ 
cator mark toward the bottom of the panel. Channel 
2 will be at the first position to the left of bottom as 
the turret knob is rotated clockwise. 

loop antenna 

The loop is constructed of two 25-cm (10-inch) 
lengths of number 10 (2.6 mm) AWG wire formed in¬ 
to a loop about 18.5 cm (7-1/4 inches) in diameter 


(see fig. 2). The base of the loop is fastened to the 
shell of an S0239 uhf jack, with screws and nuts 
holding two soldering lugs onto which the loop wires 
are soldered. 

A 50-pF trimmer is soldered to the wires at the top 
of the loop. A piece of number 12 (2 mm) AWG or 
number 14 (1.6 mm) AWG copper wire is soldered to 
the inner terminal of the S0239 jack, formed to the 
contour of the loop with 6- to 9-mm (1/4-to-3/8- 
inch) separation, and soldered to the loop 13 cm (5 
inches) up its circumference. 

Using appropriate connectors and a very small 
metal box, the splitting filter is constructed for the 
earphone or telephone connection at the base of the 
loop. When connecting the filter to the antenna, ob¬ 
serve the connections shown in the figure. If con¬ 
nected backwards, the loop will work, but no sound 
will be heard in the phones. 

tuning 

Connect the tuner and station receiver together as 
shown in fig. 3. Temporarily connect the harmonic- 
producing network (fig. 4) between the tuner and 
transmitter output. Place the tuner on channel 2; 
tune the receiver to 29 MHz and the transmitter to 
28.(XX) MHz or 14.000 MHz. Only very low output is 
necessary, just enough to make the diode conduct, 
producing harmonics. Turn the transmitter on, and 
also the receiver bfo. Very slowly, rotate the fine-tun¬ 
ing control until the transmitter harmonic at 56 MHz 
is heard. Verify this frequency by using the GDO as a 
signal generator. If no signal is heard, tune the re¬ 
ceiver between 28 and 30 MHz and adjust the fine- 
tuning control until the 56 MHz harmonic is received. 
Do not confuse the desired signal with the funda¬ 
mental or second harmonic of the transmitter output, 
bypassed around the tuner. Then jockey the receiver 
tuning and fine-tuning control on the tuner until the 
second harmonic of 28 MHz or the fourth harmonic 
of 14 MHz (56 MHz) is at 29 MHz on the receiver. 
Look up the signal frequencies for the various TV 
channel video and sound carriers in table 2, If chan¬ 
nel 2 exists in your area, it can easily be heard when 
an antenna is connected to the tuner input and the 


table 2. LO coil winding and i-f frequency output data for TV tuner modification. All frequencies are in MHz. 



LO coil 




receiver dial 


number 

LO 

TV video 

TV sound 

frequency 

channel 

of turns 

frequency 

receiver i-f 

receiver i-f 

31 30 29 28 27 26 25 

2 

16 

85 

55.25 

59.75 

54 55 56 57 58 59 60 




29.75 

25.25 


3 

14 

92 

61.25 

65.75 

61 62 63 64 65 66 67 




30.75 

26.25 


4 

14 

99 

67.25 

71.75 

68 69 70 71 72 73 74 




31.75 

27.75 


6 

11 

113 

83.25 

87.75 

82 83 84 85 86 87 88 




29.75 

25.25 
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receiver is tuned to the indicated i-f frequency. In my 
test set-up, a 3 jiV signal on any of the converted TV 
channels could easily be heard in the receiver. 

Repeat the tuning procedure for the other chan¬ 
nels and amateur bands according to the table. Note 
that the video or sound carrier can be used as check 
points if they're within the tuning range of the station 
receiver. I use my old Hammarlund HQ129X. The vid¬ 
eo carrier is a strong signal with 15.75 kHz sidebands 
extending several hundred kHz each side. The sound 
carrier has distorted modulation, since it is fm. 

The loop is connected to the tuner via a conven¬ 
ient length of RG-58 or RG-59 cable equipped with 
suitable connectors. The most inexpensive connec¬ 
tors are F-type, used for TV cable connections. In my 
case, in order to reach the source of the rectification, 
60 meters (200 feet) of cable was required. If you 
use F-type connectors, note that they are designed 
for coax with a solid center conductor. 

The loop antenna operates as a radio direction 


finder to locate the source of signal rectification 
causing generation of harmonics. In order to hear the 
effect of loop rotation on the signal, the audio output 
of the receiver is sent via the coax cable to head¬ 
phones or a telephone carried by the loop-antenna 
operator. While slowly rotating the loop about its 
vertical axis, a distinct null, about 2 or 3 degrees 
wide, is easily heard. 

Although a loop is normally bidirectional, in this 
case, due to the tapped feed point, it exhibits about 
10 dB of front-to-back ratio when properly tuned. 
With the operator looking through the loop, he is fac¬ 
ing the signal when the deepest null is heard with the 
feed tap on the left side of the loop. Rotating the 
loop about its horizontal axis will indicate, by a deep¬ 
er null, the angle of elevation of the incoming signal. 
For maximum directivity, the trimmer capacitor must 
be tunned for maximum signal at the frequency of in¬ 
terest. 

Loop operation can be verified by tuning it and the 



6-12 VOLT 
TALK-BATTERY 
FOR TELEPHONES 


fig. 3. Interconnection diagram of the loop, tuner, and receiver. The earphone and microphone of each handset are connected i 
series. The battery is not required if the earphones alone are used. 
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fjg. 4. Schematic diagram of the harmonic-producing net¬ 
work. This circuit is used to produce harmonics to calibrate 
the tuner and receiver. A maximum of 2 watts should be 
applied. 

receiver to a TV station and observing the effect of 
rotation. This test may be invalid if many echoes 
exist from pipes, ducts, or other large metal surfaces. 
This same effect must be considered when looking 
for TVI. 

finding the hex 

Set up the equipment as shown in the block dia¬ 
gram, fig. 3. Tune the TV set to the channel having 
interference. Turn on the transmitter and verify that 
it is causing interference, then turn the tuner to the 
same channel. Use only sufficient transmitter power 
to cause TVI. Tune the receiver to 29 MHz and find 
the harmonic. Note that table 2 is based on the low¬ 
er edge of the 14-, 21and 28-MHz bands. Also note 
that the receiver, used as an i-f amplifier, tunes back¬ 
wards. For example, if 21 MHz interferes with chan¬ 
nel 3, the third harmonic is at 63 MHz and is tuned on 
the receiver at 29 MHz. If the transmitter is tuned to 
21.3 MHz, the third harmonic is at 63.9 MHz and will 
fall at an i-f frequency of 28.1 MHz on the receiv¬ 
er dial. 

Set the receiver controls for CW operation, and 
tune the harmonic so that its detected audio frequen¬ 
cy is about 1 kHz. It will be necessary to retune the 
receiver from time to time since the oscillator will 
drift slightly. Therefore, an operator should be at the 
receiver for periodic tuning, and to key the transmit¬ 
ter on request. If two telephone handsets or opera¬ 
tor's headsets are available, constant communication 
between the antenna and receiver operators is pos¬ 
sible. 

Go outside the house and take a preliminary bear¬ 
ing on the interference source. Note the direction (a 
rough sketch or map may be helpful). Go to a second 
location and take a second bearing. In all but the 
most elusive cases of interference, two or three bear¬ 
ings will suffice. Rotating the loop axis vertically, 
rather than horizontally, will indicate the elevation of 
the source above ground level. 

Under certain conditions, it may be advantageous 
to turn off the receiver age and have the receiver op¬ 


erator control the signal level with the receiver's rf 
gain control. When nearing the interference source, 
or when using the probe as a "sniffer" for harmonics 
radiating from equipment, a coax plug fitted with a 
few centimeters of stiff wire will serve as a probe 
antenna. 

Due to the attenuated response of the loop anten¬ 
na at the normal amateur frequencies, a highpass fil¬ 
ter of the TV type was not found necessary. If one is 
used, it must be located after the splitting filter in the 
tuner, or the telephone extension will not work. 

where to look 

Many things can cause a rectification-harmonic 
problem. Some of these are rain gutters, down¬ 
spouts, roof flashing (the metal under shingles), cor¬ 
roded TV antennas, rusty TV masts, poor (unsol¬ 
dered) splices in TV feedlines (or in the station anten¬ 
na system both transmitting and receiving), poor 
electrical conduit joints and other metal junctions of 
this nature, all transistorized equipment, intercoms, 
pipes, telephones, concrete reinforcing bars — the 
list is almost endless. Any two touching pieces of 
metal more than a few centimeters long in the field of 
the transmitting antenna are suspect. The obvious 
solution to the problem is to permanently bond the 
two pieces, or, if no electrical continuity is neces¬ 
sary, to permanently insulate them. 

Three cases have been found and corrected at my 
location, galvanized-tin roof flashing and corroded 
TV antennas on two adjacent houses being the 
cause. In the latter case, good relations have always 
been maintained with the neighbors, so no problem 
existed in correcting the situation. In fact, one case 
resulted in a very nice Christmas gift as an expression 
of gratitude. The tin flashing problem was fixed by 
permanently connecting the two pieces with sheet 
metal screws and anti-corrosive grease, permanent 
separation being impractical. The corroded TV an¬ 
tennas were scraped clean at the connection points 
and then painted with an anti-corrosive grease. 

About eight years ago, long before this equipment 
was built, I found a source of rectification in my own 
TV antenna so severe that a 75-watt transmitter on 
3.5 MHz feeding a dummy load caused TVI. A friend 
and I found the cause, wholly by accident, after a 
prolonged search. With the equipment described 
here, it would have been found in minutes. Now that 
you have the tools, good hunting, and may all your 
hexes be easy ones. 

reference 

1. Mack Seybold, "Harmonic Radiation from External Nonlinear Systems," 
QST, January, 1953, page 11. 
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I a dream realized: 

® the ultimate 


A 7-element quad 
on 40 meters? 
You’d better believe it! 
Here’s an account 
of how one DXer 
solved the problem 
of big antennas 


antenna array 

Most of us at one time or another have fantasized 
about having the ultimate array: the antenna to make 
you king of the band; the supergain bone crusher. 
Usually these dreams are dashed away by the reality 
of circumstances, but sometimes someone will suc¬ 
ceed in getting one of these monsters up. Although, 
generally, this supreme achievement will go unno¬ 
ticed by most, the rewards of the labor are still col¬ 
lected in abundance by the ambitious amateur who 
undertakes the challenge and succeeds. 

The following account isn't meant to be a con¬ 
struction project but is presented with the hope that 
some of the ideas will convince others that, first, you 
don't need a lot of money to build a large array; and, 
second, some dreams can come true with a little 
applied ingenuity. 

how it all began 

Having been one of those few fortunates who've 
had the pleasure of operating at a large multi-multi 
station during DX contests. I've become appreciative 
of the merits of high-gain antennas. One day in early 
1973 I was discussing various antennas with Jerry, 
WA7KYZ, when the subject of 40-meter arrays came 
up. Since 40 meters is generally considered to be the 
transition between wire dipoles and rotatable beams, 
we decided to experiment with some high-gain fixed- 
wire antennas on that band. Fortunately, we had a 
sizable piece of land on which to work. This property 
was dotted with 46-meter (150-foot)-high Douglas fir 
trees. 

initial attempts 

The first antenna we tried was a full-size four-sec¬ 
tion 8JK beam. On paper it looked really simple, but 
it turned out to be a real monster. We had to resort to 
using 2.6 mm (no. 10) copper-plated steel wire for 
the elements and 17-foot-long 1x6s (5 meters x 25 x 

By Paul Kiesel, K7CW, 3522 N.E. 115th Street, 
Seattle, Washington 98125 
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152 mm) for the spreaders. We finally got the thing 
up in the air by pulling up the ends with a pickup 
truck. 

The antenna worked reasonably well. It seemed to 
have a low angle of radiation, as it was supposed to, 
and it definitely had gain. But it performed well in 
only two directions. It had a very narrow beamwidth. 
Additionally, we had a problem that we hadn't con¬ 
templated: we had to keep untangling the open-wire 
feedlines. Also, we had to use a transmatch, which 
made things even more cumbersome. The antenna 
eventually came down when an ambitious ten-year- 
old neighbor untied one of the support ropes at the 
base of the tree. We had mixed feelings about the 
array's demise. 

the grand experiment 

We fiddle-fumbled around for some time before 
we came up with the ultimate solution, the utopian 
array. It was to be a multi-element delta-loop quad. 
We decided to go with seven elements aimed at 
Europe. Every amateur in Washington state who 
works DX knows that the European path is the 
toughest nut to crack, because we have to battle the 
northern auroral zone. The east-coast guys have the 
same problem working into Japan. So we had to 
have a lot of gain; however, we didn't want to nar¬ 
row the pattern of the array too much. We could 
have put three times as many elements on the thing, 



fig. 1. Details of the 
driven element for the 
7-element, 40-meter 
delta-loop quad anten¬ 
na. High Douglas fir 
trees provided the sup¬ 
ports. Handbook data 
were used for loop 
dimensions and ele¬ 
ment spacing, which 
was 0.2 wavelength. 
The vswr was meas¬ 
ured at 1.5. 



DETAIL OF FEED POINT 


since the supporting wire was 137 meters (450 feet) 
long! We couldn't use the 2.6-mm (no. 10) wire for 
all the elements and support because it would have 
made the antenna much too heavy, so we used 0.8- 
mm (no. 20) brass wire for the elements. Sounds 



fig. 2. The ultimate antenna farm, which includes three 
switchable monster arrays covering Oceania, Europe, and 
South America, including the long path to the Orient. 


flimsy, all right, but it works fine for a temporary 
effort. We really lucked out on the element wire. I 
picked up 1220 meters (4000 feet) of it at a surplus 
place for $4.00. We used 9 kg (20-lb) nylon fishing 
line to pull out the corners of the loops. Jerry picked 
up some 75-ohm coax remnants from the local cable 
television company, so we used some of this for the 
feed line. 

up she goes 

Now, back to the support wire. Our two support 
trees were 137 meters (450 feet) apart. We couldn't 
afford polypropylene or similar rope, so we decided 
to use some of the 2.6-mm (no. 10) wire left over 
from the 8JK project. We used no insulators to sep¬ 
arate the loops from the support wire as they were 
unnecessary. As soon as the array was secured, we 
checked the swr to find that it was only about 1,5:1. 
We used 0.2-wavelength spacing between elements 
and the customary formula for loop dimensions. We 
kept all directors the same size. We found that the ar¬ 
ray would sway freely but not excessively with the 
breeze. 

I wanted to photograph our antenna for posterity, 
but this proved impossible. All that was visible in the 
photos was a 137-meter-long (450 feet) wire, two 
trees, and a piece of coax reaching up into the air and 
seemingly terminating into nothing. There are defi¬ 
nite possibilities here for those who need to display 
as little antenna as possible. 
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It took Jerry, my brother, John (K7TU, ex- 
WA70TT), and me about a day and a half to build 
the antenna from scratch. As we secured each ele¬ 
ment, we pulled up the support wire a bit. We used a 
small butane torch to solder the loops to the support¬ 
ing wire. To support the coax so it wouldn't pull the 
loop out of shape, we ran a nylon cord down from 
the supporting wire to the feed point (fig. 1). 

performance 

I only use published gain figures as a ballpark 
method for deciding what kinds of array to consider, 
and I never tried to measure the gain of this antenna 
with respect to another antenna because of the many 
variables involved. My method of evaluation is to just 
get on the air and see how well the array works by 
communicating. 

With the antenna connected to the rig, we tuned 
through the CW band and came across several UAIs 
and UA3s. (Remember — this was on the 40-meter 
band.) Their signals were so weak the S-meter didn't 
move, but all were solid copy. The only other signals 
on the band were some rag-chewing W6s. It doesn't 
sound too impressive until I mention that this first 
check was carried out at 12 o'clock noon. 

A couple hours later we were able to work into 
Europe with consistent S4-S6 signals using only a 
barefoot T4X exciter. Later on that evening we were 
getting consistent 599 reports from all over Europe. 
The Europeans we worked were all solid copy. Our 
antenna was turning out to be a great performer. 

further experiments 

When we found out how well our antenna was 
performing, we decided to erect three more of similar 
type. We had enough material to erect three ele¬ 
ments centered on the Caribbean/South America 
region, four elements on Japan, and four elements 
on the VK/ZL/Europe long path (fig. 2). By now we 
knew how to go about constructing the antennas, 
and the three new ones only took another day to 
erect. Upon trying them out we found that all three 
new antennas performed very well also. 

sidelights 

At this point a small anecdote relative to our 
antennas is appropriate. Soon after we got the four 
arrays up I was stringing J As at about 9 o'clock in the 
evening when Gordy, W7SFA (now W7FU), broke 
in. He wanted to know how well I was hearing 
Japan. I told him that signals were moderate. This 
revelation must have surprised him, because he 
asked me what kind of antenna I had. I told him I was 
using a 4-element quad and that it was working quite 
well. Upon being asked by him if I could rotate my 


quad, I replied that I could and told him to stand by. 
At that point I paused and flipped the antenna switch 
over to the European 7-element job, which just hap¬ 
pened to be pointing directly at him. I hit the key 
again and asked him how it sounded. I won't repeat 
his reply here. And, quite frankly, his signals came up 
so much with the switch of antennas that their 
strength almost blasted me right out of my chair. 
Whew I 

As flimsy as the antennas appeared, they proved 
to be very durable. They remained erect through sev¬ 
eral storms and during both weekends of the CQ 
WW DX Contest. In fact they were still in the air 
when the location had to be vacated a couple of 
months later. 

Although we couldn't use the antennas on a per¬ 
manent basis, they were still well worth the effort. I'll 
never forget how much fun it was to tell the Euro¬ 
peans on 40 meters; "The antenna here is a 7-ele¬ 
ment quad." 

ham radio 



"Since you're afraid of heights I was sort of hoping for a 
brother to help with my antenna." 
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higher frequency resolution 


for an hf synthesizer 

A unique method 
for obtaining 
10-Hz increments 
from an hf synthesizer 

using a 
dual vco system 

The advent of low cost phase-locked-loop fre¬ 
quency synthesizers has had considerable impact on 
vhf amateur radio equipment. Unfortunately, the fre¬ 
quency synthesizer is most adaptable to channelized 
systems, consisting of a finite number of discrete 
operating frequencies. Typical high-frequency ama¬ 
teur activity consists of tuning an analog-oscillator 
controlled radio to a clear frequency and making a 
call. To answer such a call, with single-sideband 
equipment, you must tune to within 50 Hz of the orig¬ 
inating station's frequency for near natural voice 
reproduction. This means that a practical, synthe¬ 
sized, hf ssb transceiver must be capable of continu¬ 
ously tuning in 100 Hz steps, and requires an internal, 
loop-reference frequency of 100 Hz in a conventional 
configuration. The loop filter cut-off frequency re¬ 
quired to effectively eliminate reference frequency 
sidebands from the synthesizer's output increases 
the loop lock-up time to several seconds after each 
frequency change. The ideal amateur CW receiver, 
equipped with narrowband i-f or audio filters, must 
be continuously tunable in 10-Hz steps, and this 
would have ten times longer lock-up time between 
frequency changes. 

This article briefly describes a less common 
approach to an hf synthesizer which offers 10-Hz fre¬ 
quency steps from a 10000 Hz reference, and there¬ 
fore offers 1000 times faster recovery after frequency 
excursions. In addition, less rugged mechanical con¬ 
struction of system oscillators is possible because of 
loop correction of low-frequency fm due to vibration. 

Fig. 1 is a functional block diagram of a conven¬ 
tional PLL frequency synthesizer. The phase detector 


supplies correction pulses to the vco, through a low- 
pass filter, at a frequency equal to the reference fre¬ 
quency, until the vco is locked at a frequency equal 
to N times the reference frequency. A lower refer¬ 
ence frequency requires a lower filter cutoff for a 
given attenuation of the ac component of the refer¬ 
ence frequency. The filter is part of the closed loop 
and its response determines the maximum rate of 
vco frequency correction. 

Fig. 2 is a functional block diagram of a two-part 
synthesizer, offering 10-Hz steps with the advan¬ 
tages of a 10 kHz reference frequency. Note the use 
of two reference frequencies, 10.000 kHz and 9.990 
kHz. The output frequency is actually the difference 
frequency between two phase-locked oscillators. To 
change the output frequency by 10 Hz, we move the 
first oscillator 10.00 kHz; next, we move oscillator 
number two 9.99 kHz in the same direction. The dif¬ 
ference between the oscillators' frequencies has only 
changed 10 Hz. 

In the following example, I have made provisions 
for high-side LO injection in a super-heterodyne 
application, employing a 9.0 MHz i-f system. Also, 
sample calculations are shown for bfo/carrier fre¬ 
quencies of 8998.5 kHz for lower sideband and 
9001.5 kHz for upper sideband (remember the side¬ 
band inversion with high-side local oscillator injec¬ 
tion). The actual operating carrier frequency is 
programmed in BCD into the circuit's adders. Func¬ 
tionally, the circuit is divided into two major sections. 
Section two covers a range of approximately 50 to60 
MHz, with section one covering approximately 59 to 
99 MHz. 

To run section two at approximately 50 MHz, a 
divide ratio (programmed vco 2 offset) of 5005 is ini¬ 
tially chosen for divider 2. To the resulting frequency 



PHASE DETEC TOR PROGRA'MMABLE 0/VIOER 


fig. 1. Block diagram of a conventional PLL synthesizer. 


By William E. Coleman, N4ES, E-Sys- 
tems/ECI Division, Box 12248, MS 11, St. 
Petersburg, Florida 33733 
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(49999.95 kHz) is added the bfo frequencies of 
8998.5 kHz and 9001.5 kHz, producing the initial vco 
1 frequency. This procedure allows us to calculate 
the final required programmed offsets for dividers 1 
and 2 (fig. 3). 

Therefore, for a programmed operating frequency 
of 00000.00 kHz, divider 1 must divide by 6744 for 
lower sideband, and 6045 for upper sideband as 
shown in fig. 1. Vco 1 will then operate at 67440 kHz 
for LSB and 60450 kHz for USB (fig, 4). 

And, for a programmed operating frequency of 
00000.00 kHz, divider 2 will divide by 5850 for LSB 
and 5150 for USB. Vco 2 will operate at 58441,5 kHz 
for LSB, and 51448.5 kHz for USB (fig. 5). 

With a sample operating frequency of 14307.96 
kHz USB programmed into the synthesizer's data 
input, divider 1 would divide by 8271. Vco 1 would 


ESTABLISHING VCO STARTING FREQUENCIES AND l‘F OfFSET. 


500$ 
t 9.99kHz 


49,999 9$kHz 49,999. 95MHz 

9- 8,996 50*Hz t 9,OQI .5Q*Hi 


49,999.95MHz 


58,998. 4 5*Hi 


59.00! 45* Hi 


VCO 2 INITIALLY SELECTED 
FREQUENCY 


INITIAL VCO I LSB 
FREQUENCY 


INITIAL VCO l USB 
FREQUENCY 


fig. 3. The initial frequency for vco 2 is determined by 
assuming there is no programmed input frequency 
(00,000.00 kHz). For the vco to be at its proper lower fre¬ 
quency limit, the divider would have to have an initial divide 
factor of 5005, producing a 49999.95 kHz output. Vco 
number 1 will also start with the same frequency, except 
with the added offset required for either LSB or USB. 


operate at 82710 kHz (fig. 6A). Divider 2 would 
divide by 5946, and vco 2 would operate at 59400.54 
kHz (figs. 6B and 60. 

The i-f offset is implemented by separating the 
divide cycle of each programmable divide chain into 



BCD SWITCHES OR UP/DOWN COUNTER WITH READOUT 

fig. 2. Functional block diagram of a high frequency synthesizer capable of 10-Hz steps, with a 10-kHz reference. 
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CAiCULAT/NG DIVIDER I LSB PRESET 


I CALCULATING DIVIDER I USB PRESET 


58,99.8 4 5 kHz 



6744 

tlpkHi 
67,4 40kHz 

VCO I PROGRAMMED OFFSET 
FREQUENCY FOR LS8 



VCO I programmed OFFSET 
FREQUENCY FOR USB 


fig. 4. As seen in fig. 2, the data from the three most signifi¬ 
cant digits is added to the data from the fourth through the 
sixth significant digits. This number is then the final number 
which is used to control the programmable divider number 
one. (B) shows the same divider calculation, except for USB 
instead of LSB. The divider then controls vco 1 in 10 kHz 
steps. 


two subcycles. During th6 first subcycle, the chain is 
loaded from and divides by the number programmed 
in a diode ROM (i-f offset data for the sideband in 
use). For the second subcycle, the chain is loaded 
with and divides by the data presented to the BCD 
frequency-select input lines. After both subcycles are 
completed, one pulse is sent to the phase compara¬ 
tor, and the entire cycle repeats. This approach may 
also be applied to single-divider PLL systems. 

The reference frequencies are derived by dividing a 
9.99-MHz crystal oscillator's output by 1000 and 999 
to obtain outputs at 9.99 kHz and 10.00 kHz, respec¬ 
tively. An oven is recommended if the synthesizer's 
10-Hz resolution is to be used to full advantage. 

Vco 1 and vco 2 are combined in a mixer, which 
supplies the difference-frequency output through a 
50-MHz lowpass filter. The mixer is image terminated 
through a highpass filter to reduce any unwanted in¬ 
termodulation products which would result from an 
impedance mismatch at the vco sum frequencies. 


Both filters must employ T-input sections so they ap¬ 
pear invisible to the mixer in their cutoff regions. 

Because the high-reference frequencies used in 
this synthesizer allow loop correction of vco micro¬ 
phonics below about 1 kHz, this circuit is ideal for 
mobile applications where vibration would otherwise 
require the use of extremely rugged oscillator enclo¬ 
sures. 

This approach may be expanded to yield 1 Hz 
steps, or to utilize a 100 kHz reference, but either 
change would require a ten times greater frequency 

A example OPERATING FREQUENCY Q EXAMPLE OPERATING FREQUENCY 
W <DIVIDER l! W (DIVIDER 2) 

J4,30/.96k HZ (USB) 

^430 ) 

± 796 * 

+ 6045 (OFFSET COUNT) 

82 71 

827 / 

_x I Okti/ 

82,710km <vcon 

0 example operating frequency check 

82.7IO.OOkH/ (VCO!) 

- 5 9,400 54kHz (VCO 2) 

- 9,0OI.5OkHt (USB BFO) 
l4.307.96kH/ (OPERATING FREQUENCY) 

fig, 6. With a sample operating frequency of 14,307.96 kHz 
(USB), the programmable divider, for vco 1, would have a 
value of 8271. The offset is that calculated in fig. 4B. This 
final value determines the frequency of vco 1. The program¬ 
mable divider for vco 2 uses the input from the data 
switches plus the offset from fig. 5B to determine the vco's 
frequency. Since this synthesizer is actually a local oscilla¬ 
tor in a transmitter or receiver, its output will differ from the 
actual transmitted (or receiver) frequency by the value of 
the i-f frequency. Therefore, the difference between vco 1 
and vco 2 will equal the operating frequency plus the i-f off¬ 
set. Or, subtracting both the i-f offset and vco 2's frequency 
from vco 1, will give the actual operating frequency (C). 


14,30 / 96k Hz 

51 50)(0FFSET COUNT) 
+ 796* 

5946 


5946 
x9 99k Hr 

59,400 54kHz(VCO 2) 


DIVIDER 2 LSB PRESET 


DIVIOER 2 USB PRESET 


58,99 8 4 5/ Hi 

+ 845 * 
5850 


59,00! 45kHz 


5005 
+ 145 
5150 


a *>4Y 


5850 
X 9.99kHz 
58,4 41 50kHz 

VCO 2 PROGRAMMED OFFSET 
FREQUENCY FOR LSB 

OFFSET CHECK 

67,440.0 kHr 
-58,441 5 kHz 

8,998.5 kHz (LSB) 


5150 
*9.9 9kHz 
51,448.50kHz 

VCO 2 PROGRAMMED OFFSET 
FREQUENCY FOR USB 


60.4 50.0 kHz 
- 51,4485 kHz 

9,001.5 kHz (USB) 


fig. 5. For vco2, the same initial frequency, as determined in 
fig. 3, is preset into the counters, plus the three most signifi¬ 
cant digits from the data switches. The final divider 
number, times 9.99 kHz, produces the required vco frequen¬ 
cy, except now in 9.99 kHz steps. As a check, subtracting 
the value of the two vco frequencies will equal the sideband 
offset value (C). 


range of vco 2, and that much additional range add¬ 
ed to the upper frequency limit of vco 1. 

A recommended frequency programming scheme 
would incorporate thumbwheel switches to set the 
MHz range, with smaller frequency divisions being 
continuously tunable by an optically coupled, tuning- 
knob-controlled, up-down counter with readout. The 
high speed of this synthesizer makes it an ideal candi¬ 
date for use in an automated, microprocessor con¬ 
trolled station, in which case tuning could be imple¬ 
mented with the computer's ASCII keyboard, or even 
remote controlled via a modem. Wouldn't it be nice 
to have a remote 20-meter transceiver atop a 150- 
meter (500-foot) building? 

I would like to thank Fred Studenberg, W4CK, and 
Chuck Jackson for their technical advice and con¬ 
structive criticism of this article. 
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automatic noise-figure 
measurements — 
fact and fancy 

One of the major attractions at the regional 
vhf/uhf conferences is the noise figure measurement 
session. Everyone with a new converter or preamp, 
and especially anyone who does not possess or have 
access to calibrated noise-figure measuring equip¬ 
ment, anxiously awaits the measurement results. 
The session becomes a contest of sorts, in which you 
find out how your latest endeavor or purchase com¬ 
pares with the best of show. 

Invariably these measurements are made using 
automatic noise-figure equipment because of the 
simplicity and speed with which measurements may 
be accomplished. Given any one test setup, the com¬ 
parisons among the various units under test may be 
valid, in that the relative noise figures for each unit 
can be determined, as can the difference in noise fig¬ 
ure between any of the units. But what about a pre¬ 
amp whose measured noise figure was 1.5 dB at the 
West Coast Conference and another which yielded 
1.7 dB at the East Coast Conference? Is this a valid 
comparison, or going one step further, is either 
measurement really accurate? The discussion which 
follows will, I hope, provide these answers. 

In addition, this article becomes another in the 
series devoted to the use and application of available 
surplus test equipment, Automatic noise-figure 
meters, such as the Hewlett-Packard models 340A, 
340B, and 342A, and the AlLTECH* types 74A and 
75, are typical of those in general use. Noise sources 
which are usable from 10 MHz to 5 GHz, and which 

'AlLTECH, a Culler Hammer Company, was formerly Airborne Instruments 
Laboratory, Throughout this article. AIL will be used to identify equipment 
manufactured under either name. 


may be used with one or more of these instruments, 
are the Hewlett-Packard models 343A, 345B, and 
349A, and the AIL types 7006, 7010, 7011, and 7012. 
Tables 1 and 2 list the pertinent specifications for the 
noise-figure meters and noise sources, respectively. 

With the exception of the AIL 75, which is proba¬ 
bly too new to show up on the surplus market, all of 
these noise-figure meters and noise sources are avail¬ 
able from time to time. Oftentimes a solid-state noise 
source also becomes available. If it is one of the AIL 
series 76, it is compatible with the AIL 75 noise-figure 
meter; if it is manufactured by another company, it 
may be adaptable to one of the aforementioned 
noise-figure meters, but detailed information must be 
obtained from the manufacturer. However, because 
of their relative scarcity and the fact that they may 
not be truly compatible with most of the available 
noise-figure meters, no coverage can be provided in 
this article for any solid-state noise source. 

As noted in table 1, many of the Hewlett-Packard 
instruments have been special versions which accept 
one or more input frequencies different from those in 
the standard models. This should present no problem 
to the potential user, even if none of the instrument 
input frequencies corresponds to the output frequen¬ 
cy from his converter. Either the converter output 
can be heterodyned to the noise-figure meter input 
frequency, as explained later, or the noise-figure 
meter can be modified. This modification involves 
nothing more than retuning or replacing coils in the 
instrument's tuned amplifier, and is described in the 
appendix. 

noise-figure equations 

Before we can analyze the operation of automatic 

The Hewlett-Packard model 340B Noise Figure Meter can be 
used with either a gas-discharge noise source or a 
temperature-limited diode source. Models 340A and 342A 
are similar in appearance I courtesy Hewlett-Packard 
Company). 
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noise-figure meters, it is necessary to understand the 
mathematical definition of noise figure insofar as it 
applies to the noise-figure meter. I will skip the basic 
mathematical derivation, since this has been covered 
extensively in references 1 through 5. Instead, I will 
start with a mathematical definition of noise figure 
and proceed to derive the relationships which permit 
the automatic noise-figure meter to function. 

To eliminate any confusion between noise figure 
expressed as a numerical ratio and the logarithmic 
equivalent expressed in dB, I will limit the use of the 
term noise figure (NF) to the logarithmic version and 
call the numerical ratio noise factor (F). 

The noise factor of a receiver is defined as the in¬ 
put signal-to-noise power ratio divided by the output 
signal-to-noise power ratio, and is expressed as 


, = Sj/Nj 
S 0 /N 0 


<D 


output power when the noise source is on as N z , the 
output signal power, S 0 , can be expressed as 

S 0 = N 2 -Nj (3) 

and since 

N Q = N 2 (4) 


S 0 /N q 


= Nz-n 2 _ n 2 
Nj N] 


(5) 


Rewriting eq. 1 by substituting eqs. 2 and 5, we get 


t 2 -t 0 



( 6 ) 


Converting eq. 6 to the equivalent noise figure, 
where NF= 10 log F, 


where S, is the input signal power, N t is the noise 
power at the input, S Q is the output signal power, and 
N 0 is the output noise power. 

If a broadband noise source is used at the receiver 
input 


where 


S,/N, — EN~ 7z „ T ° (2) 

I Q 

EN = excess noise power (generally ex¬ 
pressed in dB, but the equivalent 
numeric ratio in this case) 

T 2 = equivalent absolute temperature of 
noise source when on, in °K 


T n = °K 




10log T - 2 -—* - [ 10log (- l) (7) 


Since the first term in eq. 7 is the logarithmic 
equivalent of eq. 2, it is equal to the excess noise 
ratio (ENR), in dB, of the noise source. Therefore 
eq. 7 can be rewritten 


NF= ENR -10 log (8> 

The ratio N 2 /N 2 is often designated the K-factor, 
so that an equivalent expression for eq. 8 is 

NF~ ENR - 10 log (Y- 1) (9) 


If we designate the output power from the receiver 
when the noise source is off as N 2 , and the receiver 


Thus we have arrived at an expression for noise 
figure in which the only variable is Y when a noise 


table 1. Automatic noise-figure meter specifications. 

input frequencies 

bandwidth 

sensitivity 

age range 

model 

NF ranges and accuracy 

(MHz) 

(MHz) 

(dBm) 

(dB) 

Hewlett-Packard 

0-15dB: ±0.5dB 

"30,60 

1 (min.) 

- 60 

50 

340A, B 

3-30 dB: ± 0.5 dB from 10-25 dB 






± 1.0 dB from 3-10 dB 
± 1.0 dB from 25-30 dB 





Hewlett-Packard 

342A 

Same as 340A, B 

"30,60, 75, 105, 200 

1 (min,) 

-60 

50 

AIL 74 A 

0-25dB: ±0.5dB 

**One of the following: 



65 


23-36 dB: ±1.0dB 

10, tunable 20-60 

2 

-67 




30 

6 

-73 




30, tunable 40-180 

2 

-67 




60 

6 

-67 


AIL 75 

0-15 dB: ± 0.15 dB from 0-3 dB 

30 (other options 

5 (min.) 

-73 

65 


± 0.25 dB from 3-6 dB 

available) 





3-18dB: ± 0.15 dB from 3-6 dB 
± 0.25 dB from 6-9 dB 
6-21 dB; ± 0.15 dB from 6-9 dB 
± 0.25 dB from 9-12 dB 
12-27 dB: ± 0.5 dB from 12-18 dB 
18-33 dB; ±1.0dB 

"Standard input frequencies are listed; many special models were manufactured with one or more different input frequencies. 
**Depends on i-f amplifier installed in noise-figure meter. 
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fig. 2. Operational effect of the switching circuit in the 
automatic noise-figure meter. 


i 


r 


source of known ENR is used. Furthermore, since Y 
is the ratio of N 2 /Nj , we need only measure this 
ratio, without regard to absolute power levels, in 
order to obtain the receiver noise figure. 

automatic noise-figure meters 

Now that we have a simplified noise-figure equa¬ 
tion, let us investigate the actual method by which 
noise figure is measured automatically. Fig. 1 shows 
a simplified block diagram of a typical Hewlett- 
Packard noise-figure meter. The external noise 
source and receiver under test are included in the dia¬ 
gram so as to close the loop. 

The noise source, powered by the noise-figure 
meter, is connected to the antenna input of the 
receiver under test, and the i-f output from the 
receiver is connected to the input of the noise-figure 
meter. A switching circuit in the noise-figure meter 
gates the tuned amplifier, meter integrator, age, and 


noise source (via its power supply) on and off at a 
low audio-frequency rate. As shown in fig. 2, the 
noise source is gated on and approximately one- 
quarter cycle thereafter the tuned amplifier is gated 
on and the age gate is opened. During this "on" time 
the receiver output, N 2t consists of the amplified 
power from the noise source plus the amplified 
receiver noise. This is used to establish a standard 
reference level through age action. 

After the noise source is gated off, the amplifier is 
again gated on, as is the meter integrator. During this 
time the receiver output, Nj, consists only of the am¬ 
plified receiver and input termination noise, which is 
detected and integrated, and applied to the meter. 
Since the noise-source ENR is known, and N 2 is 
always amplified to a standard reference level, the 
only variable in eq. 8 is the metered value of TV/. The 
meter can therefore be calibrated to display noise fig¬ 
ure directly, as a function of TV/. 

The tuned amplifier is gated on for only one-half of 
the noise-source on and off periods in order to be 
certain that the output from the noise source has 
reached its maximum level or has fallen to its quies¬ 
cent level. 

The AIL noise-figure meters function in a similar 
manner, although there are differences in the actual 
circuits used to achieve the resulting indication. 

noise sources 

Although both coaxial and waveguide noise 
sources are available for use with automatic noise- 
figure meters, this discussion will be limited to the 
coaxial types, since waveguides presently have 
limited amateur use. 

The Hewlett-Packard model 343A VHF Noise 
Source provides a wideband noise spectrum from 10 
to 600 MHz and has a source impedance of 50 ohms. 
It generates an excess noise ratio of 5.2 to 6.6 dB, 
depending on the measurement frequency, at its 
specified current of 3.31 mA; refer to table 2. The 
noise source employs a special temperature-limited 



I_1 

fig. 1. Simplified block diagram of the Hewlett-Packard model 340A or 340B Noise Figure Meter. 
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vacuum-tube diode (similar to the Sylvania 5722) 
whose plate and filament voltages are supplied by 
the Hewlett-Packard 340A, 340B, or 342A noise-fig¬ 
ure meter. The noise output of a saturated tempera¬ 
ture-limited diode is a function of plate current, 
which is set to an established value by means of a 
control on the noise-figure meter. 

The Hewlett-Packard model 345B IF Noise Source 
produces an excess noise ratio of 5.2 dB from any 
one of four switch-selected source impedances: 50, 
100, 200, or 400 ohms. Since tuned circuits within 
the noise source limit its spectrum to either 30 or 60 
MHz, also switch-selected, it has limited amateur 
application and can be dismissed without further dis¬ 
cussion. 

Also usable with any of the Hewlett-Packard 
noise-figure meters are several 5722 noise generators 
whose construction has been described in references 
6 through 8. It should be noted that most, if not all, 
of these homebrew noise sources suffer from imped¬ 
ance mismatch problems when used above 400 MHz. 
However, it is possible to build a noise source which 
compares favorably with the Hewlett-Packard 343A 
to at least 450 MHz; its construction will be described 
in a future article. 

For receiver frequencies above 450 MHz, a noise 
source using a gas-discharge tube is generally used. 
Coaxial noise sources of this type may also be used 
at frequencies as low as 200 MHz. The Hewlett-Pack¬ 
ard model 349A UHF Noise Source and the AIL Type 
7010, 7011, and 7012 Coaxial Noise Generators all 
employ an argon-filled gas-discharge tube coaxially 
mounted in a helical transmission line. These noise 



The Hewlett-Packard model 343A VHP Noise Source utilizes 
a temperature-limited diode, and can be used from 10 to 600 
MHz {courtesy Hewfett-Packard Company), 

sources produce excess noise ratios of 15.2 to 15.7 
dB over their specified frequency ranges, as shown 
in table 2. 

A simplified diagram of a coaxial gas-discharge 
tube noise generator is shown in fig. 3. The tube is 
alternately turned on and off by the switched power 
supply in the noise-figure meter. When a high-volt¬ 
age pulse is applied between the anode and cathode 
of the tube, the argon gas ionizes and noise is gener¬ 
ated, The noise is coupled into the helix and appears 
at the two coaxial connectors. One connector is used 


table 2. Coaxial noise-source specifications. 



frequency 


operating 


model 

range (MHz) 

excess noise ratio (dB) 

current (mA) 

output vswr 

Hewlett-Packard 

343A 

10-600 

5.2 ±0.2 from 10 30 MHz 
5.510.25 at 100 MHz 

5.81 0.3 at 200 MHz 

6.05 ±0.3 at 300 MHz 

6.3 ±0.3 at 400 MHz 

6.510.5 at 500 MHz 

6.6 ±0.5 at 600 MHz 

3.31 

10-400 MHz: 1.2 max. 

400-600 MHz: 1.3 max. 

Hewlett-Packard 

345B 

30 or 60, 

switch 

selected 

5.2 

0.41 to 3.31 

50, 100, 200 or 400 ohm (14%) 
source impedance, switch 
selected 

Hewlett-Packard 

349A 

400-4000 
(usable to 

200) 

14.6 ±0.6 at 220 MHz 

15.6 ± 0.6 from 400-1000 MHz 

15.7 ±0.5 from 1 4 GHz 

150 

200 2600 MHz: 1.35 max. fired 
1.5 max. unfired 

2.6-3.0GHz: 1.5max. fired 

1.5 max. unfired 

3.0-4.0 GHz: 2.0 max. fired 

3.0 max. unfired 

AIL 7006 

10-250 

15.210.5 

33.1 

1.2 max. 

AIL 7010, 7011 

200-2600 

15.210.3 

175 

1.15 (nominal) fired 

1.3 (nominal) unfired 

AIL 7012 

2-5 GHz 

15.510.2 

175 

1.5 (nominal) fired 

2.0 (nominal) unfired 
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fig. 3. Simplified diagram of a gas-discharge tuba noise 
source. One connector is used for the noise output; the 
other must be terminated by a precision 50*ohm load. 


for the noise output, while the other must be termi¬ 
nated by a precision 50-ohm load. 

connecting the noise source 
to the noise-figure meter 

Obviously each manufacturer supplies noise 
sources which are compatible with his own noise-fig¬ 
ure meters. There is nothing, however, other than 
the problem of physically interconnecting the source 
and noise-figure meter, which precludes using one 
manufacturer's gas-discharge source with another's 
noise-figure meter. 

The same interchangeability is not true for diode 
noise sources. The AIL type 7006 noise diode can be 
used only with the AIL 74A noise-figure meter, and 
the Hewlett-Packard diode noise sources can only be 
used with the Hewlett-Packard noise-figure meters. 
But, as previously mentioned, there are several 5722 
noise generators which can also be used with the 
Hewlett-Packard noise-figure meters. 

All of the Hewlett-Packard noise-figure meters dis¬ 
cussed in this article originally included an intercon¬ 
necting cable for that manufacturer's gas-discharge 
noise sources. Unfortunately, the cable is invariably 
missing when the instrument reaches your local sur¬ 
plus emporium. On the other hand, the interconnec¬ 
tions are rather simple, so that with the information 
which follows, you should be able to solve all of your 
interface problems. 

To connect the Hewlett-Packard 349A coaxial for 
any of the Hewlett-Packard 347-series waveguide) 
gas-discharge noise source to any Hewlett-Packard 
noise-figure meter, a 6-foot (1,8-meter) type 340-16A 
cable was originally furnished. You can buy a re- 



CA/MO.V 

GK-ftT-aC-i/Z 



fig. 4. Interconnecting cable for use between a Hewlett- 
Packard 349A or 347-series noise source and a Hewlett- 
Packard 340A, 3408. or 342A noise-figure meter. The cable 
length should be limited to about 2 meters (6 feet}. 


placement directly from Hewlett-Packard, but the 
price was $100 the last time I checked. A good alter¬ 
native is to make your own cable, as shown in fig. 4. 

If you want to connect a Hewlett-Packard gas-dis¬ 
charge source to either the AIL 74A or 75 noise-fig¬ 
ure meter, it will be necessary to modify the captive 
cables on the AIL instrument, as follows. * 

1. Cut the high- and low-voltage cables at a point 
at least 20 inches (51 cm) back from the connector 
ends. 



The AILTECH type 75 Precision Automatic Noise Figure Indi¬ 
cator is the latest end most versatile instrument of its kind 
on the market. It can be supplied for use with both gas- 
discharge and solid-state noise sources, or for use with the 
latter type only ( courtesy Aft TECH ). 


2. Wire the cables from the noise-figure meter as 
shown in fig. 5A. 

3. Wire the cable ends with the connectors at¬ 
tached as shown in fig. 5B. 

The instrument cables, now terminated in a single 
multipin connector, will plug into the connector on 
the Hewlett-Packard noise source. An AIL noise 
source can still be used by connecting the multipin 
connector on the instrument cables to the mating 
connector on the now separate cable assembly 
shown in fig. 5B, thereby restoring the original con¬ 
figuration. 

Fig. 6 shows the cabling needed to connect an Al L 
7010, 7011, or 7012 noise source to any of the Hew¬ 
lett-Packard noise-figure meters. The high-voltage 
connector required to mate with the anode connec¬ 
tor on the AIL 7010 or 7012 is not available except as 
a part of the AIL 7003 cable set. Therefore it must be 
fabricated by using brass tubing of the appropriate 
size and suitable high-voltage insulating material 


•Taken from All Application Engineering Bulletin 70-15. dated 
August, 1961. 
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(teflon, polystyrene, etc.) between the inner high- 
voltage and outer ground conductors. WARNING: 
the anode lead and connector must be insulated for 
up to 5 kV; USE EXTREME CARE. 

The Hewlett-Packard 343A and 345B noise 
sources each have a captive cable and connector to 
mate with the Hewlett-Packard 340B and 342A 
noise-figure meters. If you intend to use any of the 
previously referenced 5722 noise generators, the 
appropriate connector wiring is shown in fig. 7. The 
5722 filament draws between 1.5 and 2 amperes, so 



The Hewlett-Packard model 349A UHP Noise Source is a 
gas-discharge type using an argon-filled tube Its usable 
range is 200 MHz to 4 GHz {courtesy Hewlett-Packard 
Company J. 


be sure to use wire that is large enough to minimize 
the voltage drop between the tube and the noise-fig¬ 
ure meter. 

Connecting any of the commercial or homebuilt 
diode noise sources to the Hewlett-Packard 340A 
noise-figure meter requires somewhat more discus¬ 
sion. The diode panel connector on the 34GA was ori¬ 
ginally a 3-pin connector, rather than the 5-pin Can¬ 
non WK-5-31S connector used on the later 340B and 
342A models. (It was intended to mate with the long 
obsolete 345A noise source.) However, Hewlett- 
Packard Service Note 340A-1A* described how to 
replace the old 3-pin connector with the later 5-pin 
connector, and virtually everyone who had a 340A 
made the change. In fact, I have never seen an 
instrument with the old connector still in place. 

If a new connector has been installed and you are 
going to use a homebuilt 5722-type noise source, the 
wiring information in fig. 7 applies. If the old connec¬ 
tor is still on the instrument, you will have to be lucky 
enough to find a mating connector or else change 


•Available from Hewlett-Packard Company, 1820 Embareadero Road, Palo 
Alio. California 94303. 




fig. 5. Modification of the AIL 74A or 7S noise-source cables 
which will permit use of Hewlett-Packard 349A or 347-series 
noise sources. (After AIL Application Bulletin 70-15, August 
1961). 


the connector on the instrument. The filament con¬ 
nections on the old 3-pin connector are pins 1 and 2; 
pin 3 connects to ground. 

The Hewlett-Packard 343A noise source can only 
be used with the 340A if the 5-pin connector has 
been installed. Before trying to use it, however, 
check the internal wiring to the connector to be sure 
that there is a connection to pin 4. If there is no wire 
on pin 4, run one from that pin to the black center- 
tap lead of transformer T101. (The transformer may 
be identified by tracing the leads from pins 1 and 2 of 
the connector, which are wired to the green and 
yellow leads, respectively, of T101.) 

measurement techniques 

We can now discuss the procedures and tech¬ 
niques of measuring noise figure with an automatic 
noise-figure meter. Because the actual operating 
procedures vary, depending on the instrument being 
used, no attempt will be made to describe the de¬ 
tailed operational steps. These appear in the instruc¬ 
tion manual for the specific instrument, available 
from the manufacturer at nominal cost. In general, 
operation of the noise-figure meter consists of the 
following steps: 

1. Connecting the receiver under test as shown in 
fig. 8. For the purposes of this discussion, the 
term "receiver" means any receiver or portion 
thereof (such as a converter, mixer, etc.) which 
provides an output signal at the input frequency of 
the noise-figure meter. 
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fig. 6. Interconnecting cable for use between an AIL 7010, 
7011, or 7012 noise source and a Hewlett-Packard 340A, 
340B, or 342A noise-figure meter. 
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fig. 7. Wiring a homebuilt 5722-tube noise source to permit 
its use with a Hewlett-Packard 340B or 342A noise-figure 
meter. See the text for additional information applicable to 
the Hewlett-Packard 340A 


2. Energizing the noise-figure meter and establish¬ 
ing the fixed age reference level. 

3. Setting the noise-source operating current. 

4. Calibrating the noise-figure meter to the noise- 
source ENR. (This step is not applicable to Hew¬ 
lett-Packard noise-figure meters.) 

5. Reading the receiver noise figure on the meter, 
and correcting for noise-source characteristics 
and/or loss-pad attenuation. 

Although this generalized procedure sounds 
almost too simple to be true, it is just about as easy in 
practice. Any adjustments on the receiver can be 
made while it is under test by merely tuning for the 
best noise figure. Compare that to measuring noise 
figure by the manual twice-power method! 

Let us now examine fig. 8 block by block. Most 
important, there should be a direct connection be¬ 
tween the noise-source output connector and the 
loss pad, and between the pad and the receiver. This 
means no cables , and a minimum of adapters. 

The use of a loss pad between the noise source 
and the receiver is an absolute necessity when using 
a gas-discharge source, and is highly recommended 
for diode noise sources. One of the disadvantages of 
gas-discharge noise sources is that they require a 
high-voltage ionizing pulse, typically several kilo¬ 
volts. Because of capacitive coupling between the 
tube and the helix, this pulse appears as a spike in the 
noise output. Although the pulse is attenuated, the 
amplitude of the spike may still be several volts, 
which may be enough to destroy your expensive low- 
noise transistor. Therefore, a 6- to 10-dB pad must 
always be used with a solid-state receiver to attenu- 



fig. 8. Measuring noise figure with the automatic noise- 
figure meter. The use of the loss pad and variable attenuator 
are discussed in the text. 


ate the spike. Even with a 10-dB pad, there may be 
sufficient spike voltage to destroy certain GaAs fets. 
A solid-state noise source should be used to check 
devices of this type. 

The use of a loss pad with a diode noise source is 
not absolutely essential, but can minimize several 
problems. First of all, most receivers (remember the 
general use of this term) do not present a 50-ohm in¬ 
put when optimized for a noise match. Because the 
rated ENR of a noise source is based on a 50-ohm 
load, there will be an indeterminate mismatch loss if 
the receiver vswr is greater than 1.0:1. A3- to 6-dB 
pad will not eliminate the mismatch loss, but may re¬ 
duce it somewhat. 

A second reason for using a loss pad is to ensure a 
50-ohm source impedance for the receiver, since the 
vswr of the noise source also is not a perfect 1.0:1. 



fig. 9. Using an external mixer and signal source to convert 
the receiver output frequency to that of the noise-figure 
meter input. The "receiver under test" corresponds to the 
equivalent block in fig. 8. 


Any tendency of the receiver to "take off' when 
looking into an impedance of other than 50 ohms will 
be reduced by use of a pad. 

Both of these reasons apply equally to gas-dis¬ 
charge noise sources, but are automatically realized 
by the absolute necessity of using a loss pad to pro¬ 
tect the receiver. In either case, the attenuation of 
the pad must be known to a fair degree of accuracy; 
remember that the loss, in dB, must be subtracted 
from the reading obtained on the noise-figure meter, 
since any loss ahead of a receiver adds algebraically 
to the receiver noise figure. 

In addition to providing an output at a frequency 
which is compatible with the noise-figure meter, the 
receiver must also provide enough gain to amplify 
the noise input to a level which exceeds the sensitivi¬ 
ty of the noise-figure meter. However, the difference 
in the receiver output levels with the noise source on 
and off must not exceed the age range of the instru¬ 
ment and overload it. This means that the output 
from the receiver, when the noise source is off, 
should be only slightly above the sensitivity level of 
the noise-figure meter. This can be determined by 
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the use of the variable attenuator shown in fig. 8. 
The amount of attenuation which is introduced 
should be 6 to 10 dB less than the value which causes 
the receiver output to fall below the threshold re¬ 
quired to establish the reference level. 

Conversely, if the receiver has insufficient gain, it 
will not be possible to establish a signal reference 
level in the noise-figure meter. In that case, a post- 
amplifier must be substituted for the variable attenu¬ 
ator to provide sufficient overall gain. 

receiver configuration 

Thus far we have imposed two conditions which 
the receiver must satisfy - its gain must be compati¬ 
ble with the sensitivity requirement and age range of 
the noise-figure meter, and its output frequency 
must match that of the noise-figure meter input. We 



The AILTECH type 7010 Noise Generator covers the range 
from 200 MHz to 2.6 GHz. The similar appearing type 7012 is 
used between 2 and 5 GHz. Both noise sources utilize gas- 
discharge tubes [courtesy Aft TECH). 


have already discussed the first of these, and can 
proceed to the second. 

The typical vhf or uhf receiving converter provides 
an output which is applied to a communications 
receiver used as a tunable i-f amplifier, detector, and 
audio amplifier. This output can fall anywhere in the 
entire hf, vhf, or even uhf spectrum. On the other 
hand, the input to the noise-figure meter must be at a 
specific frequency which may not correspond to the 
output from the converter. The combination of a 30- 
MHz amplifier in most of the noise-figure meters and 
most receiving converters with a nominal 28-MHz 
output has sufficient bandwidth to permit meaning¬ 
ful measurements. 

For other converter output frequencies which do 
not correspond to the noise-figure meter input, an 
external mixer and signal source can be used to con¬ 
vert the output frequency of the receiving converter 
to the input frequency of the noise-figure meter. Fig. 
9 shows the connections for such a frequency con¬ 
version. Any type of mixer can be used, although a 


'Available from Mini-Circuits Laboratory, Merrimac Industries, Anzac Elec 
tromes, Hewlett-Packard, Cimmarron, and others. 
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fig. 10. Test setup to determine receiving system and 
preamplifier noise figures, using a receiving converter 
following the preamplifier. 


packaged double-balanced mixer with coaxial con¬ 
nectors will prove to be the most convenient and ver¬ 
satile. These are available commercially;* a less 
expensive mixer can be packaged as described by 
Paul Sbuch. 10 

The signal source functions as a local oscillator for 
the mixer, and may be anything which generates a 
relatively stable unmodulated output, such as a sig¬ 
nal generator or vfo. The sum of the converter and 
signal-source frequencies, or the difference between 
them, must result in the input frequency required by 
the noise-figure meter. It makes no difference 
whether the sum or difference frequency is used; 
however, the signal source must not be set to a fre¬ 
quency which is close to or is a subharmonic of the 
noise-figure input frequency. 

For example, if the receiving converter output is 14 
MFIz and the noise-figure meter input is 30 MFIz, a 
signal-source frequency of either 16 or 44 MFIz would 
provide the proper output frequency from the mixer. 
In this case, the 16-MFIz choice should be avoided 
because its second harmonic at 32 MFIz may appear 
at the mixer output and fall within the passband of 
the noise-figure meter. This, of course, will render 
any measurements meaningless, since the noise-fig¬ 
ure meter cannot distinguish between the receiver 
signal and the spurious mixer output. 

If a signal generator is used as the signal source, it 
can function indirectly as the variable attenuator 
shown in fig. 8. Varying the signal-generator output 
will vary the conversion loss of the mixer and permit 
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fig. 11, Test setup to determine receiving system and 
preamplifier noise figures, using a mixer following the 
preamplifier. In this case, a poor post-amplifier contributes 
significantly to the Overall noise figure. 
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INTERSTAGE LOSS (dB) + 2'ND STAGE NOISE FIGURE (dB) 

fig. 12. The system noise figure iNF IN ) can be found from 
these curves when the first- and second-stage noise figures, 
first-stage gain, and interstage losses are known (courtesy 
Daico Industries, Inc ,). 


control of the mixer output level. A post-amplifier 
has been shown in fig. 9 because the receiving con¬ 
verter gain, less the mixer conversion loss, will gener¬ 
ally be insufficient to provide the necessary signal 
level into the noise-figure meter. This post-amplifier 
can be any type, such as a surplus i-f strip or a broad¬ 
band amplifier, which will amplify the desired mixer 
output frequency. The mixer image frequency will be 
rejected by the tuned amplifier in the noise-figure 
meter. 

The configuration shown in fig. 9 will result in 
valid noise figures only if the gain of the receiving 
converter is 20 dB or more. If the converter gain is 
less than 20 dB, the indicated noise figure will be 
worse than the actual noise figure because of the 
noise contribution of the external mixer. The actual 
noise figure must then be calculated, as explained 
later. 

preamplifiers 

In order to measure the noise figure of a preampli¬ 
fier, the test setup of either fig. 8 or fig. 9 is used, 
with the preamp inserted between the loss pad and 
the receiver. To prevent any possible instability of 
either the preamp or the converter, in the event that 
either is not unconditionally stable, it is wise to use 
an additional loss pad between the preamp and the 
converter, directly at the converter input. This pad 
should provide about 3 dB loss; the exact value is not 
critical nor need it be known accurately. Its effect will 
be incorporated into the measured noise figure of the 


receiver (without the preamp), since this measure¬ 
ment is necessary to calculate the true noise figure of 
the preamp, as explained in the following section. If 
only an overall system noise figure is of interest, then 
the second loss pad should not be used. 

A major consideration in the measurement of pre¬ 
amp noise figure is that of image response and the 
effect of filters on that response. It is mentioned here 
as a preliminary precaution only, and will be covered 
in detail under the heading image response error . 

cascaded stages 

The overall noise figure of any receiver depends 
primarily on the noise figure of the first stage. How¬ 
ever, the noise generated by succeeding stages will 
contribute to the overall noise figure and, if the gain 
of the first stage is not over 20 dB or so, have a sig¬ 
nificant effect. Since low-noise preamps seldom 
have gains in excess of 15 dB, taking the noise con¬ 
tribution of the following stages into account is of 
major Importance in determining the preamp noise 
figure. 

The general equation for the noise factor of 
networks in cascade is 

F * =F i + %^ + + <10) 

where „ . 

F s = system noise figure 

Fj, F 2) F) = noise factor of first, second, third 
stages 



1 § §31 § I I ill! 


FREQUENCY (MHz) 


fig. 13. Excess noise ratios for Hewlett-Packard and AIL 
coaxial noise sources which utilize gas-discharge tubes. The 
curve for the Hewlett-Packard 349A is subject to the ENH 
tolerances listed in table 2; those for the AIL noise sources 
are typical and take into account the gas-tube-variations 
and hot-cold insertion losses. 
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C h q 2 = power-gain ratio of first, second 
stages 

The system noise figure , NF SI is derived from the 
expression 

NF S = 10 log F s (11) 

It can be seen from eq. 10 that the numerical value 
of the second and succeeding terms is a function of 
the first-stage gain; the higher the gain, the lower 
will be the values of those terms. If all stages are 
active amplifiers, only the second-stage noise will be 
of importance, and only the first two terms of eq. 10 
need be used in the calculation. However, if any of 
the early stages in the receiver has a gain of 1 or less 
(i e g ., mixers and loss pads), three or even four terms 
of the equation may have to be taken into account. 

As an example, refer to the test setup shown in 
fig. 10. Assume that the preamp gain (Aj) and the 
converter gain ( A 2 ) have been measured at 12 dB and 
20 dB respectively; the measured converter noise fig¬ 
ure iNF 2 ) is 4 dB; and the measured mixer noise fig¬ 
ure (NF 3 ) is 7.5 dB. The system noise figure indicated 
on the noise-figure meter is 8.65 dB. What is the pre¬ 
amp noise figure (NFj)7 

First, we must subtract 6 dB from the noise-figure 
meter reading, since that is the increase in noise fig¬ 
ure caused by the 6-dB pad. Therefore the actual 
system noise figure (NF S ) is 2.65 dB. Second, we 
must convert the noise figures and gains (in dB) to 
noise factors and numerical gain ratios, as follows: 

17 *7 NF S .. 2.65 , 

F s = antilog -jq — antilog ~Jq~ = 1 • S41 

NFo 4 

F 2 = antilog jq = antilog jq — 2.512 
NF 3 7 5 

F 3 * antilog jq = antilog-jg — 5.623 



FREQUENCY - (Mhi) 


fig. 14. Diode current required by the Hewlett-Packard 343A 
VHF Noise Source to maintain a nominally constant 5.2-dB 
excess noise ratio [curve by J. R. Reisert, W1JR). 

It can be seen from inspection of the above exam¬ 
ple that the third term is insignificant and can be ig¬ 
nored. However, suppose that the configuration 
shown in fig. 11 is being used to check out the same 
preamp, using the same mixer and a post-amplifier 
with a measured noise figure of 10 dB. Now the mix¬ 
er is the second stage, so that F 2 = 5.623 , Since, in a 
stage having a gain of less than 1, the noise figure is 
equal to the loss, the converse must be true. There¬ 
fore, the mixer loss ratio is also 5.623, making the 
gain ( G 2 ) the reciprocal of 5.623, or 0.178. The post¬ 
amp noise figure of 10 dB results in F 3 being equal to 
10 (the antilog of 10 divided by 10). In this case, the 
receiver noise figure reading on the noise-figure 
meter is 13.2 dB. Subtracting 6 dB for the loss pad, 
we obtain an actual noise figure (NF S ) of 7.2 dB, or a 
noise factor (F*) of 5.248. 

Again substituting the measured noise factors and 
gain ratios in eq. 12, we arrive at the following: 


Gi = antilog -jg 


12 

antilog yq~ 15.849 


NF } * 10 log 5.248 


5.623- 1 
15.849 


15.849 x .178 


G 2 = antilog = antilog^ = 100 

By rearranging eqs. 10 and 11, and substituting 
the above values. 


NFj= 10 log 



= 10 log 



2.512-1 

15.849 


5.623-1 \ 

15.849x100 ) 


= 10 log (1.841-.095-.003) 

= 10 log 1.743 = 2.41 dB ( 12 ) 


= 10 log (5.248- .292-3.190) 

= 10 log 1.766 = 2.47 dB 

This is approximately the same noise figure as was 
calculated in the previous example, taking into 
account rounded-off numbers. Note that in this case 
the third term of the equation contributes significant¬ 
ly to the overall system noise figure, which leads to 
the conclusion that a low-noise post-amplifier should 
always follow a mixer when there is only one stage of 
amplification ahead of the mixer. If the post-amplifier 
noise figure were reduced to 1.0 dB, the system 
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RECEIVER IMAGE REJECTION (dB) 


fig. 15. Noise-figure error as a function of receiver image 
rejection. 

noise figure would improve from 7.2 to 3.3 dB. To 
paraphrase many textbooks, the calculation of this 
improvement is left as an exercise to the reader. 

An interesting graphical representation of the rela¬ 
tionships expressed in eq. 12 is shown in fig. 12. If 
the various stage noise figures, gains, and losses are 
known in dB, the difference between the system and 
first-stage noise figures can be read as A, directly 
from the curves, which is added to the known first- 
stage noise figure to obtain the system noise figure. 

For instance, let's use the same preamp and mixer, 
and the 1-dB post-amplifier from the preceding ex¬ 
ample. The first-stage gain plus noise figure is 14.4 
dB, and the interstage (mixer) loss plus second-stage 
(post-amplifier) gain is 8.5 dB. The curves of fig. 12 
show that A is 0.9 dB at the intersection of these two 


values. Thus, the system noise figure is equal to the 
preamp noise figure plus 0.9 dB, or 3.3 dB. 

noise-source ENR corrections 

In our discussion of the noise-figure equations 
which govern the operation of automatic noise-figure 
meters, we established that the only variable in eq. 8 
was the ratio and that the ENR term in that 

equation was a fixed value determined by the noise 
source. It follows, therefore, that the noise-figure 
meter calibration must be based on a known or pre¬ 
determined ENR . 

In the case of the AIL noise-figure meters, the 
operating procedures entail calibrating the instru¬ 
ment to the ENR of the noise source. For the AIL 
7006 diode noise source used with the AIL 74A noise- 
figure meter, the ENR is 15.2 + 0.5 dB when the 
diode current is set to 33.1 mA. If a gas-discharge 
noise source is to be used with either the AIL 74A or 
75 noise-figure meter, the instrument is calibrated for 
the ENR of the source at the frequency of measure¬ 
ment. Fig. 13 shows typical values for the AIL noise 
sources and the nominal ENR for the Hewlett-Pack¬ 
ard 349Afor frequencies between 200 and 5000 MHz. 

The meter scales of the Hewlett-Packard 340A, 
340B, and 342A noise-figure meters are based on a 
fixed ENR of 5.2 dB from a diode noise source and a 
fixed ENR of 15.2 dB from a gas-discharge noise 
source. There is no adjustment for other values of 
ENR ; if the noise-source ENR is different from the 
value upon which the calibration is based, a correc¬ 
tion factor must be applied to the noise-figure read¬ 
ing. If the ENR exceeds the noise-figure meter cali¬ 
bration design value, the "excess" ENR must be 
added to the noise-figure readings. If the ENR is less 
than the calibration design value, the difference be- 
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Q NO filters used at input OP output of preamp 



Q FILTER USED ONLY AT OUTPUT OF PREAMP FILTER USED ONLY AT INPUT OF PREAMP 


fig. 16. Simplified test setups for noise-figure measurements, using an untuned pre-amp and bandpass filters. The positions of 
the filters in each test setup are different. All configurations, except that at O, yield valid system noise figures. 
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tween the two values must be subtracted from the 
noise-figure readings. 

An examination of table 2 reveals that the only 
noise sources which match either of the Hewlett- 
Packard design values are the Hewlett-Packard 
343A, only when used below 30 MHz, and the Hew¬ 
lett-Packard 345B, which has little amateur applica¬ 
tion. This means that whenever the 343A is used 
above 30 MHz, the indicated noise figure must be in¬ 
creased by the difference between 5.2 dB and the 
noise-source ENR at the frequency of use. If the 
measurements were being made at 400 MHz, for in¬ 
stance, the indicated noise figure would be too low, 
requiring a corrective addition of 1.1 dB to the meter 
reading. 

Fortunately, in the case of the 343A, there is a sim¬ 
pler method which allows use of the noise-figure 
meter readings without correction. This involves 
reducing the diode current from its specified 3.31- 
mA value to one which maintains a nominally cons¬ 
tant 5.2-dB ENR . Fig. 14 is a plot of the diode 
current versus frequency, which provides this com¬ 
pensation. 

Varying the current in a gas-discharge noise 
source has little effect on its ENR , typically only 
0.005 dB/mA. Therefore, the Hewlett-Packard 
noise-figure meter readings must be corrected if the 
noise-source ENR is not 15.2 dB at the frequency of 
measurement. See fig. 13 to determine the differ¬ 
ence between the ENR and 15.2 dB; remember that 
the difference is added to the noise-figure readings if 
the ENR exceeds 15.2 dB, and is subtracted if the 
ENR l s less than 15.2 dB. 

If measurements are being made with a Hewlett- 
Packard noise-figure meter at one or only a few fre¬ 
quencies, as is the usual case for amateur receivers, 
the need for making corrections to the noise-figure 
readings can be eliminated by the use of a selected 
loss pad. The graduations on the two scales of the 
Hewlett-Packard instrument meters correspond, dif¬ 
fering by exactly 10 dB. Therefore, if the noise- 
source ENR were exactly 15.2 dB, and a precision 
10-dB pad were used between it and the receiver 
under test, the noise figure could be read directly on 
the meter diode scale, which is based on an ENR of 
5.2 dB. Since the noise-source ENR is not 15.2 dB, a 
pad must be selected so that its loss is algebraically 
equal to the difference between 5,2 dB and the ENR 
shown in fig. 13. Thus for the 349A noise source, the 
use of a 10.35-dB pad at 432 MHz, or a 9.5-dB pad at 
220 MHz, will allow direct readout of noise figure on 
the diode scale of the noise-figure meter. 



MEASURED NO/SE. FIGURE (dB) 

fig. 17. Noise-figure corrections, as a function of termina¬ 
tion temperature, for a typical gas-discharge noise source 

{courtesy AIL TECH). 


method of modulation; it refers to the fact that any 
superheterodyne receiver has both a signal and an 
image sideband (channel), and that we are interested 
in measuring the noise figure in only a single (the sig¬ 
nal) sideband. 

The image response of a system consisting of 
wideband amplifiers followed by a heterodyne 
receiver (converter) can be an important factor when 
measuring noise figure. The image-channel signal 
adds to the signal-channel signal and results in a 
measured noise figure which is lower than the true 
noise figure. The noise-figure error is a function of 
the receiver gain at the signal and image frequencies, 
as expressed by the following equation: 


image-response error 

Noise figure, as we have been using the term, is 
more correctly designated as the single-sideband 
noise figure. This has nothing to do with ssb as a 


ErrorNF(dB) = 10 log ^ j (13) 

where G t is the image-channel gain ratio and G s is the 
signal-channel gain ratio. It can be seen that, for 
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fig. 18. Temperature corrections for the Hewlett-Packard 
model 343A VHF Noise Source (courtesy Hewlett-Packard 
Company). 

equal signal- and image-channel gains, the error will 
be equal to 10 log 2, or 3 dB. 

Fig. 15 is a graphical representation of eq. 13, and 
shows the amount by which the measured noise fig¬ 
ure must be increased. It is apparent that the noise- 
figure error is negligible if the receiver image rejection 
is greater than 20 dB. However, the corrections, 
especially when measuring low noise figures, can be 
significant at image rejections under 20 dB, 

Which brings us back to the measurement of low- 
noise preamp noise figure. The prevailing concept in 
the design of low-noise amplifiers is to have untuned 
input and output circuits, and to rely on a separate 
high-Q filter ahead of the preamp to discriminate 
against unwanted signals. This is a valid design con¬ 
cept, but may lead to serious errors in the measure¬ 
ment of noise figure, especially at the aforemen¬ 
tioned vhf/uhf conferences. 

Fig. 16 illustrates, in simplified form, the four pos¬ 
sible configurations of measuring preamp noise fig¬ 
ure, using a receiving converter and a noise-figure 
meter with a 30-MHz input. In the examples shown, 
measurements are to be made at 432 MHz, and both 
the noise source and the preamp are assumed to be 
flat from 372 to 432 MHz. The bandpass filters can be 
of any type — tuned circuits, cavities, stub tuners, 
etc. ----- and may actually be part of the input or out¬ 
put circuits of any of the individual blocks. However, 
the absence of a filter indicates that it does not exist, 
either separately or as a part of any circuit; thus, in 
fig. 16B, the preamp has no filter in either its input or 


output circuit, and the converter has no filter at its 
input. The converter output circuit has no effect 
on this discussion, and is assumed to be tuned to 
30 MHz. 

In fig. 16A, bandpass filters at the input and out¬ 
put of the preamp limit the overall system response 
to 432 MHz. This is the normal communications con¬ 
figuration, and yields valid noise-figure measure¬ 
ments. In fig. 16B, both filters have been eliminated, 
so that the preamp accepts noise inputs from 372 to 
432 MHz and, in addition, contributes its internal 
noise over the same frequency range. Since the con¬ 
verter produces a 30-MHz output from the noise 
power at both 372 and 432 MHz equal to 2N2/2N lf 
the ratio remains the same as from one channel only, 
resulting in a valid noise figure. 

Fig. 16C shows a test configuration in which a fil¬ 
ter is used only between the preamp and the conver¬ 
ter. It can be seen from the frequencies indicated on 
that diagram that only the 432-MHz noise signal 
reaches the converter, so that it too is a valid method 
of measuring noise figure. (It is equivalent to using 
an untuned preamp with a normal, tuned-input con¬ 
verter.) 

In fig. 16D, the filter position has been changed 
from the output to the input of the preamp. Notice 
that in this arrangement the noise input to the pre¬ 
amp is limited to 432 MHz. However, this amplified 
noise plus the internal noise generated by the preamp 
at both 372 and 432 MHz are converted to the 30- 
MHz input of the noise-figure meter. Therefore, the 
noise-figure reading will be erroneous. The conclu¬ 
sions to be drawn from this discussion are that mean¬ 
ingful noise figures will be obtained if no filters are 
used, or if a filter is used following the preamp, but in 
no case should a filter be used ahead of the preamp 
without an equivalent filter at the output. 

temperature error 

In the derivation of the noise-figure equations, T 0 
is equal, by definition, to 290°K and represents the 
noise temperature of the noise source when de-ener¬ 
gized. It is therefore apparent that if the noise source 
is at a temperature other than 290°K (17°C or 
62.6°F), an error will be introduced. Although such 
errors are of relatively small magnitude, especially 
over a limited ambient temperature range, it may be 
necessary to take them into account when measur¬ 
ing very low noise figures. Fig. 17 shows the noise- 
figure correction, as a function of measured noise 
figure and temperature, for a typical gas-discharge 
noise source. It can be seen that if a noise-figure 
measurement of 2.0 dB were made in a room where 
the temperature was 80°F (approximately 27°C or 
300°K), a correction of -0.1 dB should be made. 
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MAXIMUM POSSIBLE METER READ/N6 ERROR - (dB) 


making the corrected noise figure 1.9 dB. Extended 
use of a gas-discharge noise source also raises the 
cold temperature, so that the source should be al¬ 
lowed to cool down to room ambient when accurate 
measurements are required. 

The temperature-correction curves for the Hew¬ 
lett-Packard 343A diode noise source appear in fig. 
18. Since the diode heat will cause the termination 
temperature inside the noise-source housing to be 
somewhat higher than the ambient, this factor 
should be taken into account when establishing a 
corrected noise figure. 

Noise power obeys all power-transfer laws, but 
because noise is random in phase, mismatches cause 
ambiguous errors rather than known power losses. 
Because an automatic noise-figure meter measures 
the ratio N 2 /N lt a mismatch affecting both of these 
powers ha& no effect on accuracy, since the ratio re¬ 
mains unchanged. 

The major consideration in matching involves the 
excess noise power available from the noise source. 
The ENR of any of the noise sources discussed in 
this article, excluding the Hewlett-Packard 345B, is 
based on developing the noise power in a 50-ohm 
resistive load. If the load is not 50 ohms, the ENR will 
be indeterminate. 

The mismatch error must be calculated for each 



MEASURED NOISE FIGURE - (dB) 

fig. 19. Typical errors for several possible conditions of 
mismatch between the noise source and receiver (courtesy 
Hewlett-Packard Company). 


system by considering that noise power follows the 
power-transfer laws. A typical plot of error limits for 
a receiver swr of 2:1 is shown in fig. 19; the actual er¬ 
ror can fall anywhere between the limits indicated. 

transmission-line (insertion loss) error 

This error is a function of the coupling of the gas- 
discharge tube to the helical transmission line (see 
fig. 3) and the attenuation of the transmission line, 
and always reduces the noise-source ENR . In fig. 
13, this error has been taken into account in deter¬ 
mining the excess noise ratios of the AIL noise 
sources. It has not been considered in the ENR curve 
for the Hewlett-Packard 349A, but according to the 
published data, the error is less than 0.25 dB. This is 
well within the ENR tolerances specified in table 2. 

cumulative errors 

If all errors are in decibels, they accumulate addi- 
tively. Therefore, the total possible measurement er¬ 
ror will be the sum of the following: 

1. Noise-figure meter accuracy 

2. Noise-source accuracy, corrected for frequency 

3. Receiver image-response error 

4. Temperature error 

5. Mismatch error 

6. Transmission-line (insertion-loss) error, if a gas- 

discharge noise source is used. 

This is an imposing list, and could total well over 
1.5 dB if all errors were of the same algebraic sign. 
However, many of these errors will cancel because of 
opposite signs, and generally the accuracy of the test 
equipment is far better than the limits of its specifica¬ 
tions. Nevertheless, these possibilities of error are 
very real and cannot be ignored except for compara¬ 
tive measurements using the same equipment at one 
particular time. And even then, the mismatch errors 
between the noise source and the different receivers 
under test still exist. 

summary 

We have seen how automatic noise-figure meas¬ 
urements are accomplished, and have discussed 
their limitations and areas of inaccuracy. We can 
therefore answer the questions posed at the begin¬ 
ning of this article. A difference of 0.2 dB, or even 
0.5 dB, in the noise figures of two different preamps 
measured at two different times on two different test 
setups is meaningless. Furthermore, the accuracies 
of such measurements, especially outside of a labor- 
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atory environment, are subject to rigorous examina¬ 
tion. This is not a criticism of those amateurs who 
spend many hours at vhf/uhf conferences perform¬ 
ing the tests; they know the limitations of their 
methods and equipment. Rather it is meant to warn 
those who accept noise figures as gospel that such is 
not the case. 

The same warning applies equally to the ''typical 
noise figure" specifications on some transistor data 
sheets. Unless an accurately calibrated hot-cold 
noise source is used to determine the noise figure of 
the device (and I personally know of cases where this 
was not done), the published figures may be no more 
accurate than you or I could obtain with surplus 
equipment — caveatemptor. 

The automatic noise-figure meter can also be used 
to measure noise figure by the twice-power or 
K-factor methods. However, since this article was 
intended to cover only the automatic mode of meas¬ 
urement, no attempt has been made to discuss man¬ 
ual operation. Gain measurements may also be 
made, in a clever application described by Paul 
Shuch.il 

I sincerely hope that this article has taken some of 
the mystery out of automatic noise-figure measure¬ 
ments. More important, I hope that it will dispel any 
idea that you know your receiver or preamp noise 
figure to within a tenth of a dB. 

appendix 

To change the input frequency of a Hewlett-Packard noise-figure 
meter, only the frequency-determining circuits in the instrument's 
tuned amplifier need be changed to the desired frequency. If the 
new frequency is relatively close to one already established in the 
instrument, it may be possible to make the change merely by retun¬ 
ing the variable inductors in the tuned circuits. Otherwise, the coils 
will have to be modified or replaced. 

The Hewlett-Packard models 340A and 340B employ a four- 
stage tuned amplifier. The front-panel input frequency switch 
selects one of two coils in each stage of the amplifier. In the stand¬ 
ard models, these coils and their inductance ranges are as follows: 
input 

frequency inductance 

(MHz) model 340A model 340B <^HI 

30 L1,L3, L5, L7 L6, L8, L10, L12 1.2 -1.75 

60 L2, L4, L6, L8 L5. L7, L9, L11 0.27 - 0.41 

Regardless of whether the standard model, having the above in¬ 
put frequencies, or a special model having different input frequen¬ 
cies, is involved, the coil designations will be the same. 

The coils resonate with approximately 20 pF. If the existing coils 
have sufficient inductance range to permit retuning, the procedure 
is simple. Set the METER FUNCTION switch to NOISE FIGURE and 
turn the INF CALIBRATION potentiometer fully clockwise. Then, us 
ing a signal generator, feed an unmodulated signal at the new fre¬ 
quency into the input of the noise-figure meter. Keep the signal 
level low enough so that the meter is never at full scale, and adjust 
the appropriate coils for maximum meter reading. If the meter 
reaches full scale, reduce the input signal before continuing the 
adjustments. 

If new coils are required for the desired input frequency, select 


four adjustable coils whose mid-range inductance will resonate 
with 20 pF at the new frequency. Coils in the Miller 4300 series or 
Cambion 556-3338 series will replace those in the instrument 
without any mechanical modifications. After replacing the existing 
coils in the noise-figure meter with the new ones, retune the 
amplifier as described above. If the new frequency is 30 MHz or 
lower, a 3300-ohm composition resistor can be connected across 
each coil to broaden the amplifier response. 

The Hewlett-Packard model 342A has provisions for five input 
frequencies Instead of switched coils throughout the tuned 
amplifier, a fixed-tuned 30-MHz i-f amplifier is used in conjunction 
with a mixer and local oscillator circuit, which heterodynes four of 
the five input frequencies to 30 MHz. The fifth input frequency is 30 
MHz, which is fed through the mixer with the oscillator disabled. 

In the standard model 342A, the following coils and frequencies 
are used in the mixer-oscillator circuit: 


input 



oscillator 

frequency 



frequency 

(MHz) 

mixer coil 

oscillator coil 

(MHz) 

30 


(100 ohm resistor) 

_ 

60 

L10 10.32- 0.55fiH) 

L14 (0.156 0.228^H) 

90 

70 

L9 (0,32 - 0.465/iH) 

LI 3 (0.156 0.228^H) 

100 

105 

L8 (0.156 - 0.228^1 

L12(0.32 - 0.465mH) 

75 

200 

L7 <0.0392 0.0412,iH) 

Li 1 (0.057 - 0.063 /jH) 

170 


Special versions of the 342A will have one or more input frequen¬ 
cies which differ from those listed above. Therefore the coil 
inductances may also be different, but the designations will be 
the same. 

To change any of the input frequencies except the 30-MHz in¬ 
put, either retune the coils associated with the input switch posi¬ 
tion to be changed, or use new adjustable coils whose mid-range 
inductance will resonate with 14 pF at the required frequencies. 
The mixer coil obviously must be tuned to the input frequency. The 
oscillator coil must be tuned to a frequency which is 30 MHz above 
or below the input frequency; be sure that the oscillator frequency 
and its harmonics are well removed from the 30-MHz intermediate 
frequency. 

Set the local oscillator on frequency by means of a frequency 
counter or a dip oscillator. Then adjust the oscillator and mixer coils 
(but not the coils in the i-f stages) as previously described for the 
model 340A or 340B, using a signal generator at the new input fre¬ 
quency. 
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electronic 

teleprinter keyboard 


This novel 
electronic keyboard 
uses toroids 
and a pulse generator 
to create the 
correct mark/space coding 


This project grew out of a desire to design an elec¬ 
tronic Teletype keyboard which would permit handi¬ 
capped people to communicate with others, I took 
an initial design suggested by Ed Brown, W0EPV, 
determined that it was feasible, and developed the 
circuit shown in this article. The keyboard itself 
would generally have to be custom designed for each 
particular individual; for amateur use any surplus 
keyboard with a simple, closing-type contact will be 
sufficient. 

circuit description 

The heart of the circuit is a set of eight shift regis¬ 
ters, composed of four 7474 ICs (see fig. 1). During 
static conditions, the Q outputs of the shift registers 
are all high, forcing the 7430 NAND gate low. This 
low disables the clock, while also enabling the pulse 
generator. When a particular key is actuated (key line 
taken low), the pulse generator is discharged 
through the respective cores. For example, if the Y 
line went low, the pulse generator would be dis¬ 
charged through cores T1, T3, T5, T6 and T7. The 
pulse from each core sets its respective shift register, 
causing the Q output to go low. Now that one of the 
inputs of the 7430 has been driven low, its output will 
change states, both enabling the clock and disabling 
the pulse generator. 

Prior to the change in the 7430, the magnet driver 
was held in a mark condition by the action of U2. 


By L. A. Stapp. W0PHY, 2903 Ash Street, 
Hays, Kansas 67601 
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With both inputs to U2A now low, U2 pin 8 will go 
high, forcing the magnet driver into the space condi¬ 
tion. Since the clock has now been enabled, it will 
put out a pulse after 21 ms, moving the contents of 
the shift register down one increment. Each low 
state, on the Qo line, will create a mark , while a high 
forms a space . 

With the clock free running, as long as there is a 
low into U1, the shift register will receive pulses and 
move the data one increment for each clock pulse. 
After 8 shift operations, the registers will be clear and 
their high outputs will cause U1 to change states 
again, completing the character. 

construction 

Building this electronic keyboard is extremely 
straight-forward with the use of TTL circuitry.* 
Before operation, R5 should be adjusted with U1 pin 
8 high, to provide 1.6 volts on pin 6 of the NE555. If 


LOOP CURRENT 



fig. 2. This power supply will provide voltages for both the 
keyboard plus the Teletype loop. The transformer is a 
Stancor 8626. 


the keyboard is to be used at 60 words per minute, 
R1 should be adjusted so the 555 oscillates at 45 Hz; 
for 75 words per minute, use 61 Hz. 


*A copy of the circuit board layout and parts placement diagram is available 
by sending a self-addressed, stamped envelope to ham radio, Greenville, 
New Hampshire 03048. 


ham radio 



PULSE generator 


K 




fig. 1. Schematic diagram of the electronic keyboard. Each toroid is an Indiana General CF-102, 0-6, wound with a 10-turn 
primary. The wires from the pulse generator are fed through the appropriate core to form the mark periods for each character. 
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improved grounding 

for the 

1296-MHz microstrip filter 


Construction techniques 
for improving 
the performance 
of the three-pole 
1296 -MHz bandpass 
microstripline filter 

The 1296-MHz microstripline bandpass filter I 
discussed in a previous article has allowed dozens of 
uhf experimenters to “clean up their act" on the 23- 
cm bandj As shown in fig. 1, the filter consisted of 
three top-coupled parallel-resonant circuits with 
grounded microstripline inductors. The filter is easy 
to assemble and tune, but several amateurs who 
have built it experienced difficulties caused by erratic 
stripline grounding. The new design presented here 
eliminates those difficulties and provides lower inser¬ 
tion loss and steeper skirts that will not tend to 
degrade as the filter is used. 


The grounding of the microstriplines in the original 
design was accomplished by wrapping a thin brass or 
copper strap around the edge of the PC board, sol¬ 
dering it to the stripline on one side of the board and 
the groundplane on the other. Although this method 
of grounding worked well in the prototypes, the 
stripline inductance is a function of the placement of 
the grounding strap. Furthermore, the strap's place¬ 
ment on the edge of the board makes it extremely 
susceptible to physical damage, especially when 
installing or removing the filter board from its box. A 
third difficulty with wraparound grounding is that it 
forces the end of the microstripline inductor to ex¬ 
tend to the edge of the board, where stray coupling 
can cause the tuning of the filter to change when the 
unit is placed inside an enclosure. 

All of these difficulties can be easily eliminated by 
placing the grounded end of the microstripline induc¬ 
tors somewhat away from the edge of the board and 
drilling through the board for the installation of a 
grounding wire or post. With the ground connection 
running through (rather than around) the board, its 
mechanical integrity is assured, and the groundstrap 
inductance is more nearly constant from one filter to 
the next, especially if the diameter of the grounding 
wire or post is specified. 


By H. Paul Shuch, IM6TX, Microcomm, 14908 
Sandy Lane, San Jose, California 95124 
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Although a short length of number 18 (1.0 mm) 
tinned copper wire makes an acceptable through- 
board ground connection, maximum grounding ef¬ 
fectiveness and mechanical integrity, I have found, 
can be achieved by installing small electronic eyelets 
through the board, setting them with a press, and 
soldering both sides. The eyelets I use are made of 
thin brass, measuring 0.47 inch (1.2 mm) diameter by 
0.093 inch (2.5 mm) long. They look something like 
tiny rivets. The eyelets are available from a number of 
vendors* and can be easily set using a center-punch 
(or sharp nail) and hammer. 

grounding the trimmer capacitors 

Another area of difficulty encountered by several 
readers is the grounding of the piston trimmer capa¬ 
citors. The capacitors I originally used were designed 
for chassis mounting, so it was necessary to modify 



Cl - C3 1.5-pF ceramic piston trimmer (Triko 202-08M or 
equivalent) 

C c Stray coupling capacitance between stator ends of 
trimmer capacitors 

J1,J2 SMA or equivalent microstripline launchers (E.F. 
Johnson 142-0298-001 or similar) 

LI, L2, Microstripline inductor. 0.5"(13 mm) long, 0.1"(2.5 mm) 
L3 wide, spaced 0.3" (7.5 mm) center to center. Bottom 
ends strapped to ground plane with thin copper strap 
XI, X2 50-ohm microstripline, 0.1" (2.5 mm) wide, any length. 
Centerline tapped to LI and L2 0.2" (5 mm) from 
grounded end 

fig. 1. Three-pole microstripline bandpass filter, 
which will tune the range from 1100 to 1500 MHz. 
Full-size printed-circuit layout for this filter is 
shown in fig. 2. 


them for circuit-board use by adding a bus-wire loop 
around the terminal nearest the adjusting screw (see 
fig. 4 of reference 1). It would have been better to 
use a trimmer specifically designed for PC use, with 
legs installed for grounding the rotor end through the 
circuit board. One such capacitor is the R-Triko 202- 


"One acceptable eyelet is part number F-4793-B. available from Internation¬ 
al Eyelets, Inc., 528 Santa Barbara Street, Santa Barbara, CA 93101. 



fig. 2. Full-size printed-circuit layout for the three- 
pole 1296-MHz bandpass filter. Etched on double- 
clad 1/16" (1.5 mm) fiberglass-epoxy circuit board; 
the unetched side serves as a ground plane. 

08M, a German ceramic piston trimmer available in 
the required 1-to-5-pF range.* I find filters using this 
capacitor easier to tune up, although l caution the 
builder against repeated adjustments because the 
tuning mechanism loses spring tension and becomes 
erratic after a couple dozen adjustments. The best 
procedure is to set the filter on frequency once , and 
then place a dot of nail polish, epoxy paint, or Loctite 
on the tuning screw as a reminder to leave it alonel 

assembling the modified filter 

Fig. 2 is a full-size printed circuit layout for the 3- 
pole bandpass filter, modified for through-board 
grounding. The board should be etched from double- 
clad 1/16-inch (1.5-mm) fiberglass-epoxy printed-cir¬ 
cuit stock, with one side left unetched to serve as a 
ground plane. The board should be drilled in the 
same manner as the template in fig. 3 and the three 
eyelets installed at the bottom end of the microstrip¬ 
lines. t Don't forget to remove a bit of ground plane 
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fig. 3. Full-size drilling template for the bandpass 
filter board. 


’These capacitors are available in the United States through Stettner- 
Trush, Inc., 67 Albany Street, Cazenovia, NY 13035. 

tCompletely etched, drilled, and plated printed circuit boards, with the 
three eyelets installed, are available for $4.50 postpaid within the U.S. and 
Canada. $5.00 elsewhere, from Microcomm. 14908 Sandy Lane, San Jose, 
CA 95124 Completely assembled, tuned, and tested filters are also avail¬ 
able. Send a stamped, self-addressed envelope for details. 
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fig. 4. Effect of the bandpass filter on a 1296-MHz local 
oscillator chain. Spectrum display at top shows the various 
spurious outputs of a poorly designed LO. Spectrum at bot¬ 
tom is the result of passing the LO signal through a three- 
pole bandpass filter of fig. 1. The worst remaining spurious 
component is suppressed 25 dB. (Both displays: dc -1.8 GHz 
sweep; horizontal scale, 200 MHz/division; vertical scale, 5 
dB/division.) 

metallization from around the center-pin holes for the 
input and output coaxial connectors so the signal 
isn't grounded out. A 1/8-inch (3-mm) twist drill, 
used as a deburring tool, works well for this oper¬ 
ation. 

Connectors J1 and J2 are installed next, soldering 
the center pin to the input and output mlcrostrip- 
lines, and running a bead of solder around the con¬ 
nector body on the ground-plane side of the board. 
The trimmer capacitors are installed last. If you use 
the recommended Triko trimmer, be sure to bend the 
two mounting legs nearest the adjusting screw down 
against the ground plane before soldering. The 
photograph of the completed filter will assist you in 
assembly. 

filter performance 

Reference 1 included a swept response curve for 
the original bandpass filter, as measured on a net¬ 


work analyzer. The response curve for the modified 
filter design shows slightly reduced insertion loss (on 
the order of 0,5 dB) and slightly steeper skirts. Per¬ 
haps the most realistic indication of filter perform¬ 
ance is not its swept response, but the filter's 
behavior in an actual system. Fig. 4 shows the effect 
of installing the bandpass filter behind an extremely 
spurious local oscillator chain. Note that the numer¬ 
ous spurious components are all significantly sup¬ 
pressed, with the worst remaining spur reduced from 
-5 dB to about -25 dB, relative to the desired 
output. 

Fig. 5 shows the results when the filter is used to 
clean up the output of a previously published trans¬ 
mit balanced mixer.2 Notice that the i-f feedthrough 
signal and its harmonics, the LO feedthrough, the 

fig. 5. Effect of the three-pole bandpass filter on the output 
of a 1296-MHz transmit mixer. Spectrum display at top 
shows the output from a singly balanced diode mixer; visi¬ 
ble spurious components include the desired signal and 
image, some LO feedthrough, a very strong component of 
the i-f injection, and its second and third harmonics, and 
transmit intermods (resulting from these harmonics mixing 
with the LO signal). With the three-pole bandpass filter 
installed in the system, the spectrum (bottom photo) shows 
that all spurious outputs have been attenuated by more 
than 25 dB. (Both displays: dc - 1.8 GHz sweep; horizontal 
scale, 200 (VIHz/division; vertical scale, 5 dB/division.) 
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Cl 1 -9 pF piston trimmer {Triko 203-09M or equivalent) 

C2, C3 1 -5 pF pistion trimmer (Triko 201 -01M or equivalent) 
CRT Step recovery diode (H-P 5082-0180) 


J1, J2 SMA coaxial connector {E.F. Johnson 142-0298-001 
or similar) 

LI, L2 Microstripline inductors (see fig. 2) 


fig. 6. Circuit and construction details for a local-oscillator multiplier which provides 0.5 mW at 1200 MHz from a 5-mW 400- 
MHz drive signal. This circuit uses the same printed-circuit layout as the bandpass filter (see fig. 2). Output spectrum of this 
circuit is shown in fig. 7. 


image signal, and the intermodulation products are 
all suppressed below the dynamic range of the spec¬ 
trum analyzer, 

local-oscillator multiplier 

In a previous article l described a diode multiplier 
for developing local-oscillator injection for a 1296- 
MHz converter. 3 As this multiplier used a microstrip- 
line output filter, it seemed reasonable to assemble a 
similar multiplier on the bandpass filter PC board, 
thus allowing one PC artwork to do the job of two. 
The circuit, which makes a rather nice low-level trip¬ 
les is shown in fig. 6. Note that the microstripline 
previously associated with the first filter pole is now 
used to support the multiplier diode and its input 
matching circuit. Do not install a grounding eyelet on 
this first stripline if you are building the multiplier! 
The other two filtering poles help reject the many 
other harmonic components generated by the step- 

fig. 7. Output spectrum of the 400-MHz to 1200-MHz LO 
multiplier. Note that the tripler circuit provides some degree 
of filtering of the 400-, 800-, and 1600-MHz components from 
the step recovery diode. 



recovery diode, as shown in the spectrum analyzer 
display of fig. 7. When driven by the 5-to-10 mW sig¬ 
nal from my uhf LO chain, this multiplier provides 
about 0.5 mW of third-harmonic output. This power 
level can be easily buffered in a 1296-MHz preamp, 4 
applied to a 3-pole filter for additional spurious rejec¬ 
tion, and used to drive the LO port of a transmit or 
receive balanced mixer. 

I should point out that the circuit of fig. 6 provides 
no dc return for the anode side of the multiplier 
diode. A dc return is necessary for the diode to prop¬ 
erly develop self-bias; in my system this dc path is 
provided at the output of the uhf LO. If the driving 
stage does not offer dc continuity to ground, it will 
be necessary to install a dc return circuit on the multi¬ 
plier board. This can be most readily accomplished 
by adding a small (0.33-^H) rf choke to ground at the 
location normally occupied by the first trimmer 
capacitor when this board is used as a filter. 

summary 

The printed-circuit layout can be used to fabricate 
high-quality bandpass filters and diode multipliers for 
the amateur 23-cm band. The designs are based 
upon previous articles, but the addition of through- 
board eyelet grounding significantly improves per¬ 
formance and reliability. Further details on construc¬ 
tion, tune-up and testing, and system application are 
discussed in reference 1. 

references 

1. H. Paul Shuch, WA6UAM, "Mierostripline Bandpass Filters for 1296 
MHz.’' ham radio, December, 1975, page 46. 

2. H. Paul Shuch, WAGUAM, '"Rat-race Balanced Mixer for 1296 MHz," 
ham radio, July. 1977, page 33. 

3. H. Paul Shuch, WAGUAM. "Easy-to-build SSB Transceiver for 1296 
MHz, " ham radio, September, 1974, page 8. 

4. H. Paul Shuch, WA6UAM, '‘Low-cost 1296-MHz Preamplifier," ham 
radio . October. 1975, page 42. 
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simple scope monitor 


forvhf fm 


In the dark 
about those signal reports 
on two meters? 
This easy monitoring system 

pays off in 
increased versatility 

Adding an inexpensive oscilloscope to your fm 
transceiver will make your base station much more 
versatile. You'll have a signal monitor capable of 
measuring ( + 0- } carrier frequency, peak-deviation 
modulation, per cent noise quieting, and Touch- 
Tone signal levels. You'll be able to tweak transmit 
crystals in other rigs (great for netting CD-MARS 
members on frequency) and much more. Now blow 
the dust off your old scope and put it to good use — 
or give the test scope a dual function, as I did. 

fm signal reports 

How often have you heard, "You're 40 per cent 
quieting but Q5 copy," and wondered how the op¬ 
erator on the other end arrived at the 40 per cent 
figure? He must have been good at guessing, had a 
super trained ear, or maybe trying to be friendly. 

When I became interested in two-meter fm I was 
very much confused with per cent quieting signal re¬ 
ports (especially if I had to give one). The transceiver 
I used was an ICOM IC20 and it did have a relative 
strength S-meter. While working simplex, whatever 
the meter indicated would be the report I gave. How¬ 
ever, working through repeaters presented a whole 
new ball game. Unlike simplex, repeaters may come 
slamming into your location, but the signal on the in¬ 
put side may be quite weak. Under such circum¬ 
stances the S-meter reading is invalid for a report, 


but a monitor scope would immediately show the 
per cent noise quieting into the machine. One day 
while working on a circuit and using my old EICO 
model 460 scope, I saw the light for a per cent quiet¬ 
ing indicator. 

operation 

After examining the IC20 schematic for a good sig¬ 
nal pickoff point, I decided the best place would be 
at the output of :he discriminator stage (at TP3) and 
ahead of the audio control circuit (see fig. 1). 


TP3 



fig. 1. Pickoff point in a typical amateur 2-meter transceiver for 
connecting a monitor scope. In this case it's at TP3 in the 
popular (COM model IC20. The pickoff point should be made at 
the receiver discriminator output, but ahead of the audio con¬ 
trol circuit. 

Several advantages would be obtained by doing 
this: 1) I'd see the noise figure as it appeared, un¬ 
affected by audio and squelch-control settings; 2) 

I'd see peak deviation (modulation); 3) by connect¬ 
ing directly from the discriminator output to my 
scope's dc vertical input I'd be able to measure the 
dc voltage produced by the received-signal carrier. 
Most fm transceivers (or receivers) have a test point 
at the location mentioned for alignment purposes. 
Your manual or schematic should indicate if this 
point is available. 

connection 

Modification and wiring of the transceiver was 
simple (fig. 1). Connection to the outside world was 
made using a small-diameter, single-conductor, 
shielded cable from the discriminator circuit to a 

By Ed Spadoni, W1RHIM, 91 Tower Street, 
Dedham, Massachusetts 02026 
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rear-panel-mounted phono connector (Radio Shack 
No. 274-346) designated J4 in fig. 1 . The shield was 
wired to J4 ground lug only. Next my scope was 
connected through a suitable length of shielded 
cable, with a male phono plug on the end, to mate 
with J4. 

calibration 

Scope control settings will vary depending on the 
types of scope used. My El CO 460 control settings 
were as follows; Vertical attenuator in the DC-X1 
position, horizontal sweep at 100 Hz, and sync on 
INTERNAL. With the transceiver tuned to an inactive 
channel, adjust the vertical gain for 51 mm (2 in.) 
p-p noise level (fig. 2). The noise as seen on the 
scope indicates the total passband of the rig's receiv¬ 
ing section. My IC20 has a passband of better than 
16 kHz, which allows me to see signals ± 8 kHz from 
the passband center with reasonable accuracy. At 
present I can read 1 kHz = 2.5-mm or 0.1-in. division 
on the scope with good linearity to ± 8 kHz. 

It's essential to have your receiver properly aligned 
and your receiving crystals adjusted to the passband 
center. If you're synthesized, be sure the receive 
oscillator is also properly adjusted. I've found that a 
very convenient frequency reference source is a re¬ 
peater output signal. By tuning in several machines 
you can see if things are properly adjusted by noting 
if the repeater signals are located in the passband 
center. If not, a little trimming must be done. 

Working someone with a synthesized or vfo rig 
can prove very helpful in determining the linear por¬ 
tion of your receiver and its frequency limits. After 
determining the useful reading range of your trans¬ 
ceiver-scope combination, you should be able to 
read signals to ± 1 kHz of your receiver passband 
center. 

using your scope 

Here are some samples of the more important 
waveforms observed while monitoring both simplex 
and repeater signals. 



fig. 2. Scope presentation for calibration. Peak-to-peak noise 
should occupy the entire scope face, which represents the 
total passband of the receiver on noise. 


1. 100 per cent noise quieting signal, either simplex 
or repeater, with a pause in modulation: 


i 



{SCOPE BASELINE) REF 


2. 50 per cent noise quieting signal, either simplex 
or repeater, with a pause in modulation: 


50V. NOISE QUIETING 


3. Normal signal showing deviation (modulation). 
Most transceivers and repeaters have their deviation 
set for a nominal peak of 5 kHz: 


o 







51mm (2 IN.) 
REF 


(TYPICAL FM DEVIATION) 


EACH 2.5mm tO.t IN.) ON VERTICAL SCALE EQUALS IkHr 

4. 100 per cent quieting repeater signal received at 
your location with a weak and noisy input signal. 
Horizontal sweep adjusted for expanded one or two 
speech waveforms: 



(SPEECH WAVEFORM EXPANDEDI 



5. Repeaters normally produce equal swings of de¬ 
viation, in both up and down directions, with most 
input signals. If a new station comes into the ma¬ 
chine and produces the pattern shown below, this 
means that the new signal's carrier frequency is off 
and higher than the repeater passband center. The 
opposite would be true with a low-frequency carrier 
signal into the machine: 
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6. Hum accompanying signal. Frequency and ratio 
of hum to modulation can be determined. Hum fre¬ 
quency is referenced to 60 Hz. 



7. Power supply whine accompanying the received- 
signal carrier has a constant amplitude and fre¬ 
quency. Mobile alternator whine is similar, except 
the amplitude and frequency will change as the ve¬ 
hicle is accelerated or decelerated. Whine appears as 
a high-frequency modulated carrier with or without 
voice modulation: 



8 . Upper-channel interference from a strong simplex 
or repeater station. Many hams have experienced 
this condition and termed it (in error) intermodula¬ 
tion. Lower-channel interference is similar, except 
that the baseline would appear on the lower side of 
the passband with audio transients shooting upward: 



9. Checking and adjusting Touch-Tone signals. 
Preferably, use a simplex channel and have the op¬ 
erator close-talk into the microphone at a normal 
voice level. (Note the peak deviation.) Next, have 
the operator switch in the TTP, push buttons 1 and 
2 or 1 and 4, and observe the peak amplitude. Peak 
deviation and amplitude should be the same for both; 
if not, adjust TTP output level. Then have the opera¬ 
tor push all buttons to see if all levels are the same. 
When a single button is pressed a dual frequency is 
generated and is a normal function for a TTP, as 
shown below. Each button produces its own set of 
different frequencies: 



10. Frequency measuring. Using a scope with your 
transceiver gives you a limited-range frequency 
meter, allowing you to read up to ±8 kHz per chan¬ 
nel on 2 meters. The range is restricted only by the 
passband capability of your transceiver. 



final comments 

You can leave the scope in the circuit without 
affecting transceiver performance. If you have sepa¬ 
rate receive-transmit capability, the scope can also 
be used to monitor your own transmitted signal. The 
waveforms illustrated are those most often encoun¬ 
tered and are therefore the most important. 

Scopes aren't difficult to come by. Try surplus 
houses, auctions, or build one from a kit. A monitor 
scope beats the cost of frequency counters and 
you see much more. Making this simple modification 
to your radio and adding a scope will allow you to 
keep watch over other rigs (your hand-held; repeater 
output), especially the transmitted signals. The com¬ 
bination becomes unbeatable when used with syn¬ 
thesized transceivers or those with±5-kHz offset or 
with transceivers having a VFO and 1-kHz readout. 

ham radio 
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single-tone decoder 


forvhf fm 


Design and construction 
of a false-free device 
using a single tone 
to alert you 
on two-meter fm 

A single-tone decoder is adequate for many appli¬ 
cations on vhf fm, but very little practical information 
on these devices has been published. Several years 
ago K20AW described the use of a 741 op amp as a 
carrier-operated relay (COR) and tone decoder, 1 but I 
didn't know what a COR was at that time. So I read 
the part about the tone decoder, and within 15 min¬ 
utes I was at the junk box struggling to put a reason¬ 
able fascimile together to see whether or not all that 
was claimed for this circuit was true. The claims were 
that the decoder would not trigger on noise, speech, 
or even singing but would activate immediately in 
response to the chosen tone. Beyond that, the de¬ 
coder bandwidth was not supposed to get any 
broader as the input amplitude increased. Also, the 
decoder was not supposed to trigger on the selected 
tone if that tone were accompanied by any other 
tone or noise. 

This article describes a single-tone decoder with 
hints on how to set it up. It has the advantage of be¬ 
ing free from falsing while coming on quickly enough 
to stop a scanner on the frequency where the tone 
was transmitted. An appropriate encoder, small 
enough to fit in most hand-held transceivers, is also 
described. 


In those days I had two CB hand-held transceivers 
with built-in tone encoders for mutual noise making 
on 11 meters. I wanted to use the decoder (if it work¬ 
ed) with these units. Fortunately I had all I needed on 
hand to make the circuit on a perf board. When I was 
finished, lo and behold, it worked! It was so selective 
that it wouldn't false, even on channel 11 with the 
band open; when my tone came through, the decod¬ 
er came right on. 

I put it all together in a box with a speaker and 
some jacks and used it that way for several years un¬ 
til I got on 2-meter fm. I then discovered some prob¬ 
lems and shortcomings that needed solutions. Over 
the years I came up with a modified circuit that filled 
my needs and has been working well ever since. Be¬ 
fore going any further, let me explain why I used a 
single-tone decoder rather than Touch Tones, se¬ 
quential tones, or some other type of selective de¬ 
coding device. It's not really the decoder but the en¬ 
coder that makes the difference. A stable, single¬ 
tone encoder can be easily and inexpensively built to 
fit into a hand-held transceiver, and that's exactly 
what I did. 

operation 

The radio is on at all times and tuned to a repeater 
frequency, but a relay directs the audio to a 10-ohm, 
2-watt resistor and the decoder input. When the de¬ 
sired tone is received the audio is directed through a 
7-second timer to both a local and an extension 
speaker. (The extension speaker, in my case, is lo¬ 
cated in the kitchen.) After seven seconds the unit 
resets, and the audio is removed from the speakers. 
My wife (the technician in the house) then goes to 
the shack and operates a toggle switch that defeats 
the decoder, disconnects the extension speaker, and 
supplies the audio at a conversational level to the 

By Steve S. Kraman, MD, WA2UMY, 2901B 
Candlelight Way, Lexington, Kentucky 40502 
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fig. 1. Original circuit of the single-tone decoder, which 
forms the basis of the modified system. {From 73. July, 
1972.) 


local speaker. After two-way communications are 
completed, the same switch returns the unit to nor¬ 
mal operations. Nothing need be disconnected from 
the rig at any time. 

The original circuit is reproduced here (fig. 1) to 
demonstrate its operation. I'll dispense with a detail¬ 
ed description of how the decoder works. Briefly, the 
incoming signal is separated into two components — 
the desired component and all others. The two volt¬ 
ages so derived are rectified and fed respectively to 
the positive and negative inputs of the 741 op amp. 
The voltage at the positive input must exceed that at 
the negative input for the 741 to turn on. The band¬ 
width is set by R7, which determines the op amp 
bias. (A complete description of the circuit can be 
found in the original article.) 1 

modified decoder 

Fig. 2 shows the modified circuit. Cl, the fre¬ 
quency-determining capacitor, is replaced by seven 


capacitors and a seven-pole, single-throw switch on 
a 14-pin DIP. (This is only a convenience to allow 
easy frequency change.) 

choosing capacitors 

Be sure to use only NPO capacitors for Cl; that is, 
capacitors whose values do not change with tem¬ 
perature, otherwise you may find, as I did, that on 
warm or cool days the decoder will not respond to 
your tone. A drift of only a few hertz can prevent the 
decoder from working. If you're not sure of your 
capacitors but have access to a capacitance bridge, 
connect the chosen capacitor across the bridge, take 
a reading, and then cool the capacitor with freeze 
mist and take a second reading. If the change is more 
than slight (say about 10 per cent), don't use it. 
You'll find that most disk ceramics will change value 
by as much as 50 per cent under these conditions. 
Mylar or tantalum capacitors are usually good. 

My unit is set up to decode frequencies between 
300-600 Hz using a 150-^H toroid; an 88-^H toroid, 
as originally described, is fine. Experiment with val¬ 
ues of Cl to see where you are and work up or down 
from there. If you have a low-band rig, connect the 
audio output to the decoder and use the crystal cali¬ 
brator to generate a test signal. Of course, an audio 
signal generator may be used, but remember that 
the amplitude must be similar to that of an audio 
power amplifier since these are the conditions under 
which the decoder was designed to work. 

adjustment and tests 

If the decoder doesn't operate at first, test the fre¬ 
quency determining components by placing a dc 
voltmeter across the 741 positive and negative in¬ 
puts. Sweep an audio-frequency generator over as 



fig. 2. Modified decoder featuring easy frequency change using 7 NPO capacitors and a 7-pole, single-throw switch on a 14-pin 
dual in-line package. Unit decodes frequencies from 300-600 Hz. The universal 741 op amp does the work; bandwidth is set by 
resistor R7. 
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wide a band as possible. The voltage will peak at one 
frequency and remain negative at all others. Play 
around with the bandwidth while you are doing this. 

, The 555 timer is set to keep the speakers on for 
about seven seconds, but you can substitute a pot 
for R2 to give different lengths of time. 

The meter across K1 is used to adjust the encoder 
to the decoder frequency. The meter will read high¬ 
est at the decoder's most sensitive frequency. The 
meter is also useful for quick checks and adjust¬ 
ments. Almost any sensitive meter can be used with 
the appropriate series resistor to keep it in range. I 
used a tape recorder VU meter. 

encoder 

I tried several circuits as an encoder, but by far the 
best is the "Twin-T Oscillator" taken from the Radio 
Amateur's VHP Manual. While the output ampli¬ 
tude is low and must be fed into the transmitter mike 
input, the frequency is completely independent of 
the supply voltage over its operating range. When 
NPO capacitors are used, a very stable source of os¬ 
cillation results, which is mandatory if the encoder- 
decorder pair are to work reliably. It's best to set up 
the encoder with an oscilloscope to try to achieve a 
near-perfect sine wave. Other waveforms contain 
harmonics, which will tend to desensitize the de¬ 
coder. Keep this in mind when you operate through 
a repeater. The repeater's audio shaping, or your 
own overdeviation, may cause tone distortion. 

suggested improvements 

This unit has worked well for several years, but, 
for still further usefulness, the following may be 
done. A scanning board can be added to the receiver 
and connected so that the decoder, when coming 
on, will inhibit the scanner and lock the receiver onto 
the tone frequency. This may be accomplished by a 
second 555 timer set to lock on for about one min¬ 
ute. The manual defeat switch would also inhibit the 
scanner. This setup will allow you to use whichever 
repeater or simplex frequency is most convenient at 
the time, especially if your favorite repeater happens 
to be down just when you want to make the call. The 
decoder can be used in this way because it triggers 
almost instantly on the appropriate tone. Other sin¬ 
gle-tone decoders using the 567 chip require a pro¬ 
longed tone to achieve freedom from falsing. A scan¬ 
ner would pass by too fast to decode the tone in this 
case. Other modifications will come to mind I'm sure. 

I hope you find this project useful and fun. 

reference 

1. Peter Stark, K20AW, ”741 Op Amp COR and Tone Decoder Circuits,” 
73 . July, 1972, page 83. 

ham radio 
















electronic bias switching 


for the 
Henry 2K4 and 3KA 
linear amplifiers 

Easy modifications 
you can make 
to these popular linears 
to increase efficiency 
in CW and ssb modes 

Two excellent articles have appeared in the ama¬ 
teur literature dealing with electronic bias switching 
(EBS) for high-power linear amplifiers.1» 2 Why elec¬ 
tronic bias switching? It's a great saver of tube life. It 
reduces tube dissipation, ambient noise, and your 
power bill. EBS, in general, is a way to make your 
amplifier operate more efficiently in whatever mode 
you choose, ssb or CW. 

The EBS method described here may be used by 
those amateurs interested in CW only operation or by 
those using ssb with or without signal processing. 
Using the basic circuits described in references 1 and 
2, a very efficient EBS circuit can be built into the 
popular Henry 2K4 or 3KA linear amplifier. The cir¬ 
cuit can be adapted to your home-brew linear with a 
little ingenuity. 

Henry rf decks 

First of all, for those not knowing it, the rf decks in 
the 2K4 and the 3KA amplifiers are almost identical. 
The only difference is the use of wider-spaced load¬ 
ing variable capacitors in the 3KA (two 350 pF in¬ 
stead of two 500 pF, plus three additional 100-pF, 5- 


kV doorknob fixed capacitors). A 2K4 rf deck can 
easily be modified to a 3KA rf deck by simply chang¬ 
ing these components. Of course, the 3KA uses 
higher plate voltage (3.6 instead of 2.8 kV). A 2K4 
can be driven to 2 kW PEP with 100 watts rf, while 
the 3KA needs at least 150 watts of rf drive to run at 
its full rated output. 

The EBS circuit will not be dealt with in detail. The 
referenced articles discuss the principles of operation 
of the circuit. The circuit components can be mount¬ 
ed on the aluminum panel covering the compartment 
that houses the swr bridge, zener diode, etc. 



FILAMENT 


fig. 1. The bias and transmit-receive switching circuits in the 
Henry 2K4/3KA linear amplifiers. Dashed line (upper right) 
shows a 50k resistor added to the circuit through a + 50-100- 
volt power supply to effect complete amplifier cutoff during 
receive mode. 

Fig. 1 shows the original bias plus transmit/receive 
switching circuit as used in the 2K4 and 3KA ampli¬ 
fiers. During receive, R21 is switched into the cath¬ 
ode circuit, whereby the tube is biased to a point very 
near cutoff. Simply adding a 50-k resistor (fig. 1 ) and 
connecting it to a + 100-volt supply (50-150 V) will 
improve the circuit; the tube will then be completely 
cut off during reception (-h 100 volts on the cathode). 


By Michael James, W1CBY 
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improved bias circuit 

Fig. 2 shows the EBS circuit as developed 
especially for the 2K4 and 3KA linears. R1 through 
R4 are well over-dimensioned resistors (in wattage), 
where a parallel combination is used for added safety 
(if one resistor opens, the system will still function on 
the remaining resistor). These resistors can be 
mounted on the bottom side of the cover plate. The 
Darlington transistor and the thyristor can be bolted 


dition; that is, without the EBS circuit. It also allows 
you to check tube idling current. 

operation on ssb 

Using signal processing. One general disadvan¬ 
tage of running a great amount of clipping (10-20 dB) 
is the objectionable background noise that may oc¬ 
cur between words, especially if you have some 
noisy fans or if room acoustics are not the best. 

First it's essential that, when using speech proces- 





fig. 2. The electronic bias system circuit that can be added to the Henry 2K4/3KA linear amplifiers — an 
easy way to improve operation on CW or on ssb modes with or without signal processing. 


to the plate using mica washers. All other compo¬ 
nents should be wired point-to-point on wiring strips. 
The rf choke (2.5 mH) in the integrator circuit be¬ 
tween the Darlington transistor collector and base 
was necessary to prevent rf from getting into the 
base circuit and being rectified. This was the case 
with one particular unit in which the circuit func¬ 
tioned even without rf applied to the diode rectifier 
from the exciter input. Installing the rf choke cured 
the problem. 

operation on cw 

If you're a CW-only man, the time constants on 
the make and break side of the switch can be made 
much shorter. Change the 0.47-/iF capacitor to 
0.047-/iF and the 20-nF to 2 nF. This will turn the am¬ 
plifier on and off much faster and still further reduce 
tube dissipation between dots and dashes. Closing 
SI allows you to run the amplifier in its original con- 


sing, you speak very closely to the microphone (lips 
almost touching). When doing so the amount of clip¬ 
ping permissible with a processor such as the 
Magnum Six, Comdel, Vomax, DX engineering, or 
Datong, in a noisy shack, is determined by the ac¬ 
ceptable signal-to-background noise ratio. An ac¬ 
ceptable ratio is -25 dB. This means that, if your 
average power output with the processor, on a 
steady, stretched-out "Aaaa,” is 1 kW (on your out¬ 
put meter), the background noise should be no more 
than 3.2 watts on the same output meter (that is, 25 
dB down from 1000 watts). Adjustment procedure: 

1. Switch off the EBS circuit by closing SI. 

2. Tune up the amplifier in the normal way. 

3. Adjust the clipping level in the prescribed way, 
but certainly no further than to the point where 
the background noise, as indicated on your 


76 09 august 1978 



wattmeter, is at least 25 dB down from your 
steady "Aaa..(3.2 watts versus 1000 watts). 

4. Open SI, without changing any setting to your 
transmitter or processor. If the background noise 
(at -25 dB or better) trips the EBS circuit (mean¬ 
ing that if you see the background on the scope or 
output meter, or if your plate meter does not drop 
to zero) then the EBS-circuit input sensitivity is 
too high. Increase the value of the 22k resistor un¬ 
til you find a value where the background noise 
just does not trip the EBS circuit. This value 
should be such that a drive of a little higher than 
-25 dB (say 5 watts or -23 dB in our example) 
turns on the EBS circuit. 

If, when first switching on the EBS circuit, your 
-25-dB background noise does not trip the EBS cir¬ 
cuit, reduce the value of R9 (22k), and determine the 
value where a - 25-dB signal will not trip the EBS cir¬ 
cuit, while a - 23 dB signal does. 

Once you've determined the correct value of R9, 
you've not only installed a good working power saver 
but have achieved total elimination of all bothersome 
background noise, while running 15 or 20 dB of 
processing in a noisy environment. Nobody 
(especially the locals) will hear the blowers and 
accuse you of running excessive power! 

Ssb using no signal processing. Using the EBS 
circuit with a value of R9 as determined above but 
driven by a nonprocessed ssb drive signal will result 
in too-low sensitivity of the input circuit. This will 
cause the circuit to switch on syllables. The result will 
be a distorted signal (similar to a vox dropping in and 
out while you talk because of too-short vox delay). 

To work properly, the value of R9 must be 
decreased until switching does not occur between 
syllables. The best way to find out is to listen to your 
own signal using headphones and adjust R9 until the 
breaking up on syllables disappears. A value of 1.5 - 
3.3k seems to be a good starting value. 

If you want the EBS circuit to be fully flexible for 
both ssb modes (processed and nonprocessed ssb 
drive signals), a small switch (S2) or relay can be 
installed, which switches a second resistor in parallel 
with R9 to reduce its value when operating with a 
nonprocessed drive signal. 

references 

1. Marv Gonsior, W6VFR. "Electronic Bias Switching for Linear Amplifi¬ 
ers,” bom radio, March, 1975, page 50. 

2. J. A. Bryam, W4UX, "Electronic Bias Switching for RF Power Amplifi 
ers," QST, May, 1974, page 36. 
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The Microwave Module 

line of linear transverters. 

Use your present HF equipment on 144 or 432 MHz. These 
units are not the least expensive on the market ... we believe 
they are the finest! 

The standard IF is 28 to 30 MHz. However, we will provide 50 
to 54 MHz or 144 to 148 MHz upon request. All units are covered 
by a full one year guarantee. 

MMT 432/28S $259.95 

MMT144/28S $198.95 

Receiving converters available for 2 meters, 432 and 1296 
MHz. Write for complete catalog. 

POWER SUPPLIES 

28 Volt, 18 Amp Regulated Power Supplies (110V In) $75.00 

12 Volt, 18 Amp Regulated Power Supplies (110V in) $85.00 

Dual 300V D.C. 1 amp fully metered $85.00 

RECEIVERS 

Collins 651F-1, 2 to 30 MHz in 100 cycle steps, digital tuning, 
USB/LSB/ISB. Stability: 1 part in 1O 0 . Completely remote con¬ 
trolled, with all racks, connectors, control head. $1400.00 

R-388/51J — Collins 0.54 to 31 MHz $375.00 

R-380A —- 0.54 to 31 MHz, overhauled complete $595.00 

Astrocom SR201,30-300 MHz, all solid state $450.00 

RACAL Model 6217A, 980 kHz, 32 MHz, All Solid State, takes 
about 3 inches of rack space, digital tuning $1600.00 

LTV Gill Panoramic Recvr includes CRT display, 100-150 MHz 
with converters. Will make a fine spectrum analyzer. $150.00 
I—I CH3 f—i L TMR-5 with front end plug-ins to cover 
1J r _ i—“J , 105-140 MHz and 200-260 MHz. $250.00 
t 2200 to 2300 MHz available. 

T : A Jj We have complete documentation lor all 
TMR-5 series Including plug-ins. 

CEI type 415, 60-250 MHz, all solid state, modular constr., xtal 
controlled, 4 channels. Incredible value. $85.00 

835V-1 Collins Preselector band pass Filters — They’re back! 2 
to 30 MHz. 1 kHz steps, with copy of manual and rack and con¬ 
nector. $275.00 

SX-115 Immaculate with speaker and manual. $450.00 

ANWRR2, 2-30 MHz, synthesized or continuous tuning, com¬ 
pletely bench checked. $600.00 

TEST EQUIPMENT 

URM-25H Slg, Gen,, 10 kHz to 50 MHz calibrated attenuator. 

$195.00 

TS-419/U Slg. Gen. — 900 to 2200 MHz $175.00 

Jerrold 707P Sweep Gen. main frame with D51 detector. $125.00 
Bird 6835 Termination Wattmeter complete RF Assy. — NEW! 
1.2 KW, 600 watts, 120 watts lull scale. You add oil and meter. 

$95.00 

SPECIAL: Micromatch in-line wattmeters, complete guts, less 
meters, good to 500 MHz. You add 50;xA meter. Removed from 
equipment. $24.95 

HP40ODR Audio VTVM - NEW $125.00 

Solartron DA410 Transfer Function Analyzer with manual. 

$475,00 

Welnschel 693-1 Power Attenuators, 30 watt avg., 10KW peak. 

$65.00 

HP764D Dual directional coupler, 200-500 MHz. $100.00 

TRANSCEIVERS 

Collins KWT6-8/URC32 — 2-30 MHz, 1 kHz steps, complete xcvr, 
500 watt PEP output, 500 watt CW output, AM capability. 
Complete and running. $1850.00 

PRC 47 Transceiver. 2 to 11,999 MHz, synthesized, 1 kHz steps, 
100 waits PEP, AM/CW/SSB/RTTY. Built-in antenna tuner. 

$200.00 

or with CV-2455 $235.00 

RTTY Converter CV-2455/PRC*47 Built-In loop supply (60 mA or 
20 mA) —- requires rcvr audio and 24 volts. It’s also an AFSK 
Keyer. 850 Hz shift. — $65.00 

Standard T/T pad mounted in a 
sturdy steel case incl. 2 volume 
pots & 1 push button labeled 
•‘Stereo". Also has 2 phone 
jacks for headphones, micro¬ 
phone, etc. Will make a line 
control head. $24.95 


T/T to Pulse Converter — re¬ 
quires 12-24 VDC $34.95 


Wanted: Documentation for 
AN/WRR-2, plug-ins and IF 
Amplifiers for TMR-5. 

DISC-CAP, 1434 REYNOLDS ST. 

AUGUSTA, GA. 30902 404-722-1121 

Ga. Residents - add State Sales Tax. Unfortunately, Disc-Cap 
can only service U. S. customers. 
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rejuvenating 
transmitting tubes with 
thoriated-tungsten 
filaments 

Many amateur high-powered 
linear amplifiers are designed around 
the popular Eimac family of tubes, 
such as the 4-250A, 4-1000A, and the 
3-500Z. All these tubes use thoriated- 
tungsten filaments. All other things 
being equal, the life of these tubes 
depends on the filament, which 
should be treated with care if you 
expect your tubes to last. 

Filament emission is a complex 
process. As the chemical composi¬ 
tion of the filament changes, the 
electron emission changes. As soon 
as the tube is turned on, it starts to 
lose electron emission, which finally 
drops below a value determined to 
be the "end-of-life" point. This pro¬ 
cess generally takes several thou¬ 
sand hours. 

Once the end-of-life point is 
reached, the filament's chemical 
composition is so changed that noth¬ 
ing can be done by the user to restore 
the filament emission. The tube is 
then said to be "decarburized." The 
ditungsten carbide on the filament 
surface has thus evaporated or has 
combined with residual gas, and the 
carbide surface layer on the filament 
is gone. 

Theoretically, it's estimated that a 
four per cent increase in filament volt¬ 
age will result in a 20K increase in 
temperature, a 20 per cent increase in 
peak emission, and a 50 per cent 
decrease in life because of filament 
carbon loss. This, of course, also 


works the other way. For a small 
decrease in temperature and peak 
emission, life of the filament carbide 
layer, and hence the tube, can be in¬ 
creased substantially. 

For the Eimac 4-1000A and other 
tubes of this filament voltage, broad¬ 
cast stations run the tube at 7.2 volts 
instead of 7.5 volts. The reason is 
extended life. The 3-500Z filament 
should be run at 4.8 volts instead of 
5.0 volts, and so on. The filament 
voltage should be checked with a 1 
per cent meter to achieve these 
values. 

If the tube filament is contami¬ 
nated, or if electron emission is other¬ 
wise inhibited (perhaps a grid has 
been overheated and has liberated 
gas, or filament chemistry has been 
upset by running the filament at a 
very low voltage), the tube can be 
rejuvenated by increasing the fila¬ 
ment voltage by about 15 per cent 
and running it for a time at this over¬ 
voltage (filament power only; no 
other voltages on the tube elements). 
This filament overvoltage action will 
cause emission material in the fila¬ 
ment to "boil" out from the filament 
interior and form a new emissive 
surface. 

The "cooking" time depends on 
the filament condition — the time 
may be only a few minutes or it may 
be longer. The only way to tell is to 
test the tube at intervals for emission. 
If the tube has been cooked properly, 
and the filament is in the right condi¬ 
tion chemically to begin with, normal 
electron emission will be restored. 

If you have a power tetrode or 
triode tube that has lost filament- 


emission (evidenced by decreased 
power output), it's certainly worth a 
try to get the tube back to near-new 
condition. Make sure that you meter 
the "cooking" circuit properly and 
that adequate cooling for the tube 
envelope and filament connectors is 
allowed. 

These large tetrodes are expensive 
to replace, and you haven't anything 
to lose by cooking the filament of one 
that's lost emission. However, don't 
expect miracles. If your linear has 
used tubes, you probably don't know 
the history of the tube's operation 
and the cause of filament emission 
loss. If's worth a try, though, and you 
may be pleasantly surprised. 

Alf Wilson, W6NIF 


audio rolloff 

Many people find that their ex¬ 
ternal Touch-Tone * encoder will 
not access some systems. Many 
times, this is not the fault of the 
radio or the encoder, but actually 
the interface between the two units. 
What often occurs is that the signal 
from the encoder is connected into 
the audio input. Most radios incor¬ 
porate a small-value capacitor (0.001 
to 0.0033 fiF is typical) between the 
microphone input and the first audio 
1C. This capacitor rolls off the low 
frequencies from the Touch-Tone en¬ 
coder, yet passes the high frequen¬ 
cies relatively unattenuated. 

One possible solution to this prob¬ 
lem is to change the value of the in¬ 
put capacitor to 0.1 /aF. If this is not 
practical, another remedy would be 
to directly inject the signal from the 
encoder into the input of the first 
audio 1C. In this case, connect a 0,01 
fiF capacitor between the encoder 
and the 1C. The capacitor should be 
mounted as close to the circuit board 
as possible to preclude any problems 
with rf getting into the audio stage. 

Joe Olivera 

* Touch-Tone is a registered trademark of the Ameri¬ 
can Telephone and Telegraph Company. 


80 Q3 august 1978 






tester for 6146 tubes 

Since many popular exciters and 
transceivers use 6146 tubes, and 
since it is not easy to find a tube test¬ 
er to accommodate this tube, there is 
a need for a simple tester to evaluate 
the condition of 6146 transmitting 
tubes. This is particularly important 
when speech processors are used — 
they tend to raise the average power 
input, thus shortening tube life. The 
circuit shown in fig. 1 uses junk box 
parts, but will provide a very accepta¬ 
ble 6146 tube tester. 

In this tester an ac bias for the grid 
is provided from the filament wind¬ 
ing. It must be polarized. It must be 


polarized properly, /’ e ., the grid must 
be going positive as the plate is going 
positive. To check this, reverse the 
filament connections. Choose the 


IJ5V 

60 Hi 

fig 1. Simple tester for 6146 o- 

transmitting tubes is easily 
built from junk-box parts. 

one which yields the greatest plate 
current. The tester is then ready 
for use. 

A good tube will draw 115 mA or 


more as indicated on the meter. Note 
that this meter indication is the aver¬ 
age of half-wave rectified current. 
Tubes providing 90 mA or less should 


0 - 200 mA DC 



be discarded or, at most, kept for 
emergency spares. The tester is also 
useful for balancing pairs of tubes. 

Gary Liegel, W6KNE 


programmable 
accessory for 
electronic keyers 

Since completing the program¬ 
mable accessory for electronic 
keyers, August, 1975, ham radio, 
I've struggled to get it operational 
with my WB4VVF keyer,1 achieving 
only intermittent success. The prob¬ 
lem has always centered around the 
memory address and the READ/ 
WRITE control line. 

As I've discovered, the READ/ 


Therefore, since it turned out that 
the clock pulse from Q2's collector 
will directly drive U9A, both U8 and 
U11A are no longer required. The 
READ/WRITE switching is still done 
with S3 as seen in fig. 2. 

Another problem was that the out¬ 
put pulse from U11B was fast enough 
to feedthrough the first binary count¬ 
er in U12 and trigger the second 
binary counter simultaneously. This 
prevented full address of the memor¬ 
ies. Bypassing pin 4 of U11B with a 
1000 pF capacitor cured the problem. 


1 U7C - 

1 7410 h* 



WRITE line of the memories does not 
have to be synchronously pulsed 
with the address locations, merely 
taking the R/W line to + 5 volts 
during the READ is sufficient. 

1. James Garrett, W84VVF, "The WB4VVF Accu- 
Keyer," QST, August, 1973, page 19. 


Since programmable memory aa 
dress was not required, 7493s were 
substituted for 74193s. Additionally, 
sockets must be changed from 16 
pin to 14 pin. The 7493 is somewhat 
cheaper and more available from sup¬ 
pliers. 

John M. Korns, K9WGN/W0USL 


simple frequency 
counter 

The frequency counter described 
by K4JIU in February, 1978, ham 
radio , page 30, has proven to be a 
simple, but useful, design. Unfor¬ 
tunately, after building the counter 
on the board supplied by Mr. Borde¬ 
lon, the counter wouldn't operate 
above about 30 MHz on the 50-MHz 
range, or above 300 MHz on the 500- 
MHz range. Discussions with the 
author indicated that the problem 
probably revolved around the wave¬ 
form presented to the 7208. The In¬ 
tersil data sheet stated that the opti¬ 
mum input waveform should have a 
50 per cent duty cycle. This is the 
case in the 5-MHz range. But, when 
using the 74196 prescaler, the Qq 
output has an 80 per cent duty cycle. 

One possible cure is to use the 
Qc output from the 74196 to drive 
the counter. This will give a duty 
cycle of 60 per cent. This change 
also requires that the nonscaled 5- 
MHz input be loaded through Data 
Input C instead of Data Input D. The 
change is accomplished by cutting 
the foil runs at pins 12 and 13 of U3 
and using pieces of insulated wire to 
connect the foils to pins 2 and 3 
respectively. After the change, there 
will be no connections to pins 12 
or 13. 

Carroll Hamlet, W2QBR 
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phasing networks 

Dear HR; 

In regard to VK2ZTB's article sum¬ 
marizing ssb phase shift networks in 
the January, 1978, issue, several 
comments are in order. First, a review 
of the many existing broadband audio 
phase-shift networks is fine, but the 
underlying theory common to each 
should also be presented. 

In general, the type of networks 
employed are called all-pass filters 
(the attenuation is constant, and the 
phase changes montoroically with 
respect to frequency, over the entire 
frequency band of interest). All-pass 
filter characteristics; 



FREQUENCY 


f 0 FREQUENCY 
SCALE} 


v outpu t _ 
Vinput 


-<*> 2 +j^u + o > 0 2 


where u=2irf and u 0 and Q are 
constants. 

If two all-pass filters are con¬ 
structed with the proper Q and 
(for each), an audio phase shifter for 
ssb generation results. This is done as 
follows; 


The (l of both filters is chosen to 
be 0.2252. of all-pass filter 1 is 2 tt 
( 428 Hz); o> 0 of all-pass filter 2 is 2ir 
(2104 Hz). 


eluded in the article (VK2ZTB's fig. 
11 uses op amps, but there are no RC 
networks in the feedback path). Why 
not use the more state-of-the-art 
active filter approach? One realization 
of this type of circuit uses two 
Steffen all-pass filters. 


PHASE TRANSFER OF FILTER NO. I 
PHASE TRANSFER OF FILTER NOE 




Note that even though the phase 
shift of each filter changes with fre¬ 
quency, the phase difference be- 


out 


(±- + -V\± 

J Uj V«2 Rs) C 


Cl RiC, 


The general transfer function for 
the Steffen circuit is; 


_j_ 1 + _j_ri + * 

RiC 2 J R,C,C 2 \R 2 Rj 




\Rz 

tween the two outputs is 90 degrees 
over a wide band of frequencies. 

No active filter examples were in- 


i)i. 

R)/C 2 


1 

R,C, 


( i + *^] + *iCic 2 (. 


1 l 

R-2 


The resulting audio phase shift 
network for ssb generation (300 to 
3000 Hz) is as follows; 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 126. 

EMI Power Purifier Pack 

Now you can obtain a three-in-one 
package that will eliminate over 90 
per cent of your mobile electrical- 
noise problems. Called the Power 
Purifier Pack, the kit from Marine 
Technology includes a power-line fil¬ 
ter for use between the battery and 
your transceiver or other equipment; 
an alternator filter to reduce or elimi¬ 
nate alternator whine; and an ignition 
filter to clean up noise from that 
source. 

The EMI-ACE, while not offered as 
part of the kit, can be obtained sepa¬ 
rately for use with fuel pumps, wind¬ 
shield wiper motors, cooling or heat¬ 
ing blowers, and the like. The ACE 
may not be necessary in all cases. 

For more information on the EMI 
Power Purifier Pack and other Marine 
Technology products, write to 
Marine Technology, 2780 Temple 
Avenue, Long Beach, California 
90806; or use ad check on page 

new Heath wattmeter 

Heath Company, the world's larg¬ 
est manufacturer of electronic kits, 
has released a new wide-band Bi¬ 
directional Wattmeter. Called the IM- 
4190 (or SM-4190 in an assembled 
version), it is a self-contained unit 
that measures transmitted radio 
power up to 300 watts and reflected 
power up to 30 watts, It covers the 
100-MHz to 1-GHz spectrum, and is 
an ideal tool for two-way radio serv¬ 


ice and repair, or for the amateur- 
radio enthusiast. 

The IM-4190 is capable of with¬ 
standing full power overloads on its 
lower scales without damage to the 
meter movement. A single 9-volt 
battery powers the IM-4190, so it 
may be used while portable, N-type 
coaxial connectors are used for low 
insertion loss. Adaptors are included 
for use with UHF-type connectors. 

The IM-4190 kit retails for $114.95 
and the SM-4190 assembled version 
$195.00 (mail order from Benton 
Harbor). For more information on the 
IM/SM-4190, write Heath Company, 
Department 350-630, Benton Harbor, 
Michigan 49022. 


VIZ wattmeters 



The Test Instruments Group of 
VIZ Manufacturing Company has 
introduced two new easy-to-use 
wattmeters that are ideal for testing 
vhf, fm, and even uhf transmitters 
as well as popular high-frequency 
and CB units. 

The WV-551A dummy-load rf watt¬ 
meter has a broad frequency range — 
from 1.9 to 512 MHz. Its power 
range is 0.5 to 15 watts with full-scale 
accuracy better than 5 per cent. Input 
impedance is 50 ohms, and vswr is 
less than 1.15:1 at 500 MHz. It is 
simple to use: the transmitter output 
line is connected directly to the unit 
and readings are taken from the scale 
on a taut-band meter. The user price 
for the WV-551 A is $60. 

The WV-552A in-line rf wattmeter 
is a dual unit used to measure both 
forward and reflected power — 
especially useful in matching and ad¬ 
justing antennas, or for tuning trans¬ 
mitters for maximum output. Read¬ 
ings are taken from the two easy-to- 
read meters. 


Measurements with the WV-552A 
are possible over three selectable fre¬ 
quency ranges: 20-40 MHz, 40-100 
MHz, and 100-230 MHz. The meter's 
power ranges are 0-20 watts and 
5-100 watts (forward), and 0-5 watts 
and 1-20 watts (reflected); full-scale 
accuracy is better than 5 per cent. 
The vswr is less than 1.15:1 over the 
entire frequency range, and input 
impedance is 50 ohms. 

Both wattmeters are supplied with 
type M connectors; M-to-N and 
M-to-BNC adapters are available. 

The user-price is $150. For further 
information and data sheets, contact 
Bob Liska, VIZ Test Instruments 
Group, VIZ Manufacturing Com¬ 
pany, 335 East Price Street, Phila¬ 
delphia, Pennsylvania 19144; tele¬ 
phone (215) 844-2626. 


Palomar Electronics 
hand-held transceiver 



The new Palomar Mini-1 VHF-FM 
transceiver is about the same height 
as a dollar bill — yet it's a giant in 
performance. The transmitter output 
is one watt, with a total of 18 chan¬ 
nels available in the 144-148-MHz 
band. The channels are obtained by 
using up-down split, down-up split, 
or simplex, all with only six crystals. 

With the Auto-Patch option, the 
Palomar Mini-1 can access a repeater 
and communicate through the tele¬ 
phone system as well. 

Dimensions of the Palomar Mini-1 
are 152 mm high by 67 mm wide by 
46 mm deep. Its compact size makes 
it exceptionally convenient as a 
means of portable communications. 
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For more information about the 
Palomar Mini-1 VHP transceiver, 
write to Palomar Electronics, 655 
Opper Street, Escondido, California 
92025. 

Hamtronics converters 

Hamtronics, Inc., announces a 
new series of low-cost vhf and uhf 
converters for use in receiving Oscar 
and other exciting signals on your 
present high-frequency receiver. At 
prices of $34.95 for the kit (or $54.95 
wired and tested), they're quite a 
bargain for the enjoyment you'll get 
from listening to the ever-increasing 
activity on these bands. 

The converters are small in size: 
only 7 x 11 x 2.5 cm (2-3/4 x 4-1/2 x 1 
in). They can be constructed and 
tested in only a few hours. Built-in 
test points make alignment simple. 
The converters feature new high-G 
coils, compartmental shielding, and 
ferrite-bead decoupling. 

Any 2-MHz segment in the vhf and 
uhf range can be covered, using the 
10-meter band on your existing re¬ 
ceiver. Standard models are listed 
below, and other rf and i-f ranges are 
available on special order at the same 
price. An attractive extruded alumi¬ 
num case kit is available as an option 
for $12.95 additional. 

standard convertors for 28-30 MHz l-f 


model 

input range 

C50 

50-52 MHz 

C144 

144-146 MHz 

C745 

145-147 MHz 

C146 

146-148 MHz 

C110 

Any 2 MHz of 
aircraft band 

C220 

Any 2 MHz of 
220-MHz band 

C432-2 

432-434 MHz 

C432-5 

435-437 MHz 

C432-7 

427.25 (61.25 MHri-fi 

C432-9 

439.25 (61.25 MHz i-f) 


To order, or to request a free 40- 
page catalog on vhf and uhf 
transmitters, receivers, preamps, and 
accessories, call 716-663-9254; or 
write Hamtronics, Inc., 182F Belmont 
Rd., Rochester, New York 14612. 


CUSHCRAFT 

ISTHEFM 

ANTENNA 

COMPANY. 

Cushcraff manufactures the world's most 
complete line of qualify antennas for 
amateur VFH-FM repeater service including 
high-gain multi-element vertical beams, 
stacked arrays. 5/8-wavelength 
mobile whips, half-wavelength Ringo" 
verticals, and the world-famous Ringo 
Ranger. which features stacked vertical 
half-wavelength elements for 4.5 dBd 
omnidirectional gain. Whether your favorite 
repeater is next door or across the state. 
Cushcraff has a VHF-FM antenna which is 
exactly engineered to your needs. 




Four Pole 


5/8 wave Mobile 


Ringo Ranger 








In Stock With Dealers World Wide P.O. Box 4680. Manchester, N. H. 03108 


More Details? CHECK-OFF Page 126 
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R-X Noise Bridge 


All Palomar Engineers products are 
made in U.S.A. Since 1965, manufacturers 
of Amateur Radio equipment only. 



• Learn the truth about your antenna. 

• Find its resonant frequency. 

• Adjust it to your operating frequency quickly 
and easily. 

If there is one place In your station where you cannot risk uncertain results 
il is in your antenna. 

The Palomar Engineers R-X Noise Bridge tells you if your antenna is 
resonant or not and, if it is not, whether it is too long or too short. All this 
in one measurement reading. And it works just as well with 
ham-band-only receivers as with general coverage equipment because it 
gives perfect null readings even when the antenna is not resonant. It gives 
resistance and reactance readings on dipoles, Inverted Vees, quads, 
beams multiband trap dipoles and verticals. No station is complete 
without this up-to-date instrument. 

Why work in the dark? Your SWR meter or your resistance noise bridge 
tells you only half the story. Get the instrument that really works, the 
Palomar Engineers R-X Noise Bridge. Use it to check your antennas froml 
to 100 MHz. And use it in your shack to adjust resonant frequencies of 
both series and parallel tuned circuits. Works better than a dip meter and 
costs a lot less. Send for our free brochure. 

The price is $49.95 and we deliver postpaid anywhere in the U.S. and 
Canada. California residents add sales tax. 

Italy write I2VTT, P.O. Box 37, 22063 Cantu. Elsewhere send $52.00 
(U.S.) for air parcel post delivery worldwide. 

Fully guaranteed by the originator of the R-X Noise Bridge. ORDER 
YOURS NOW! 


Palomai' Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 


artwork transfer film 
for PC boards 

Printed Circuit Products Company, 
of Helena, Montana, has produced a 
film that can be used to pick up art¬ 
work from printed pages and used for 
etching sensitized board. Called 
PCP Type-A, the film is easy to use. 
A protective backing is peeled off, 
then the clear film is pressed in place 
over the desired artwork. A blunt in¬ 
strument is used to burnish the film 
into firm contact with the paper, and 
to remove all air bubbles. The combi¬ 
nation is soaked in water until the 
paper softens and can be removed by 
rubbing, leaving the "print" on 
the film. 

After the film has dried, the art¬ 
work is ready for use. Simply apply it 
over the surface of any sensitized pc 
board material in the normal manner, 
and expose, develop, and etch your 
own printed circuits. 

The Type-A film eliminates the 
many photographic processes that 
usually accompany transferring art¬ 
work from the printed page to a form 
useful in etching boards. Note, how¬ 
ever, that the artwork does not 
change form in the process — it re¬ 
mains either negative or positive, 
just as it is printed. 

PCP Type-A film can also be used 
to create custom decals for your 
equipment, relabel meter faces, 
dials, or panels. For more information 
and prices, write to Printed Circuit 
Products Company, P.O. Box 4034, 
Helena, Montana 59601. 


Touch-Call encoder 

Standard Communications has an¬ 
nounced the availability of their new 
TT-1A Touch-Call encoder which can 
be mounted on the front of SCC 
Model C146A, C730L, and C830L 
hand-held transceivers. The unit uses 
the dual-tone multiple frequency 
(DTMF) system to enable the user to 
place remote telephone calls, obtain 
access to repeater systems, activate 
decoders in other transceivers, or to 
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perform other remotely controlled 
operations. 

The tones generated are compati¬ 
ble with both the Bell and RCC radio¬ 
telephone requirements. The unit is 
solid state and generates two simulta¬ 
neous audio tones between 600 and 
1700 Hz. The digitally synthesized fre¬ 
quencies generated are nonharmonic 
and provide high immunity to falsing. 
The TT-1A requires 7.5 to 15 Vdc for 
operation, which is obtained from the 
battery pack in the hand-helds. These 
encoders may be used with the com¬ 
mercial versions of SCO's hand-helds, 
which cover 450 to 512 MHz or 148 to 
174 MHz and the amateur radio 144 
to 148 MHz model. See your Stan¬ 
dard dealer or write Standard Com¬ 
munications Corporation, P.O. Box 
92151, Los Angeles, California 90009. 


Multicore Solder 
products 



Multicore Solders, a leading world¬ 
wide supplier to aerospace, elec¬ 
tronic, and industrial manufacturers 
has introduced a line of selected, 
professional-quality solders and 
soldering accessories specifically 
packaged for the technician, service 
man, home owner, hobbiest, and do- 
it-yourselfer. Included in the product 
line are multiple-core wire solders in a 
variety of alloys and/or flux formula¬ 
tions, solid wire solder, solder 
creams, an emergency solder, flux 
pastes, and a line of desoldering 
wick. 


ISTHEHF 
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We’re Proud of Our Flock! 


ALL MODELS AND TABLE I ELEMENTS IN STOCK. 

WE ALSO CARRY OTHER BIRD PRODUCTS... WRITE! 

NEW PRICE $ 125.00 


AUTHORIZED BIRD DISTRIBUTOR — DEALER INQUIRIES INVITED. 


We are also Dealers for: 

©cushcraff 

Wilson 


m§®y 

ttas'eH 

e tectronics 


lfi0 hom« o/ 


CZ =j=^j ALL PREPAID A CREDIT CARD ORDERS SHIPPED NO CHARGE IN U.S. 

SALES TAX 4% TO VIRGINIA RESIDENTS ONLY. visa 

SPECIALISTS IN HANDLING FOREIGN ORDERS 1—1 

ELECTRONIC EQUIPMENT BANK, INC. 

516H MILL STREET, VIENNA, VA 22180 CALL COLLECT703-938-3511 
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I Most Called Numbers 

dingle Key Punch! 

^ Now you can dial up to 18 complete 7 or 

tk © digit phone numbers by punching only 
one (or two) Keys on your pad 
The AD* 1 Auto Dialer's 10 number capacity 
— RAM can be completely programmed from 
its own pad in less than a minute 
The optional held • installable factory-programmed 
^ PROM adds 8 more numbers tor S4.95. 

The AD-1 is idea! tor mobile autopatches, 
home or business use It features a 
’ll unique MOS microprocessor which 

W permits both tone duration and spacing 
to be programmed along with the num* 
Mf bers, adding versatility lor repeater or 

simitar control functions. Its crystal controlled 
lone generator assures high stability over 
a wide temperature range The AD-1 is fully 
automatic and foolprool in operation Coil cord 
provides convenient connection lo your rig. Suggested 
Amateur net price $129 95. A PROM order card is 
packed with each AD-1 


The AD- lAulo Dialer is available at the 
finest amateur radio dealers and 
distributors everywhere. 


Advanced Electronic Applications, Inc. po box 2100,Lynnwood,Washington90036 


Among the different solder alloys 
offered are those for electronic, 
general-purpose electrical, and a 
number of nonelectrical applications 
including sheet-metal work, plumb¬ 
ing, aluminum, and even a solder 
specifically formulated for stainless 
steel and silver jewelry. 

The packaging for each of the pro¬ 
ducts has been carefully designed to 
provide the user with a functional and 
practical choice, depending on the 
quantity he plans to use as well as 
storage requirements. All packaging 
is printed with complete application 
and instructional data, and is color 
coded according to alloy for quick 
identification. Complete information 
on all these products is available from 
Multicore Solders, Westbury, New 
York 11590. 

Whitehouse parts 
catalog 

A new catalog is available from G. 
R. Whitehouse & Co. of Amherst, 
New Hampshire. It lists many of the 
parts for amateur projects which 
have been described in ham radio , 
Ham Radio Horizons, and other ama¬ 
teur literature. 

A scan through the pages reveals 
such items as a kit of parts for noise 
bridges, transmatches, and com¬ 
puting swr indicators. There are sev¬ 
eral pages of individual component 
listings, such as toroid coils, ferrite 
beads and rods, and an assortment of 
cores for the experimenter. 

A number of Barker &* Williamson 
items are carried by Whitehouse, 
including coaxial switches, air-wound 
coils, multi-band plate circuits for 
high-power final amplifiers, and at¬ 
tenuators and filters. 

The catalog shows a good selec¬ 
tion of variable capacitors, including 
those made by E. F. Johnson, James 
Millen, and some Cardwell and Ham- 
marlund types. Another section dis¬ 
plays Jackson Brothers dials and 
drives, James Millen knobs and 
shaft couplers, and aluminum cases. 




There is also a large section listing the 
J. W. Miller inductors and the Cush- 
craft line of antennas and acces¬ 
sories. 

To obtain your copy of this free 
catalog, write to G. R. Whitehouse 
8- Co., 16 Newbury Drive, Amherst, 
New Hampshire 03031. 


MAX-100 frequency 
counter 



A new state-of-the-art LSI count¬ 
ing technology has enabled Conti¬ 
nental Specialties Corporation to of¬ 
fer a competent frequency counter at 
a very good price. The counter, called 
MAX-100, delivers an accurate 8- 
digit display of frequencies from 20 
Hz to 100 MHz. The crystal-con- 
trolled timebase features 3 ppm (parts 
per million) accuracy, and the count¬ 
er updates the display every second. 

The counter input includes a pre¬ 
amplifier which allows it to work with 
as little as 30 mV of signal. Diodes 
protect the input up to 200 Volts. 
Although it is a low-profile unit, the 
MAX-100 features large, bright, 
15-mm (0.6-in.) digits. No range 
switch is necessary, because the least 
significant digit always represents 1 
Hz. Leading zeroes are blanked, and 
over-range signals cause the most 
significant digit to flash. 

The MAX-100 can be operated on 
internal alkaline or nickel-cadmium 
cells; or from automotive or 115-Vac 
power by using a battery charger or 
eliminator. All 8 digits flash to indi¬ 
cate a low battery condition, which 
permits extended battery life. 

The input impedance of the counter 
is 1 megohm, shunted by 56 pF. Sine- 
wave sensitivity is rated at 30 mV 
RMS from 10 Hz to 50 MHz, 100 mV 
RMS to 80 MHz, and 300 mV RMS 
above, A number of accessories are 


CUSHCRAFT 
IS THE VHF-UHF 



COMPANY. 

Cushcraft precision engineered VHF/UHF Yagi beams 
have become the standard of comparision the world 
over for SSB and GW operation on 6 meters through 432 
MHz. Built by skilled craftsmen from the best available 
materials, these beams represent that rare combination 
of high electrical performance, rugged construction, 
and durability. 



*i-1 ’»-2 Motor Yagi 


Quad Array 

Cushcraft's Quad Arrays for 144, 220. 
and 432 MHz us© four matched 
11-element Cushcraft Yagis and ore 
the ultimate in a high-performance 
Yagi array. These arrays have been 
carefully engineered for maximum 
forward gain, high front-*to-back ratio, 
and broad frequency response. All 
antennas provide a low VSWR match 
to 50-ohm coaxial feedline. 


20 Element DX Array 

Cushcraft s wide variety of VHF/UHF 
Beams includes an antenna for every 
amateur activity above 50 MHz. whether 
local ragchewing or long-haul over-the- 
horizon DX, All models nave been 
carefully optimized for maximum 
forward gain with high front-to-back 
ratio The heavy-wall bright hard-drawn 
aluminum booms and elements are 
combined with heavy formed aluminum 
brockets and ptated mounting 
hardware for long operating life and 
survival in severe weather 



In Stock With Dealers World Wide P.O. Box 4680. Manchester, N. H. 03108 
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Handymen! Hobbyists! 
DO-IT-YOURSELFERS! ^ 

Let Kester Solder aid you in your home repairs or hobbies. For that household 
item that needs repairing — a radio, TV, model train, jewelry, appliances, minor 
electrical repairs, plumbing, etc. — Save money — repair it yourself. Soldering 
with Kester is a simple, inexpensive way to permanently join two metals. 

When you Solder go “First Class” — use Kester Solder. 

For valuable soldering information send self-addressed stamped envelope to 
Kester for a FREE Copy of “Soldering Simplified”. 


LLJ KESTER SOLDER 

Litton 4 201 WRIGHTWOOD AVENUE/CHICAGO, ILLINOIS 60639 


(22 


BREAKS $600 PRICE BARRIER 

with the all-new 

American-made DTR-1 hf transceiver 


500 Hz & 1 kHz 
Active Audio Filters 


VOXandPTT. 

Standard 


Digital Readout. 
Standard! 


TOO GOOD 
to be seen 
’til AUGUST 


No Final Shutdown 
works into any load! 


10 - 160M full coverage ■ 

All Solid State ■ 

Plug-in boards ■ 

Semi-break-in CWwith sidetone 


Other Features 

■ 2.3 kHz 8-pole SSB filter 

■ 9 MHz i-f 


BIT ± 5 kHz 


ORDER NOW for August Delivery 


■ Noise blanker 

■ 25 kHz calibrator 

$599 so 

AC Power Supply $99“ 


Hams Serving Hams Since 1939 

ELECTRONIC DISTRIBUTORS, INC. 

I960 PECK STREET MUSKEGON, MICHIGAN 49441 

TELEPHO N E (616) 726-3196 TELEX 22-8411 
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available, including a battery 
charger/eliminator, tap-offs, a whip 
antenna, and a carrying case. 

The MAX-100 is accurate enough 
for most professional field service 
applications; with a suggested price 
of $134.95, it's economical enough 
for personal or educational use. For 
further information contact Conti¬ 
nental Specialties Corporation, 44 
Kendall Street, New Haven, Con¬ 
necticut 06509. 

ICOM programmable 
vhf marine radio 

ICOM has announced a new addi¬ 
tion to its Marine VHF radio line by 
introducing the ICOM M25D — simi¬ 
lar in appearance and features to 
ICOM's popular 25-channel M25. A 
key advantage of the ICOM M25D is 
its 25-channel diode-programmable 
system. The diode matrix in the 
M25D can be "programmed and re¬ 
programmed" to any 25 of the com¬ 
mercial, pleasure, or international 
Marine VHF channels, thus eliminat¬ 
ing the need to buy expensive cry¬ 
stals when additional channels are 
required. 

ICOM enjoys an industry-wide 
reputation for producing one of the 
most thoroughly sealed and weather- 
protected Marine VHF units on the 
market. Like the M25, the M25D fea¬ 
tures a unique single-piece, molded- 
aluminum-base construction, incor¬ 
porating a series of O-ring seals and 
gaskets around the switches and 
case covers to provide the maximum 
protection of the internal electrical 
components. The speaker is protect¬ 
ed from rain and moisture by a tough, 
water-resistant membrane. The 
transceiver also features safety mem¬ 
ory to channel 16, automatic start on 
16, pushbutton selection for both 
weather and channel 16, a locking 
mounting system, a 5-watt audio sys¬ 
tem, an automatic nighttime dimmer 
system, and a provision for external 
speakers. 

The ICOM M25D, like the M25, is 
FCC certified under both Parts 81 
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and 83, as well as Canadian DOC cer¬ 
tified for pleasure vessels and com¬ 
pulsorily equipped commercial ves¬ 
sels. Learn more about the ICOM 
M25D by writing for a free brochure 
to: Icom-East, Suite 307, 3331 
Towerwood, Dallas, Texas 75234; or 
in the western U.S., Icom-West, 
Inc., 13256 Northrup Way, Suite 3, 
Bellevue, Washington 98005. 


CW speaker system 



Skytec is offering a loudspeaker 
unit designed expressly for CW. Em¬ 
ploying a unique, acoustic-chamber 
resonator, the Skytec CW-1 com¬ 
bines good single-frequency selectiv¬ 
ity with a nice tone shaping charac¬ 
teristic. 

By filtering right at the audio out¬ 
put, the unit suppresses hum, hiss, 
ringing, and miscellaneous noises left 
in the audio by most communications 
receivers. The CW-1 adds a remark¬ 
able degree of selectivity to any CW 
receiver, and it gives the best of re¬ 
ceivers the most pleasant, "'just 
right" bandpass for long contacts, 
net operating, and band scanning. 

Priced at $19.95, the 8.9 x 16.55 cm 
(3-1/2 x 6-1/2 inch), 0.9 kg (2 pound) 
unit is shipped with a connecting 
cable. A front switch provides for by¬ 
passing the audio to the regular sta¬ 
tion speaker for other than CW recep¬ 
tion. Skytec's ordering address is Box 
535, Talmage, California 95481, or for 
more information contact Jim 
Bowles, W6DLQ, at 707-462-6882. 



FEATURES 

• T 2 L Logic 

• Maximum offset versatility — easily programmed to any IF and 
transmitter offset between 100 KHz and 30 MHz in even 100 KHz 
increments. 

• Jumper wire programmable for most common TX multiplying ratios 

• All frequencies locked to one master crystal oscillator. 

• 2 pole output filter on receive line. 

® Virtually no measurable difference in spurious outputs from crystal. 

• Lockup time typically 150milliseconds. 

• Easily interfaced to most rigs. 

& Transmit offsets are digitally programmed on a diode matrix, and can 
range from 100 KHz to 10 MHz. 

• No additional components are necessary! 


, 

| 


SYNTHESIZER II 

A 2 meter frequency synthesizer. 
Frequency is adjustable in 5 KHz steps 
from 140.00 MHz to 149.995 MHz with 
its digital readout thumb wheel switching. 


SPECIFICATIONS 

* Frequency: 140.000 — 149.995 MHz 

* Transmit offsets: Simplex, *600 KHz. 
— 600 KHz plus 3 additional field 
programmable offsets. 

« Output: 3 volts to a 50 load 

* Input voltage: 11 — 18VDC at .900 
amps 

« Size: 8" long x 5 / 7 " wide x 2%" high 
20.32CM x 13.97CM x 5.71 5CM 

* Complete kit including all electronics, 
crystal, thumb wheel switch, cabinet, 
etc. 


SYNTHESIZER 220 

Comparable with virtually all 220 trans¬ 
ceivers; Ctega, Midland. Cobra, etc. 

Frequency is adjustable in 5 KHz steps 
from 220.00 MHz to 225.00 MHz with 
Its digital readout thumb wheel switching. 


SPECIFICATIONS 

* Frequency: 220 — 225 M Hz 

« Transmit offsets: Simplex, 41.6 MHz, 
— 1.6 MHz plus 3 additional field 
programmable offsets, 

® Output: 3 volts to a 50 load. 

® Input voltage: 11 — 18 VDC at .900 . 
amps 

* Size: 8" long x 5 Y»* wide x 2V*** high 

20.32CM x 13.97CM x 5.71 5CM 

® Complete kit including all electronics, 
crystal, thumb wheal switch, cabinet. 


Shipping weight — 2 lb. 4 oz. 

Price for either unit: Kit — $169.95, Wired & tested — $239.95 


Qfmoi 


fhf engineering 

Division of Brownian Electronics Carp. 


320 WATER STREET / BINGHAMTON, N.Y. I 3901 / Phone 607-723-9574 

Prices and specifications subject to change without notice. / lixport prices slightly higher. 
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I quantities of quality 




SOMETHING TO MAKE LIFE EASYj W© cmry 
AP lottl clips lor bath 14 pm and 16 pin ICs Gold 
pin tod wiping action, sturdy pins for scopo probos 
also romovoQ ICs Irom sockets without damage 
Model TC-14 (14 pin): $4.50; Model TC-1B (16 pin): 
$4.75 W<? also carry the A C E 201K breadboarding 
kff (with 1,032 sntdiHlosB plug in tiu paint capacity) 
tOf Only $24.95. 



SEMICONDUCTORS FOR THE 
EXPERIMENTER 

LM373 AM/FM/SSB IF detector (DIP) $1.95 

LM566 Squato/lriangip uncillator (mlnldlp) $1.75 

LM567 PLL tone docodor (minidlp) $1,85 

uA?06 DIP audio power amp $0,75 

PTM Dual NJFET, VMF/UHF amp, 3/$1 

package 

FET-2 NJFET VHF/UHF amp similar lo 3/$1 

to 2N4416 

G103 Power transistor (oquir 2N3055) $0.75 


RF TRANSISTORS 

(AM specs tor the following taken at 25 degrees C 
at 2 GHz) 


UNELECTRONIC SPECIAL; LEATHER DICE 
CUP.S2.50 

It doesn't biink, Mash. or communicate, but M's a 
beauty lor dice players Limited quantity This is not 
a joke! 

TRS-80 10K CONVERSION KIT 

This kit contains 8 uPD4if> 1 x 16K dynamic 
memories ana instructions on convening your •** 
TRS-80 to a 16K machine You could pay up to $290 
elsewhere, bul our kit la only $1901 


TRIMMER CAPACITORS 


CV2/8P 

2 - 8 pF 

5(52.00 

CV2.5/1 IP 

2.5 — 11 pF 

5/52.00 

CV3/16P 

3- 15 pF 

4/S2.00 

CV3.SUP 

35 - 14 pF 

4/S2.00 

CV4M2P 

4 — 12 pF 

4/S2.00 

CV5/25P 

5 - 25 pF 

4/S2.00 

CV5/30P 

5 — 30 pF 

4/S2.00 

CV5&18P 

5.5— 18 pF 

4/S2.00 

CV6I30P 

6 — 30 pF 

4(52.00 

CV7/25P 

7 — 25 pF 

4/S2.00 

CV&50P 

8 — 50 pF 

3/S2.00 

CV&'35P 

9 — 35 pF 

3/S2.00 

CV9/45P 

9 - 45 pF 

3/52.00 

CV15/60P 

15-60 pF 

3/S2.00 

CV/ASST 

10 iiBBO'tod { no ehoico) 

10/52.00 


YES, WE HAVE COMPONENTS .. .not 
|ust some components, either, but a truly 
wide-range selection. From resistors to 
sophisticated ICs to experimenter and 
hobbyist Items, belore you do any shop¬ 
ping check with us .,. you'll be glad you 
did. 
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V2NRF1 ($4.95) 2 GHz power transistoi Pd 

ma* 3.5W, Pout minimum 1 OW Pin 310 mW, 
efficiency 30V. Simitar lo RCA 2N5470 

42NRF2 ($5.95) 2 GHz powei transistor Pd 

8 7W, Pout ?5W. pin 300 mW. offfeioncy 33V. 
Simitar to RCA TA8407. 

#2NRF3 ($6.95) 2 GHz power transistor Pd 

21W Pout 5.5W, Pin I.2SW, olfictoncy 33%. Similar 
to RCA 2N6269 

•2NRF4 ($7.95) 2 GHz power transistor Pd 

29 W, Pout 7.5W. Pin t 5W, efitcloncy 33% Factory 
selected prime 2N6269 


TERMS PJ*t4?e «tlo« ue to 6Vi. lew sNpptrig; #mg»ss f it funded 
As© $1 handling fix $10 Cai m»* l*» COO OK 

Aim iiihi aaetssi UPS For VISA* fU«#i*rcfui'g«r* ord«>» 
calf our dotk (24 hr#) at (41S) S420&14 good 1 Neagh 

cowr* month «f magazine 



ATTENTIONS KENWOOD & YAESU OWNERS!!! 
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the W6TOG 

RECEIVER MODIFICATION KIT 

INCREASES SELECTIVITY TS520KIT 

• IMPROVES SENSITIVITY T$520$K(T 

* LOWERS IN TERNAL NOISE TS-820 & 820S KIT 

COMBATS BLOCKING FROM LOCAL SIGNAL FT-101 SERIES KIT 

IMPROVES NOISE BLANKER OPERATION FR 101 SERIES KIT 

EXPLICIT INSTRUCTIONS MAKE MODIFICATION A CINCH 
* WELL KNOWN DXer W1TII OVER 300 COUNTRIES CONFIRMED 


Order from 

S-F AMATEUR RADIO SERVICES 

4384 KEYSTONE AVE., CULVER CITY. CA. 90230 
(213) 837-4870 


$27.50 

3250 

34.50 

32.50 
3450 




IT’S MAGIC—IT’S “MAGICOM” 

PROCESSOR MODIFICATION KIT 

IMPROVES AUDIO PUNCH • IMPROVES PROCESSED SPEECH QUALITY 


Converts TS-820 speech processor from RF compressor to RF dipper 


Tint* 'MAGICOM’‘ RF processor module provides up to 6db increase in output will) 
smooth, clean, non distorted audio and more penetration for those pile ups Price $2750 


ENDORSED BY W6TOG AND BIG GUN DXers WORLD WIDE 


SATISFACTION GUARANTEED OR MONEY REFUNDED 

All prices postpaid * In Calif, add 6% solos las * Mastercharge & Visa accepted 


uhf mobile antennas 


A line of 5-dB gain uhf mobile an¬ 
tennas covering the 3/4 meter (420 
MHz) frequency range and featuring 
simplified field tuning requirements 
has been introduced by Antenna In¬ 
corporated of Cleveland, Ohio, 

Most 420 MHz antennas require 
the whip to be cut from the top and 
bottom for exact tuning. The Anten¬ 
na Incorporated antennas feature a 
top sleeve which slides to adjust the 
upper portion of the whip, so only 
the bottom portion of the antenna 
needs to be cut for tuning. 

These uhf antennas feature plated 
stainless-steel whips to make the an¬ 
tenna more conductive for reduced 
power loss, stainless-steel shock 
springs, and 17 feet (5 meters) of 
coaxial cable. They are available in 
100* and 150-watt versions; the 150- 
watt models are supplied with Anten¬ 
na Incorporated's high-power cable 
which has electrical characteristics 
similar to RG-8/U but in a size similar 
to RG-59/U. 

These antennas are available in a 
variety of mounting configurations, 
including hole mount, trunk-lip 
mount, cowl mount, and a mount 
which adapts to existing Motorola 
mounts. The 100-watt versions also 
are available with a spring-clip gutter 
mount. 

'The simplified tuning process 
means there is less chance for error 
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when the antenna is field-cut to exact 
frequencies/' sales manager Fried- 
berg said. "Add to this the variety of 
mounting configurations we offer, 
and these antennas are the fastest 
and simplest antennas to install." 

Further information on the new 
antennas, and the complete line of 
Antenna Incorporated communica¬ 
tions antennas and accessories, is 
available from Antenna Incorporated, 
26301 Richmond Road, Cleveland, 
Ohio 44146. 

MFJ rf noise bridge 

MFJ Enterprises has a new rf 
noise bridge, model MFJ-202, which 
allows quick adjustment, for maxi¬ 
mum performance, of any antenna, 
whether a single or multiband dipole, 
inverted vee, beam, vertical mobile 
whip, or random-wire system. It in¬ 
dicates resonant frequency, radiation 
resistance, and reactance of these 
antennas, and also whether to short¬ 
en or lengthen the antenna for mini¬ 
mum swr over any portion of a band. 

The MFJ rf noise bridge has a re¬ 
sistance range of 250 ohms and a 
wide capacitance range of ±150 pF 
for reactance measurements. Includ¬ 
ed is a unique range-extender that 
shunts large unknown impedances 
down to within the measuring range 
of the noise bridge. In addition to 
measuring antenna characteristics, 
the noise bridge can be used to 
tune transmatches, adjust tuned cir¬ 
cuits, and measure inductance and 
the rf impedanceof amplifiers, baluns, 
transformers, and other rf circuits. It 
can also be used to determine elec¬ 
trical length, velocity factor, and im¬ 
pedance of coax cable. With a trans- 
match and dummy load, it can syn¬ 
thesize rf impedances for test pur¬ 
poses. 

MFJ provides a 30-day money back 
trial period and a one year uncon¬ 
ditional warranty. 

The MFJ-202 RF Noise Bridge is 
available from MFJ Enterprises for 
$49.95 plus $2.00 shipping and han¬ 
dling. To order call toll free 800-647- 
8660 or mail order to MFJ Enter¬ 
prises, P.O. Box 494, Mississippi 
State, Mississippi 39762. 



Headquarters/USA 

for RS6B Publications 

For years The Radio Society of 
Great Britain has been considered 
among the most prestigious organiza¬ 
tions fn Amateur Radio. This fine group 
has assembled what may well be the 
finest series of Amateur Radio publica¬ 
tions ever issued by one publisher. Ham 
Radio’s Communications Bookstore 
now offers you the opportunity to bene¬ 
fit from the RSGB's technical excel¬ 
lence and superior quality. 

Whether It’s your 
first taste of these great 
publications or another 
exciting addition to your 
RSGB library treat your¬ 
self today to the veiy best, 
an information-packed 
book from 
The 
Radio 
Society 
of Great 
Britain. 


AMATEUR 

RADIO AWARDS Details over 90 international awafds. 
including application instructions and valuable DX mtorma- 
lion 185 pages ©1970 

□ RS-AW Sottbound $4.95 


NBFM MANUAL Here's FM theory and prachce at its 
best along with many unique, useful circuits 60 pages 
©1974. Sottbound Regularly S3 25 

□ RS-FM Now $2.50 


AMATEUR RADIO TECHNIQUES As an excellent 
idea and source book to help supplement handbook informa¬ 
tion. this now 6th edition contains 10% more pages and over 
750 diagrams 336 pages ©1978 

□ RS-RTC Sottbound $7.95 

TEST EQUIPMENT FOR THE RADIO AMATEUR 

New chapters on wavemeters and power supplies make tms 
completely updated version the lines! test equipment book 
available an^bem >35pages. ©1978 

□ RS-TRA Hardbound $9.50 

VHF-UHF MANUAL it it’s abovo 30 MHz this book covers 
il — In super detail' Basics, space communications, micro¬ 
waves, antennas, FMand plenty more. 400 pages ©1976 

□ RS-VH Hardbound $13.95 


RADIO DATA REFERENCE BOOK Both Amateurs 

and engineers will fully appreciate the excellent technical quality 
ol this fine reference 189 pages. ©1977 

□ RS-DF Hardbound $6.95 



Available only 
from HRCB and 
selected 
dealers. 


Greenville, NH 03048 
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a second look 

==£1 by Jim Fisk 



The editor of an amateur radio magazine must wear several different and diverse hats. In fact, I 
could use up several pages describing all the details that need attention to keep the magazine running 
smoothly. However, I'd like to talk for a moment about one very important task that sets the tone of 
the magazine: selection of articles. 

Most of the articles published in ham radio are contributed by readers who want to share an idea or 
the details of a particularly successful project. Authors range from enthusiastic hams who have never 
written anything more than a short story for their English professor to fellows with engineering back¬ 
grounds who make their livings in front of a typewriter; all want to share an idea. I welcome the out¬ 
put of anyone who is interested in contributing something that will benefit all amateurs. 

Prospective authors often ask, "What kind of articles are you looking for?" That's difficult to an¬ 
swer because new manuscripts arrive in the mail every day, so our needs are continually changing. 
However, I'm always on the lookout for simple construction projects that can be put together in one 
or two weekends. Larger projects are also welcome, but most of our readers must divide their leisure 
time between amateur radio and other interests, so they don't have time to build a Chinese copy of a 
complex piece of equipment. I'm also interested in good technical articles that cover any facet of 
radio communications. 

Although I can accept only technical or construction articles for ham radio, articles for our sister 
publication, Ham Radio Horizons, can focus in on any aspect of amateur radio. In addition to simple 
construction projects for the beginner, I'm looking for DXpedition travelogues, adventure tales, 
articles on getting started in ham radio, and human interest stories with an amateur radio theme. If 
you have something you think would be of interest to our Horizons readers, I would like to have the 
opportunity to consider it for publication. 

Once a month we set aside one or two days to go over all the manuscripts that have come in dur¬ 
ing the previous month. Since I seldom use more than a dozen articles in any issue, I don't accept 
more than that during any one-month period. This is sometimes a nearly hopeless task because there 
may be three-dozen or more to be considered. The first things I look for are originality and interest 
value. If the contribution passes this test, the next thing I look for is technical accuracy and attention 
to detail. 

The contributed article doesn't have to be a literary masterpiece to be accepted. If you have a 
good idea and it's well documented, if the illustrations and technical discussion are clear and ac¬ 
curate — you may have a winner! On the other hand, if the article rambles from one topic to another, 
or presents inaccurate or misleading information, you will receive a rejection slip. 

If your article has been accepted for publication, don't expect to see it published in the very next 
issue. The production times for a monthly magazine are probably much longer than you ever imag¬ 
ined. The articles for this issue, for example, were being prepared for publication during the month of 
May. As you are reading this we are putting together material for the December issue of ham radio. 

In addition to writers, I am always on the lookout for new and unusual ways of looking at amateur 
radio, especially for Ham Radio Horizons. If you are an illustrator, painter, photographer, or sculptor, 

I would like to have an opportunity to review drawings, slides, or pictures of artwork for possible 
future consideration. Media can include airbrush, pen and ink, wash, watercolor, oils, collage, paper 
sculpture, ad,infinitum) subject matter includes full-color covers and lead artwork for articles cover¬ 
ing every aspect of amateur radio: antennas, hamshacks, satellites, vhf fm, DXing, field days, etc. 
Obviously, all artwork which is submitted for publication must be of professional caliber. Artwork 
done on consignment involves preliminary layouts or sketches, and must follow a regimented dead¬ 
line schedule. If the prospect interests you or any part-time Rembrandts you know who enjoy ama¬ 
teur communications, write directly to our art editor, Jim Wales, for more information. 

Jim Fisk, W1HR 
editor-in-chief 
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EXPANSION OF U.S, AMATEUR PHONE bands, proposed in four Petitions for Rule Making 
(RMs 1 150 , 7578, 2875, and 29W) > has been rejected by the FCC. The Petitions were dis¬ 
missed on the grounds that the subject had already been covered in Docket 19162 and that 
the subject had already been covered in Docket 19162 and that strong opposition from 
overseas Amateurs made any U.S. subband expansion unwise at this time, just before the 
1979 World Administrative Radio Conference, where the bands are likely to be shaken 
up anyway. 

RESPONSE TO THE EIGHTH NOTICE of Inquiry on WARC 79 was by far the heaviest yet, with 
almost all of the increase apparently from Amateur Radio ranks. In a quick review of 
the 400 or so Amateur submissions, the majority — perhaps 95% — were concerned prin¬ 
cipally with potential Amateur losses at 160 and 80 meters and changing 40 to exclusively 
Amateur use, Most said a few words endorsing a new band at 160-190 kHz. The proposed 
new 10, 18, and 24 MHz Amateur bands got surprisingly little comment — though one Ama¬ 
teur actually opposed them as being ripoffs by Amateur equipment manufacturers so they 
can sell new gear I 

Still Another Notice of Inquiry appears likely, with the end of September the target 
date topermit replies to be in and analyzed before the year’s end. This N0I, if it does 
come out at all, would be of limited scope, probably touching only those areas in which 
severe conflicts still remain. 

A COMBINED AMATEUR MEDIA and WARC Advisory Committee for Amateur Radio meeting is be- 
ing considered for sometime in October, following release of the anticipated additional 
WARC Notice of Inquiry. Tentative plans are to have the two-day session in Gettysburg, 
where excellent meeting facilities are available and those attending would have a chance 
to see the Commission's licensing facility in operation. 

Suggestions As To Topics for the media meeting, timing and location shouLd go to 
John Johnston at the FCC. 

CB RULES VIOLATORS and "HF" outlaws are losing not only their CB licenses but their 
right to upgrade (legitimately) to an Amateur license. FCC releases have detailed a num¬ 
ber of such cases in which an otherwise qualified applicant for an Amateur license was 
rejected because of a past history of FCC rules violations, plus several cases in which 
the licenses of Amateurs were revoked for operating on the "HF" frequencies just 
below 28 MHz. 

Instructors Of Amateur Radio training courses would do well to warn their students of 
the risks that illegal operating poses to their future Amateur licenses. 

FIELD DAY NETTED AN AIRCRAFT CONTACT for W8TN that won’t be included in his Field Day 
scor7"TTuF did generate some nice publicity for Amateur Radio in area papers. He and 
WD8CPN had set up at the Jackson County (West Virginia) airport and were still going 
strong at 4 AM when they heard an airplane circling the darkened field. After attract¬ 
ing the pilot's attention with a flashlight, Clark was able to contact him by using the 
radio in a parked aircraft and learned he’d been trying unsuccessfully to activate the 
field’s radio-controlled runway lights (they were down due to construction damage a 
week earlier). The two Amateurs then positioned cars at opposite ends of the runway with 
their headlights on, and, after making an exploratory pass, the pilot landed safely. 

OSCAR 8' S ORBITAL DATA is off 0.00205 minutes per orbit, an error of two minutes, 

55 seconds for orbit 1427, for example, and three minutes and 35 seconds for orbit 1748. 

OSCAR 8's Delta Launch Vehicle’s first stage was mistaken for OSCAR 8 by the tracking 
radaF] leaving OSCAR 8unnoticed above and behind the rest of the launch payload and 
accounting for the error in its orbital data. At present OSCAR 8 is about 1700 km behind 
its "imposter." Updated correction data for the OSCAR 8 orbital predictions will be pro¬ 
vided periodically, rather than by attempting to prepare a predictions booklet this year. 

AT THE JULY BOARD meeting, the Directors approved the CAC’s recommendation that the 
1979ARRL DX Contest be cut back to one weekend per mode, with the specific weekends still 
to be decided. In addition, any submitted log with 2% unpurged duplicate contacts will 
result in automatic disqualification. Also, more than 2% "rubber-clocking" — the prac¬ 
tice of running over the permitted amount of operating time, will similarily result in 
automatic disqualification. 

ANOTHER SUPER POWER RADAR is reported to be about ready for test in or near unspecified 
Amateur VHF/UHF bands. Any reports of reception of pulse-type signals in the Amateur bands 
should be reported to ARRL and ham radio. The system in question is supposed to be a 10-15 
megawatt over-the-horizon radar. 

HAWAIIAN USE OF 1800-1810 kHz has been extended indefinitely by IRAC following a one- 
year trial period during which no interference to Pacific area navigational signals was 
no ted. 
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calculator design 

Dear HR: 

I just have to tell you how much 
I've enjoyed and appreciated your 
articles in the last six months or so on 
various kinds of design approaches 
suitable for use with pocket cal¬ 
culators. 

The Whyman pi network article in 
the September, 1977 issue; the 
Anderson circuit analysis article in 
the October issue; and the Ball satel¬ 
lite tracking article in the February 
issue were very good indeed; and you 
really hit the jackpot with the Ander¬ 
son, Hoff, McNally-Keen, Fisk, and 
MacCluer articles, in March, 1978 
ham radio. While I'm still digesting 
this last batch, you come along with 
several more juicy items in April and 
May; so unless you slacken up a bit, 

I may never catch up. 

I acquired a TI-59 calculator just 
about the time this string started and 
have really enjoyed the task of dig¬ 
ging into all the design methods and 
programming them for my Tl ma¬ 
chine. Having to 'Translate'" the HP- 
25 program listings into the corre¬ 
sponding algorithms only added to 
the spice. And, with the 480-step/ 
60-memory capacity of the TI-59, 
there was plenty of room to expand 
and improve the programs. I recall 
that one of the articles mentioned 
that the calculations were awkward 
to handle on non-RPN calculators, 
but I found them to be very straight¬ 
forward and easy on theTI — 59. 

It is a bit ironic that I no longer have 
any real need for any of this. I retired 
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from my engineering career about 
three and a half years ago at age 
67, so have no use for it professional¬ 
ly. I got back on the ham bands at 
about the same time (after being off 
some forty-four years), but am not 
particularly interested in doing my 
own building or design work. There is 
just a very high degree of simple intel¬ 
lectual pleasure in finding out what 
really goes on in networks, transmis¬ 
sion lines, and the like. 

The orders of magnitude improve¬ 
ment in the speed and accuracy with 
which one can do complicated cal¬ 
culations can really make all those 
equations in our musty old engineer¬ 
ing textbooks come alive in a way 
they could never do when one had to 
struggle with manual calculations, 
slide rules, and log tables. What an 
incalculable boon the calculators 
must be to young engineers just 
starting out and facing the awesome 
potential range of engineering knowl¬ 
edge and techniques. 

These marvelous little calculators 
can also be used in ways which were 
never contemplated by their de¬ 
signers. I've come up with one such 
use for my Tl —59, a fairly simple 
little program that will convert the 
TI-59 into an ID timer to let me know 
when it is time to send my call sign 
during a QSO. 

Robert F. White, W6PY 
Palo Alto, California 


noise bridge 
construction 

Dear HR: 

I have just finished constructing 
and compensating the noise bridge 
described in the February, 1977, 
issue of ham radio. I had not ex¬ 
pected that a major source of trouble 
would be the 180 pF capacitor. First, 

I used a ceramic capacitor, since I 
assumed it would be the least induc¬ 
tive. But, after a long and often dis¬ 
appointing search for the source of 
the erroneous behavior of my bridge, 

I found that this capacitor had 1 or 2 
ohms of effective series resistance. 


Since the equivalent parallel resis¬ 
tance at 28 MHz, was only 500 ohms, 
the R p reading was too low at the 
higher frequencies. Several different 
types of capacitor were tried, but 
most of them gave the same poor 
results. The only good results were 
obtained with a Philips 82 pF ceramic 
capacitor, and later with a 180-pF 
"micropoco" capacitor of the same 
brand. The latter type is a miniature, 
tubular-molded film capacitor with a 
polystyrene dielectric. 

With this capacitor, the compen¬ 
sation of the bridge was completed 
as described. It certainly pays to give 
some attention to this detail before¬ 
hand, as it took me quite a long time 
to find out what was wrong with my 
bridge. 

I built the series range expander in 
a UG-260/U and a UG-1094/U screw¬ 
ed together. The dielectric and the 
center conductor of the UG —1094/U 
have to be shortened, and a little 
hole is drilled into the remaining part 
of the center conductor. The two are 
locked with the large nut from the 
UG-1094/U. 

Arjen Raateland, OH2ZAZ 
Helsinki, Finland 

micoder matching 

Dear HR: 

In your May, 1978, issue of ham 
radio, Wesley Johnson presented a 
circuit in the ham notebook for im¬ 
pedance matching of a Heath HD- 
1982 micoder. It works beautifully. 
However, he specifies miniature 
Calectro coupling capacitors. Like 
many hams, I just couldn't find these 
parts anywhere. I eventually sub¬ 
stituted 0.47 /xF and 4.7 pF Radio 
Shack tantalum caps; they are small 
enough and can easily be purchased. 

I made a 2.5 x 2.5 cm (1 x 1 inch) 
printed circuit board and as he de¬ 
scribed, it fits perfectly between the 
top mounting posts and the case. 
Using the micoder with a Yaesu 
FT227R yields very good audio re¬ 
ports. 

R. A. Stellarmi, WB8VUN 
Canton, Ohio 




simple and efficient 

broadband balun 


Construction of a 
new, improved balun 
which introduces 
no reactive components 
to the antenna 
feed system 


Balanced versus unbalanced, balun or no balun — 
how many times have you heard long, philosophical 
discussions on this subject? I must admit I have had 
many sessions on the subject myself. Some of the 
pros and cons on baluns will be discussed in this arti¬ 
cle; then a new and improved broadband balun de¬ 
sign will be described. 

Baiun vs no balun 

It seems obvious that a ground-plane antenna is an 
example of an unbalanced antenna and therefore can 
be fed directly with an unbalanced feedline such as 
coaxial cable. It also seems obvious that a center-fed 
dipole is a balanced antenna and therefore requires a 
balanced feed system. This could be twin lead, open- 
wire line, or a balun fed with coax cable. 

Judging from discussions heard on the air, it isn't 
obvious why a balanced feed system is required or 
what it "buys" the user. Reading the advertisements 
of some manufacturers could lead you to believe that 
a balun is required to prevent TV I or to lower your 
vswr. This is nonsense, as you will see later. 


By Joe Reisert, W1JR, 17 Mansfield Drive, 
Chelmsford, Massachusetts 01824 
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SHIELD Vjj 

11 CURRENT ON CENTER CONDUCTOR 

12 CURRENT ON INSIDE OF SHIELD 

13 CURRENT ON OUTSIDE OF SHIELD 

fig. 1. Three-wire representation of a coaxial feedline. 

Over the years, coaxial feedline has become very 
popular while open-wire lines have practically vanish¬ 
ed. One erroneous and often-heard story is that 
open-wire lines radiate, while coax does not; this is 
not true. The main reasons coax cables are popular 
are that they do not require special mounting tech¬ 
niques and they are easily monitored for both power 
and vswr. This has often led to the use of coax cables 
to directly feed a balanced antenna, especially on the 
amateur bands below 14 MHz. 

There is a simple way to look at this situation; 1 ^ a 
coaxial cable can be viewed as a three-wire feed sys¬ 
tem since the skin effect will allow one current to 
flow on the inside of the shield and another, a differ¬ 
ent current, on the outside (see fig. 1). The current 
on the inside of the shield is equal and opposite to 
the current flowing on the center conductor. The 
current on the outside of the shield, however, is a 
function of the currents induced by the field of the 
antenna (see fig. 2). This current is affected primarily 
by the geometry; the least current on the outside of 
the coax occurs when the feedline is at a right angle 
to the antenna, a rather unlikely situation. 

How does feeding a balanced antenna directly 
with a coaxial cable affect the antenna's perform¬ 
ance? The most obvious point is that when a horizon¬ 
tal antenna is used, the feedline re-radiation, if pres- 
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COAXIAL 

FEEDLINE 


fig. 2. Current on the outside of the coaxial shield, is af¬ 
fected by relationship of the feedline to the antenna. /, is 
minimum when the feedline is located at right angles to the 
antenna. 


ent, will most likely be in the vertical plane. Hence, 
some of the transmitted signal will also be radiated 
vertically. Below 14 MHz this probably won't de¬ 
grade performance because the antenna pattern is 
probably already distorted — a little vertical radiation 
may fill in some nulls as well as radiate some power 
at lower angles. Another effect will be to cause rf 
feedback ora "hot" rig. 

When balanced, directional antennas are fed with 
coax, however, especially on 14 MHz and above, the 
feedline re-radiation as described above can be dev- 
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X 


UNBALANCED 

fig. 3. Construction of the improved broad-band balun. 

astating, since it may cause undesirable high-angle 
signal off the back of the antenna or strong, local, 
vertically polarized signals which interfere with weak 
DX signals. Therefore, if coax cable is to be used to 
feed a balanced antenna, always use a balun. 

balun types 

The most common baluns are the toroid and fer¬ 
rite-rod types. 1 * 3 The biggest problem with all these 
baluns is that they are all frequency sensitive to one 
degree or another, especially if a wide frequency 
range (3 to 30 MHz) is desired. Personally, I have had 
the best luck with the ferrite-rod type. 

There are several other problems with toroid and 
ferrite-rod baluns: they all have some loss and, if not 
perfectly constructed, can introduce a mismatch; a 
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fig. 4. Measured vswr of a TH6DXX antenna on 20 meters 
with a ferrite-rod balun compared to vswr with the im¬ 
proved coaxial balun. The ferrite-rod balun contributes reac¬ 
tive components to the feed system, as discussad in the 
text. 

less understood problem is the effect of using a 
toroid or ferrite-rod balun with a mismatched anten¬ 
na, a common situation since a 1:1 vswr is only pres- 
ent at one discrete frequency on any band. This led 
me to search for a new type balun which did not suf¬ 
fer from these problems. 

new type of balun 

In the search for a better balun, I studied the coil of 
coax approach which is recommended by several an¬ 
tenna manufacturers. This type of balun solves some 
of the difficulties with mismatch loss, since the impe¬ 
dance is constant, but the thought of using 6-10 
meters (20-30 feet) of coax with its loss was not too 
appealing. 

Looking at fig. 2, it seems that all we have to do is 
prevent rf current from flowing on the outside of the 
coax. In other words, we must devise an rf choke on 
the outside of the coax shield. This can best be ac¬ 
complished by wrapping the feedline on a ferrite rod 
or a toroid core, but some external field will still be 
present. 

Then I saw an article on a super toroid, one that 
had almost no external field. Vo/ia, an answer to my 
prayer! I quickly wound some RG-58/U coax on a 
Micrometals T-200-2 toroid, but results were disap¬ 
pointing. I reckoned that an inductive reactance of 
500 ohms on the outside shield should be a minimum 
requirement. But the permeability of this powdered- 
iron toroid is so low that 14 turns were required on 10 
meters — the toroid was barely large enough for that 
many turns, and 40 turns were required on 3.5 MHz! 
Hence, a search was conducted for a better core. 

Then I looked at Indiana General's Ferramic cores 
and noted that the permeability of their Q1 material 
was 125 and suitable for operation from 3.5-30 MHz. 
The F568-1 core* also has a larger inside diameter — 

•Indiana General toroids and coaxial cable are available from G. R. White- 
house, 10 Newbury Drive, Amherst, New Hampshire 03031. 


35.5 cm (1.4 inch) versus 28.5 cm (1,25 inch) for the 
T-200 toroid. With the higher permeability, a suitable 
balun could be built at 3.5 MHz with only 12 turns of 
coaxial cable. Also the strays are lower, since the 
balun is based on coax which has the same impe¬ 
dance as the antenna. 

construction 

The new toroid balun construction is shown on 
fig. 3. Note that an even number of turns is pre¬ 
ferred, with half the turns going on one side and the 
other half in opposition. Note also that the ends of 
the coax are on opposite sides of the toroid, which is 
very desirable mechanically. 

For a kilowatt balun for 3.5 to 30 MHz, the Indiana 
General F568-1 type core is preferred. RG-8/U coax 
is too large and RG-58/U is undesirable except for 
levels below 200 watts. A check of available coax 
cables narrowed the choice to RG-141/U, which is 
approximately 6.35 cm (0.25 inch) 0D with a Teflon 
dielectric and can easily handle 1000 watts. How¬ 
ever, RG-142/U is also acceptable but is quite costly, 
since it uses a double silver-covered braid. W2DU 
has also suggested RG-303/U. A 12-turn balun re¬ 
quires approximately 90 to 100 cm (36-40 inches) of 
coaxial cable. 

Table 1 shows the minimum required turns versus 
frequency. Hence, a 10-turn coil would suffice for 
7-30 MHz, but 12 turns are desired for 3.5-30 MHz 
and should also work at 1.8 MHz with slightly poorer 
performance. For lower frequencies the type TC9 
core material would be a better choice with an appro¬ 
priate number of turns as discussed above. 


Photograph of the improved broad band balun. The cast 
aluminum box is a Bud CU234 or similar. 
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The finished toroid can be placed in an aluminum 
or plastic box. I mounted mine in a Budd-type CU234 
cast-aluminum box with a connector at one end and 
two insulated, ceramic feedthroughs on the sides. 
The coax shield should be debraided at each end and 
then twisted for insertion in the connector and solder 
lugs as shown in the photograph. 

performance 

I reasoned that a simple lab test would be to ter¬ 
minate the balun in its characteristic impedance, 
measure the vswr, and then measure the vswr with a 
short from the center pin side of the load to ground. 
If the balun is truly balanced, the short circuit should 
not affect vswr to a large degree. Indeed, a 10-turn 
balun tested at 10 MHz showed only negligible 
change when either of the output leads was ground¬ 
ed. Similar results were noted at frequencies with 
proper turns. Loss was negligible. 


table 1. Minimum number of turns vs. lowest frequency of 
operation for the improved broad-band balun {assumes 500 
ohms reactance for 50-ohm system). 


frequency 

inductance 

turns 

T-200-2 

turns 

F568-1 Q1 

3.5 MHz 

22.74 H 

40 

12 

7 MHz 

11.37 H 

28 

10 

14 MHz 

5.69 H 

20 

6 

21 MHz 

3.79 H 

16 

4 

28 MHz 

2.84 H 

14 

4 


The supreme test was to replace my ferrite-rod 
balun on a TH6DXX tribander to see if the vswr 
would change. You will note from fig. 4 that the orig¬ 
inal balun had a higher vswr at resonance and a 
somewhat lower vswr at the high end of the band 
than the new improved balun. This confirms that the 
ferrite-rod balun introduces a mismatch at reso¬ 
nance. The lower vswr at the high end of the band is 
probably due to the increased loss of the ferrite-rod 
balun, which tends to make the vswr look lower than 
it really is. Additional baluns are also now in use on a 
160-meter dipole and several G5RV slopers on 80 and 
40 meters. 

other variations 

This balun is not restricted to 50 ohms; indeed, any 
impedance coax could be used if the turns are calcu¬ 
lated to yield a reactance at least 10 times the impe¬ 
dance. Smaller or larger cores or coax can also be 
used if lower or higher power is required. In addition, 
this type of balun is not frequency-limited to the high 
frequencies; it also works well at vhf if attention is 
paid to layout and lead length. The beauty of this 
type of balun is that it does not introduce any addi¬ 
tional reactive components to the feedline. 



fig. 5. Smith chart plot of a 10-turn broad-band balun built 
by W1JR, as measured by DJ2LR over the frequency range 
from 1 to 30 MHz. Vswr is 1.3:1 or less on all high-frequency 
amateur bands. 

I would like to express special thanks to Walt Max¬ 
well, W2DU, and to Ulrich Rohde, DJ2LR, for their 
encouragement and assistance in preparing this 
material. 
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20 meter 

delta-loop array 


The use 
of a scale model 
and simple, 
but effective, 
construction techniques 
produces an effective 
delta-loop array 

The cubical quad type of loop antenna has been a 
very popular and effective antenna for amateur use 
between 14 and 30 MHz. The Vagi antenna is prob¬ 
ably the most popular of all amateur antennas, and 
both types have their avid defenders for the most 
"effective" antenna on a particular band. An excel¬ 
lent comparison of the two antennas is presented in 
an article by Lindsay, W0HTH . 1 There is another 
type of loop antenna, however, which is generally 
overlooked in amateur publications — the delta loop. 
The delta loop is simply another configuration of a 
full-wavelength loop antenna like a quad, but the del¬ 
ta loop offers certain advantages: plumber's delight 
type construction and extremely good vswr band¬ 
width. 

There have been few articles written on either the 
design or the construction of the multi-element delta- 
loop antenna, 2 -3 and none describe the antenna for 
use on 20 meters. After reviewing the available infor¬ 
mation, I concluded that the reasons for neglecting 
the delta loop on 20 meters were the physical size of 
the antenna and the resultant problems with suc¬ 
cessful construction. I hope that my results will bring 
to light a successful construction technique and a 
proof of performance that will encourage other ama¬ 
teurs to experiment with and use this antenna. 

delta loop usquad 

Consider the current distribution of the familiar 
quad loop antenna shown in fig. 1. A current rever¬ 
sal occurs at the junction of each half wavelength 
section, so there is a current minimum in each verti¬ 


cal leg and a current maximum 180 degrees from the 
feedpoint. The electric field polarization of the quad 
loop is derived from the fact that the vertical compo¬ 
nents of the current elements produce radiated fields 
that tend to cancel each other, yi+y 2 =y$+y4 = 0, 
and the horizontal components of the current ele¬ 
ments produce radiated fields that are additive, 
xi + *2 + x 3 = x 0t where x 0 is the effective field-pro¬ 
ducing current of the loop. The polarization of the 
electric field is a plane perpendicular to the plane of 
the loop. This same explanation of the properties of 
the full wavelength loop apply whether the loop is a 
square, a diamond, a circle, or a triangle. 

For the case of the triangular or delta loop anten¬ 
na, the current elements are shown in fig. 2. Again, 
the current reversal occurs at the junction of each 
half wavelength. Each current element can be broken 
into vertical and horizontal components. The vertical 
components of the current elements produce radiat¬ 
ed fields that tend to cancel each other. Unlike the 
square loop, diamond, or circle, the delta loop pro¬ 
duces a horizontal field component (proportional to 
Xi +X 4 ) which is 180 degrees out of phase with x 0l 

CURRENT 



I fig. 1. Current flow in a one-wavelength square loop pro¬ 
duces two current nulls, one at the center of each vertical 
side. However, the horizontal current components do not 
cancel, producing horizontal polarization. 

By Glenn Williman, N2GW, 145 Whalepond 
Road, Oakhurst, New Jersey 07755 
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the effective field current. Due to the geometry of 
the delta loop, however, the magnitude of this com¬ 
ponent, when compared with the magnitudes of all 
other horizontal components, yields the same overall 
effective field component as the other types of loops, 
x 0 . Therefore, although the shapes of different full- 
wavelength loops vary, the effective field produced is 
of the same magnitude and of the same polarization 
when fed at corresponding locations. Admittedly, 
the preceding discussion is a simplistic view of elec¬ 
tromagnetic field theory, but, without getting 
bogged down in the math involved, the concepts are 
adequate to subjectively describe the radiation of the 
loop antenna. 

It is interesting to note that there is evidence that 
for a simple full-wavelength loop, the gain is approxi¬ 
mately 4 dB above isotropic. In other words, assum¬ 
ing 2.15 dBi gain for a half-wave dipole, the full-wave 
loop shows a gain of 1.85 dBd (dB above half-wave 
dipole). This predicted gain differential has been ex¬ 
perimentally supported by Lindsay's results. 1 The ef¬ 
fect of this differential is to say that, for a given boom 
length, the loop parasitic array will exhibit a 1.85 dB 
gain above a Yagi array. Stating it another way, Lind¬ 
say's results show the array length of a Yagi must be 
about 1.8 times as long as the length of the loop par¬ 
asitic array. This explains why an optimally spaced 2- 
element loop array is comparable in gain to an opti¬ 
mally spaced 3-element Yagi array. 

antenna model 

Since I was unfamiliar with the delta loop when I 
began this project, I decided the easiest way to ex- 
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fig. 2. In a full-wavelength delta loop, the electric field is the 
same as that of the other configurations due to cancellation 
of the current components. 


o* 



ISO• 


fig. 3. E-field patterns from the scale-model 2-element delta 
loop. This test was performed at 147 MHz and produced a 
fronttoback ratio of 22 dB and a front-to-side ratio in excess 
of 30 dB. The half-power beamwidth measured 65 degrees. 


periment with a design for the antenna would be to 
build an operating scale model. A model design fre¬ 
quency of ten times the intended frequency reduced 
the dimensions by a factor of ten. I chose 147 MHz 
for the model because the dimensions were manage¬ 
able and measurements could easily be made on 2 
meters. 

The generally accepted formulas for element 
length worked very well. 

driven element = . meters 

JMHz 


. 1005 

/MHz 


feet 


reflector = ?- meters 

JMHz 


_ 1030 
ImH ; 


feet 


An element spacing of 0.17X was chosen, as there 
was no noticeable difference between that and 0.2X 
as seen using the model. Also, 0.17X translated very 
closely to a 3.7 meter (12 foot) boom length on the 
full-size antenna. The model was constructed using 
6.5 mm (1/4 inch) copper tubing for the sides of the 
loops and wire for the tops of the loops. The size of 
the copper tubing was a poor choice for the model 
because it presented an unrealistic element-diame- 
ter-to-wavelength ratio. But, as it turned out, the 
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Scale model of the 2-element delta loop. This model was 
used for measurements at 147 MHz. 


performance of the model accurately predicted what 
I would eventually find with the 20-meter antenna. 

Two methods of feeding the antenna were also 
tried. Measuring a single circular loop of wire showed 
the resistance to be between 140 and 150 ohms. 
With a 4:1 balun feeding the driven element, the 


vswr was about 1.4:1, as would be expected. A bet¬ 
ter match was obtained with a conventional gamma 
match, and a vswr of 1.1:1 was easily obtained. Both 
matching schemes provided an extremely wide vswr 
bandwidth. At the design frequency of 147 MHz, the 
vswr remained below 1.5:1 for 18.4 MHz ( -9.4 MHz 
to +9.0 MHz), or a bandwidth of slightly greater 
than 12 per cent E-field patterns were also measured 
with both versions of the scaled antennas, with the 
results shown in fig. 7. Using laboratory grade test 
equipment, the gain was measured on both versions 
and found to be8 dBd at the design frequency. I was 
very encouraged with these results, and while I 
worked on the design of the full-size version, the 
model was used on 2 meters (vertical polarization is 
obtained by rotating the array 90 degrees — on its 
side). 

construction 

Each delta-loop element consists of two arms of 
aluminum tubing joined together at one end of the 
boom, with a third arm of wire completing the loop. 
As determined from an unsuccessful construction at¬ 
tempt, the critical part of the design is a reliable 
method of attaching the delta elements to the boom 



fig, 4. Drilling template for the element mounting plates. 
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— a method which will be stable in high winds and 
remain as light in weight as possible. I devised the 
following solution: 

Two triangular aluminum plates are cut from 6.5- 
mm (1/4-inch) stock and shaped into the form 
shown in fig. 4. These plates are then welded onto 
the boom. (Any local welder with the ability to work 
with aluminum should be able to do the job inexpen¬ 
sively.) Care should be taken to ensure that both end 
plates are perfectly parallel and are not skewed 
around the boom. This would tend to make the as¬ 
sembled antenna unbalanced and will also degrade 
the front-to-back ratio. 

Next, using fig. 4 as a guide, holes for the galvan¬ 
ized pipe clamps are drilled in the end plates. The 19- 
mm (3/4-inch) pipe clamps work very nicely, and are 
a good deal less expensive than 25.5-mm (1-inch) U 
bolts. With respect to the end plate vertical center- 
line, each leg is angled 40 degrees, making a total 
angle of 80 degrees between the two legs. After both 
end plates are drilled and the pipe clamps are loosely 
mounted, one pair on each side of the plate, most of 
the work is done. All that remains is to make up the 
individual arms. 

Each of the four arms is identical, consisting of a 
2.7-meter (9-foot) section, a 2.4-meter (8-foot) sec¬ 
tion, and another 2.4-meter (8-foot) section, with re¬ 
spective diameters of 25.5 mm (1 inch), 22 mm (7/8 
inch), and 19 mm (3/4 inch). Since this tubing is usu¬ 
ally supplied in 3.7-meter (12-foot) lengths, the extra 
1.2-meter (4-foot) section of 22-mm (7/8-inch) tub¬ 
ing is inserted into the bottom of the 25.5-mm (1- 
inch) tubing. One end of the 25.5-mm (1-inch) and 
22-mm (7/8-inch) tubing is slotted, with hose clamps 
securing the three sections together. In addition, two 
sheet metal screws are used to secure the piece of 
22-mm (7/8-inch) reinforcing tubing. All the alumi¬ 
num should be type 6061-T6. 



fig. 5. Final dimensions for the two-element delta- 
loop array. 



Details of the gamma match system. Moving the tap point 
of the gamma arm and changing the amount of coax insert¬ 
ed in the gamma arm will allow you to adjust for minimum 
vswr. 

After the four arms are completed, the top of each 
is drilled to accept a small eyebolt. The wire legs are 
then cut to the appropriate lengths and wrapped and 
soldered to the eyebolts. If the eyebolts are cleaned 
and well fluxed, a small blow torch will ensure a well- 
soldered joint. 

The (ast item to be made is the plate that is used to 
attach the boom to the mast. This should be made of 
6.5-mm (1/4-inch) aluminum or 3-mm (1/8-inch) 
steel. The boom is attached to the plate with 5.1-cm 
(2-inch) muffler clamps and the mast is attached us¬ 
ing U bolts of the size required for the mast. The 
boom is a 3.7-meter (12-foot) length of 5.1-cm (2- 
inch) OD tubing with a 3-mm (1/8-inch) wall thick¬ 
ness, also of 6061-T6 material. Fig. 5 shows the di¬ 
mensions of the assembled antenna. 

final assembly and testing 

The antenna should be assembled either on the 
ground, using a ground-rigged mast, or in a position 
where it can easily be reached. I assembled mine on a 
1 -meter (3-foot) roof tower, but only after I had prov¬ 
en to myself that everything would fit. 

Fix the boom to the mast and tighten all the 
clamps securely. Then, with someone to help sup¬ 
port the boom, insert one leg at a time into the end 
plate and tighten the securing clamps. After both 
legs are in place, the completed element will be well- 
balanced and self-supporting. Finally, move the 
other end of the boom and complete assembly of the 
other element. The basic antenna is now complete, 
and all that remains is to add the gamma match as¬ 
sembly shown in fig. 6. 

The gamma-match assembly is a length of 9.5-mm 
(3/8-inch) aluminum tubing, slotted at one end and 
bent at the other to the dimensions shown. The outer 
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braid of the coax feedline is stripped away (about 1 
meter [3 feet]) and the center conductor, with its in¬ 
sulation, is inserted into the gamma rod. The center 
conductor of the coax and tubing form the gamma 
capacitor, with the coax center-conductor insulation 
forming the capacitor dielectric. The length of coax 
inside the gamma rod is adjusted for minimum vswr 
and then secured by a small hose clamp at the bot¬ 
tom of the gamma rod. This is a trial-and-error proce¬ 
dure, and successive lengths of the center conductor 
can be cut off until the right amount of capacitance is 
obtained for resonance. Best results will be obtained 
if the vswr is measured right at the antenna while the 
adjustments are being made. 

One obvious advantage of working with the scale 
model is the ease with which performance tests can 
be made. The measurements are more difficult to 
make with the full-size array, but the agreement in 
results obtained between the model and the full-size 
version was very good, and convinced me of the per¬ 
formance of the full-size version. Fig. 7 shows the 
vswr and the front-to-back ratio measured at a dis¬ 
tance of about 300X. The reflector is easily tuned by 
loosening the pipe clamps and sliding the tubing 
down, thus shortening the overall circumference of 
the reflector loop. The initial dimensions for the re- 


\ 



fig. 6. Details of the gamma match for feeding the delta loops. 




Boom length 
Turning radius 
Weight 

Wind load 97 km/h 
(60 mph) 

Forward gain 
Front~to~back ratio 
1.5:1 vswr bandwidth 
Impedance 

Ha If-power beamwidth 
Cost 


3.7 meters 02 feet) 

4.3 meters (14 feet) 

18.1 kg (40 pounds) 

36.3 kg (80 pounds) 

8 dBd 

>20 dB 
1 MHz 

52 ohms with gamma match 
65 degrees horizontal 
$100 price range 


fig. 7. Front-to-back ratio and vswr curves for the full-size 
delta loops. 


flector were purposely made long so that tuning 
could be accomplished. 

conclusion 

The 2-element delta loop has been a real performer 
for me. It's allowed me to compete in several DX pile- 
ups and compare favorably with others using full-size 
3-element Yagis and 2-element quads. Even after 
my linear was recently sidelined, I was still able to 
work out very nicely just using my exciter. Also, the 
low vswr allowed me to bypass my antenna tuner 
and still enjoy a vswr of less than 1.5:1 across the en¬ 
tire band. 
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T-network 


impedance 
matching 
to coaxial 
feedlines 

Design of a 
five-band T-network 
for matching antennas 
to 50 -ohm 
transmitters 


The output circuits of almost all high-frequency 
transmitters, transceivers, and power amplifiers are 
designed for use with coaxial transmission lines. 
Most have a nominal impedance rating of 50 ohms; 
this means the equipment would like to see 50 +j0 
ohms at the output terminals. The transmitter or 
amplifier is then matched to the antenna for any 
length of line; maximum power is transferred and 
loading is easy because the net effect is equivalent to 
connecting a 50-ohm non-inductive resistor across 
the output terminals. Reciprocally, this optimum 
condition also applies to receivers designed for 50 
ohms input — maximum power transfer occurs from 
antenna to receiver. 

It is not difficult to achieve the matched condition 
at a single frequency in a single high-frequency ama¬ 
teur band, but few amateurs limit their operation to a 
single frequency. Two simple antennas with low 
feedpoint impedance (when cut to resonance) that 
have an input resistance close enough to 50 ohms to 
make a reasonably good match with direct coaxial 
feed are shown in fig. 1. The quarter-wavelength 
vertical operated against a good ground has an input 
resistance near 35 ohms, and the half-wavelength 
center-fed dipole has an input resistance near 70 
ohms. In both cases the standing wave ratio is less 
than 1.5:1 when 50-ohm coaxial cable is used and the 
tuning circuits in the transmitter can easily compen¬ 
sate for this small amount of mismatch. 


By Jack M. Shulman, W6EBY, 789 Garland 
Drive, Palo Alto, California 94303 
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In practice there are two considerations which 
make the simple direct coaxial feed scheme of fig. 1 
unsatisfactory. First, many lowfeedpoint impedance 
antennas have an input resistance not equal to or 
even near 50 ohms. In fig. 2A for example, if input 
resistance R a is 17 ohms, a 3:1 swr will exist at termi¬ 
nals JK. The impedance at the sending end of the 
line, terminals AB, will then be a function of line 
length,* and, depending on this length, may contain 
both resistance and reactance. Fig. 3 shows impe¬ 
dances at all line lengths away from antennas which 
have an swr of 2, 3, and 4. These are determined 
from the constant swr circles which cross 2.0, 3.0, 
and 4.0 on the resistance axis of a Smith chart. 1 

The second consideration is that operation over an 
entire amateur band is usually desired, not just on 
one frequency. When an antenna with a low feed- 
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fig. 1. The quarter-wavelength vertical (above good ground) 
and half-wavelength horizontal dipole are two popular an¬ 
tennas which provide a suitable match to 50-ohm coaxial 
cable \R a = 35to70ohms)> 


point impedance is operated away from its resonant 
frequency, resistance changes at a slow rate but 
reactance departs from zero at a rapid rate as shown 
in fig. 4 . This is discussed in detail in reference 2, For 
any given antenna the actual value of R a and antenna 
reactance X a above and below resonance will de¬ 
pend on many variables: the conductor length-to- 
diameter ratio, antenna height above ground, orien¬ 
tation (horizontal or vertical), number and spacing of 
elements (if more than one), and proximity to con¬ 
ducting objects. Figs. 2B and 2C show the equiva¬ 
lent circuits of an antenna when operated above and 
below resonance. A typical set of swr measurements 
taken at terminals AB is shown in fig. 5. 

Whatever the exact values of R a and X a for any 
low feedpoint impedance antenna at any particular 
frequency in a band, the important point is they are 
low — probably less than 200 ohms in all cases over 
the frequency range of interest. It's the job of the 
matching network to make some low value of anten- 


*The impedance at the input of any transmission line is a function of the 
length of the line and the impedance at the load end. If the load resistance is 
purely resistive and equal to the characteristic impedance of the line, how¬ 
ever, the impedance at the input end is equal to the load impedance, re¬ 
gardless of the length of the line. 



fig. 2. Equivalent circuit of an antenna at resonance (A), 
above resonance (B), and below resonance (C). With 50-ohm 
coaxial line, if the antenna resistance R a is not near 50 ohms 
at resonance, the impedance at AB is a function of line 
length and the match may be unsatisfactory with direct co¬ 
axial feed. 


na impedance at terminals JK look like 50 + jO ohms 
at terminals AB. The T network is ideally suited for 
doing just that. Moreover, the T network can be 
made extremely simple with only two active compo¬ 
nents, one coil and one variable capacitor. The oper¬ 
ational fundamentals and design of such a network 
will be described in this article. 

impedance matching fundamentals 

Assuming that the impedance at the point on the 
line near AB where the matching network will be 
inserted contains both resistance and reactance, the 
matching process consists of two steps: 

1. Inserting opposite reactance at the output end 

of the network to result in a net reactance of zero 

2. Transforming the remaining resistance value to 

50 ohms 

The reactance initially present, as represented by 



fig. 3. Effect of transmission line length on impedance for 
swr of 2:1, 3:1, and 4:1. Concentric circles are constant swr 
values of R ±jX along the transmission line. 
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fig. 4, Typical change in resistance and reactance of an an¬ 
tenna as the operating frequency is moved away from reso¬ 
nance. The scales show the corresponding widths of each 
of the high-frequency amateur bands with resonance at the 
center of the band. 

+jX or -jX in series with R at terminals AB # will be 
low as indicated by fig. 3. To compensate for this 
reactance a low equal value of capacitive or inductive 
reactance must be inserted either in series or in paral¬ 
lel. If inductive reactance is needed, it can easily be 
provided with a small coil. If a small amount of capa¬ 
citive reactance is required, however, the size of the 
capacitor may be impractically large. 

A simple way to take care of the reactance com¬ 
pensation for either case is to incorporate a series in¬ 
ductance leg at the output end of the matching net¬ 
work, and vary that inductance a small amount 
above and below the design value. This can be done 
by adjusting a tap on the output end. A T-network 
inherently provides this series inductance leg. 

Having compensated for reactance at the output 
end of the network, the second step is to transform 
the remaining resistance to 50 ohms. A network con¬ 
taining inductance and capacitance is capable of do¬ 
ing this because for any series circuit containing R s 
and X 5 , fig. 6, there exists an equivalent parallel cir¬ 
cuit containing Rp and X p where in general R p is dif¬ 
ferent from R s . 

By definition, equivalence is the case where both 
series and parallel circuits exhibit the same magni¬ 
tude and phase angle of impedance to an external 
circuit. To state this another way, both circuits must 
have the same external circuit Q where Qis defined 


as X s /R s for the series circuit, and R p /X p for the par¬ 
allel circuit. 

The equations relating R p to R s and X p to X s for 
any value of () are as follows: 

Rp = Rs(Q? + V n) 



If Q is 5 or more, eqs. 1 and 2 can be simplified to 
the following with less than 4 per cent error. 


R p = d 2 R i 

( 3 ) 

x P =x s 

( 4 ) 


The L network in fig. 7 is the basic matching net¬ 
work for transforming one resistance at terminals AB 
to another at CD. The pi network and T network in 
fig. 8 can be thought of as two L networks con¬ 
nected in series. Because of the practical limitations 
on the size of capacitors for X p , L networks are best 
suited for matching a low resistance to a high 
resistance or vice versa. The pi network is best suited 
for matching a high resistance to a high resistance, 
and the T network for matching a low resistance to a 
low resistance. 

If a pi network is best suited for matching one high 
resistance to another high resistance, you might logi¬ 
cally question why it is so universally used in the out¬ 
put stages of transmitters and amplifiers where the 
output resistance to be matched is 50 ohms. One of 
the reasons the pi network is popular is that, if a set 



FREQUENCY 

lo - J 5 - 4 O MHl -O 

2 X-70-7 3 -K 

3A-A 14 0-14 35 

40 -o z/0-2145 

5*- 28 Q- 29.7 -» 

fig. 5. Plots of standing wave ratio as measured at the trans¬ 
mitter output terminals for an 80-meter inverted vee (1), 40- 
meter inverted vee (2), and three-band Yagi for 14 MHz (3), 
21 MHz (4), and 28 MHz (5). 
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of fixed coil taps is used for all high-frequency bands 
and if the resistance on the input side is near 50 ohms 
and there is little or no reactance, adjustment of the 
capacitor on the output side is noncritical for proper 
loading. 

If, however, the resistance is not near 50 ohms, or 
if considerable reactance exists on the output side 
(as occurs when changing frequency away from 
resonance), the pi network may not be able to pro¬ 
vide satisfactory loading. Adding a series inductance 
leg on the output side to form a pi-L network is one 
way to take care of this problem. 

T network external to transmitter 

A T-network assembled as an individual unit can 
be inserted in a coaxial feedline at any convenient 
distance from the transmitter, as shown in fig. 9. 
Any reactance which exists initially at AB can be 
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fig. 6. Equivalence of series and parallel circuits containing 
resistance and reactance. The equivalent element values 
may be determined from the relationship X s /R s = Rp/Xp. 


tuned out by moving the coil tap on x s! . Elements 
Xpi and X p2 of fig. 7D are combined into a single 
value of Xp equal to 

v _ X P* X P 2 
P Xpi + X p2 

The right-hand side of the T network transforms 
the low resistance at AB to a high resistance at CD. 
The left-hand side then transforms the high 
resistance at EF to 50+j0 ohms. The high resistance 
at CD to EF is referred to as the virtual or "appar¬ 
ent" resistance, transformed from AB and GH, 
respectively. The resultant virtual resistance across 

V's 

= Rpi Rp2 
P R p i + R p2 

If the resistance at AB in fig. 9 is 50 ohms, and the 
effective resistance at GH is also 50 ohms, the T net¬ 
work becomes symmetrical; X sI is equal to X s2 , and 


•The ARRL L/C/F Calculator Type A is available for $3.00 from the Ameri¬ 
can Radio Relay League, 225 Main Street, Newington, Connecticut 06111. 



fig. 7. L networks are very useful for transforming one resis¬ 
tance value to another. Design formulas for L networks are 
found in reference 3. 


X p is one half of X sl ; R pl is equal to R p2 , and their re¬ 
sultant, Rp, is one half of Rpj . 

T network with single 
center-tapped coil 

The two series inductance legs of the T network, 
X sl and X s2 (fig. 9), don't have to be separate coils. 
Use of a single center-tapped coil not only simplifies 
construction but also increases the effectiveness of 
the network in its operation as a lowpass filter to at¬ 
tenuate harmonics. Each of the two series legs must 
have a larger inductance than two separate coils 
would have for a given value of Q, and the extra in¬ 
ductive reactance additionally impedes the flow of 
harmonic currents through the network. 

Fig. 10A shows a center-tapped coil with connec¬ 
tions a and c at its ends, and b at the center tap. The 
equivalent circuit is shown in fig. 10B and the coil 
assembled into a T network in fig. 10C. When con¬ 
nected as in fig. 10C, the coefficient of coupling k is 
negative and the effective inductance of each coil 
half is less than L. 

Inductance of the coil alone, measured between a 
and c, is greater than twice the inductance between 
a and b or b and c by the factor 2Lk, where k is 
defined as the ratio of mutual inductance M to L. To 
obtain a desired value of L for a T network, a relation 
between k and coil dimensions is needed. A curve of 
k vs the length-to-diameter ratio of a center-tapped 
coil is available, 1 but the same data can be obtained 
directly for any given set of coil parameters by using 
an ARRL L/C/F calculator Type A.* 



fig. 8. L networks may also be combined into a pi network 
(A) or a T network (B). The design of pi networks is dis¬ 
cussed in references 4, 5, and 6. 
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There are only two active components to be con¬ 
sidered in designing a practical single-coil T network: 
the variable capacitor Cl and the full coil ac center- 
tapped at b. Determination of both depends on the 
lowest frequency at which the network is to be used, 


The effective inductance of L, L e , is L(1 + k). 

L e = 12.8 (1 - 0.21)= 10.1 fiH 

If the resistance at GH and AB is 50 ohms, and the 
full coil is in the circuit at 7.0 MHz, the network corn- 


fig. 9. A T-matching network 
inserted in the line at or near 
the transmitter output termi¬ 
nals. 



so you must decide whether this will be 3.5 or 7.0 
MHz. If you choose 3.5 MHz, a second decision must 
be made as to whether a very large coil should be 
used to give a network Q of 8 to 10 at that frequency, 
or a more reasonable sized coil to give that Q, at 7 
MHz. In the latter case an additional fixed capacitor 
must be switched across Cl for operation on the 
3.5-4.0 MHz band. 

An air-wound coil 6.35 cm (2.5 inches) in diameter, 
10.2 cm (4 inches) long, and 8 turns per inch (3 turns 
per cm) is readily available (BEfW 3030). It is of rea¬ 
sonable size, and nearly optimum for 7 MHz, so it 
was chosen with the option of using additional 
capacitance at 3.5 MHz. A transmitting type variable 
capacitor should be used for Cl because the rf volt¬ 
age across it will be Q times that at the input termi¬ 
nals GH. The capacitor should be calibrated so that 
values of X c can be readily determined from the dial 
settings. A 30-220 pF transmitting unit was selected 
in my case. 


ponents, fig. 7D, are as follows: 

X s j = X S 2 = 2irfL e = 444 ohms 
Q_ =444/50 = 8.88 
Xpi - Xp 2 = 444 ohms 
(X p = 222 ohms (Cl at 7 MHz 
= l/2irfX p =102pF) 

Rpi =Rp 2 - 78.85 x 50 = 3942 ohms 
Rp = 1971 ohms 

At 3.5 MHz the network Q, is 4.44 and Xp is 111 
ohms, requiring a total capacitance at Cl of about 
400 pF. A fixed transmitting capacitor of 0.0002 ftf in 
parallel with the220 pF variable may be used. 

T network for five-band coverage 

11 shows the schematic of a tapped-coil net¬ 
work built from the above design data. Construction 


fig. 10. Inductance of a center-tapped coil is 
shown at (A) with its equivalent circuit at (B). 
A two-component T network with a center- 
tapped coil is shown at (C). 




Using a Type A calculator the inductance of half 
coil L is determined as follows: 

L ac = 31(iH 

L ab = L bc = L = 12.8 fiH 

L ac = L a b + Lfy c *“* -2M = (2L — 2M) 

M = -2.7 
k = M/L = -0.21 


details are omitted because of the large number of 
possible options in components and additional con¬ 
venience features such as tap switches. You may 
also want to add a coaxial switching scheme to by¬ 
pass the network so that operation with a given 
antenna can be quickly compared with and without 
the matching network. The main construction criter¬ 
ion is to preserve electrical and mechanical symmetry 
between the input and output sides of the network. 
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A good method of determining coil tap locations is 
to connect a transmitter with a nominal 50-ohm out¬ 
put impedance at J1 and a 50-ohm dummy load at 
J2, An swr indicator should be inserted between the 
transmitter and J1. With a 50-ohm load the network 
will be symmetrical. For all bands higher than 7 MHz 
where the full coil is used, a set of taps can be found 
which give a 1:1 swr at any desired Q. The calculated 
values of Xp, X 5 , and Q for the coil taps of fig. 11 are 
listed in table 1. 

With the antenna and coaxial feedline combina¬ 
tions which produce resistance at J2 anywhere be¬ 
tween 25 and 100 ohms, the capacitor dial settings 
Xp will be close to the values in the table and the indi¬ 
cated swr will be at or very close to 1.0:1. At frequen¬ 
cies off resonance, where reactance appears at J2, 
the swr will still be close to 1:1 except at the edges of 
the widest amateur bands. 

Maximum swr readings for antennas 2, 3, 4, and 5 
of fig. 5, without moving any of the coil taps, were 
1.2:1 on the 7 MHz antenna and 1.7:1 on the 28 MHz 
antenna. It is possible to get a 1.1 swr reading with 
any of these antennas on any frequency in the band 
by moving coil taps slightly, but this is not normally 
necessary. 

With a 3.5-MHz antenna you should not attempt 
to use the antenna and network combination at fre¬ 
quencies where the swr is greater than 3:1 without 
the network, A broadband or two-frequency antenna 
should be used if full-band coverage is routinely 
required, 

conclusions 

Use of a T network in the manner described here is 
new only in the sense that its advantages have long 
been overlooked. I have been using a network similar 


table 1. Calculated capacitance, inductance, and Qfor the 
network of fig. 11, with 50 ohms at both input and output. 


frequency 

C1,or(C1+C2) 

*p 

X s 


(MHz) 

(pF) 

(ohms) 

(ohms) 

d 

3.50 

394 

115 

230 

4.60 

3.75 

342 

124 

248 

4.96 

4.00 

302 

132 

264 

5.28 

7.00 

102 

222 

444 

8.88 

7.15 

98 

227 

454 

9.06 

7.30 

94 

232 

464 

9.26 

14.00 

41 

277 

554 

11.08 

14.175 

40 

281 

562 

11.22 

14.35 

39 

284 

568 

11.38 

21.00 

49 

155 

310 

6.18 

21.225 

48 

156 

312 

6.24 

21.45 

47 

158 

316 

6.32 

28.00 

45 

126 

252 

5.06 

28.85 

43 

128 

256 

5.14 

29.70 

40 

134 

268 

5.36 


to fig. 11 at W6EBY for more than 15 years, and it 
has been used successfully on all frequencies in all 
five bands with a kilowatt amplifier. In fact, the ac¬ 
quisition of the amplifier and the distressing events 
which occurred when its load departed too much 


1 X LI Xj 1 

<<§t -- & 




W c 


/*| \ c 


. J 


Cl 30-220 pF transmitting type variable 

capacitor 

C2 200 pF, 5000 Vdc 

J1, J2 SO-239 coaxial socket 
LI 31 /zH air-wound coil, 6.35 cm (2.5") 
diameter, 10.2 cm (4") long, 3.2 turns 
per cm (8 turns per inch), B&W 3030 
or equivalent. 


coil taps 

1 

2 

3 

4 

Band, MHz 

3.5, 7 

14 

21 

28 

Active turns 

32 

26 

14 

10 

Turns each leg 

16 

13 

7 

5 


fig. 11. Tapped-coil T matching network for the five high- 
frequency amateur bands, 3.5 through 29.7 MHz. 


from 50 + j0 ohms were the motivations which origi¬ 
nated the matching network in the first place. 

The network can be just as useful, even essential 
in some cases, with lower power transmitters. Some 
of the new units with solid-state final stages are not 
tolerant of an swr greater than 3:1 and they are 
designed to shut themselves off when confronted 
with high swr. T networks, although they can't 
improve the performance of the antenna, will at least 
allow operation with the antenna as it is. 
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75-ohm cable 


in amateur 
installations 

Making use of 
75-ohm catv cable 
results in 
lower line loss, 
which means more 
power to the antenna 

Many hams are not aware of one of the best coax¬ 
ial cables available, the 75-ohm, solid-aluminum 
sheathed cable made specifically for cable television 
(CATV), The coax used in these systems is character¬ 
ized by a minimum attenuation loss, minimum ran¬ 
dom-signal pickup, excellent weather resistance, and 
high structural return loss. All this not withstanding 
the fact that it can usually be obtained as scrap for 
next to nothing. 

’The number assigned 10 each cable is actually the outside diameter of the 
aluminum sheath in inches. With cable of primarily U.S. manufacture, this 
number has become the generic name of the cable. 


Leading the list of features is low attenuation loss. 
As a result, a 100-watt-output, 420-MHz transmitter, 
feeding power through 30.5 meters (100 feet) of 
0.750* hardline, will deliver 75 watts to the antenna; 
this is quite an improvement over the 40 watts 
delivered by a comparable length of RG-8/U! 

To further illustrate, fig. 1 shows the loss exhibited 
by several different types of cable, starting with the 
relatively lossy RG-58 and ending with 0.750 cable. 
With CATV cable, even at the lower frequencies, 
impressive gains are available to people who use long 
cable runs. 



fRCOU€NCr uh; 

fig. 1. Loss vs. frequency for several types of cable. The 
CATV cable examples refer to cable manufactured by Sys¬ 
tems Wire and Cable, Inc., of Phoenix, Arizona. Cable from 
other manufacturers may have different attenuation values, 
but as a rule will be very close to these figures. 

In addition to its lower attenuation figures, solid 
aluminum sheath also reduces random-signal pickup 
and leakage. The best military braid specifications re¬ 
quire only 96 per cent shielding, as compared to the 
100 per cent provided by seamless CATV cable. And, 
as it turns out, most braided cable used by amateurs 
has a braid coverage in only the 75 to 90 per cent 
range, and sometimes as low as 60 per cent (see 
photograph)! 

Weather resistance is also greatly improved by 
using cable with a seamless sheath. After a period of 

By Gordon K. Woods, W7VK, 6022 North Sec¬ 
ond Avenue, Phoenix, Arizona 85013 
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connectors 



As seen in this photograph, braid coverage can vary radical* 
ly. The two examples are both RG-59/U, except that the top 
cable is normally used in CATV installations. Use of the bot¬ 
tom cable may result in unwanted signal pickup and/or 
emission. 

exposure to sunlight and air, the copper conductors 
in ordinary braid become corroded; they do not form 
an electrical bond to one another, but function more 
as insulated wires, increasing random-signal pickup 
and radiation losses. This can be easily checked by 
terminating a well weathered RG-8 line and noting 
the background noise level. Then, change to CATV 
cable, equally terminated, and your receiver will 
be dead. 

CATV cable is normally bare, but it is also produced 
with a black polyethylene jacket if the cable is to be 
exposed to salt spray, fog, or industrial contami¬ 
nants. It is also manufactured with a "flooded" poly¬ 
ethylene jacket for underground or underwater 
installation. 




Different examples for using the adapters between 75-ohm 
CATV hardline and standard UHF connectors. 


The major problem encountered by amateurs 
using 75-ohm CATV cable has been finding suitable 
connectors to use between the cable and ordinary 
UHF fittings. (Special cable connectors which mate 
with type N and F fittings are available, but they are 
difficult to locate and buy in small quantities.) There 
is a practical solution to this problem, however. This 
is the use of standard CATV "feedthrough" connec¬ 
tors, which, fortunately, end up with 6.5 mm (1/4 
inch) of male 5/8 x 24 (M16-2) thread, the same 
thread as standard UHF connectors. 

Making the adapter begins, as shown in fig. 2, 
with the installation of the appropriate feedthrough 
connector on the end of the cable. To mate with the 
UHF connectors, a PL258 female-to-female adapter is 
slipped over the end of the exposed center conduc- 



fig. 2. As shown in this photograph, adapting CATV cable to 
a normal UHF connector requires the use of a CATV feed¬ 
through connector attached to the and of the cable. The 
0.500 cable in this illustration has the brass tubing sweated 
over its center conductor. The threaded coupling cut from a 
PL259 connector attaches the PL258 adapter to the feed¬ 
through connector. 

tor. Joining the adapter and feedthrough connector 
is accomplished by using the threaded portion of the 
barrel from a PL259 connector. 

On the 0.412 and 0.500 cable, you will have to 
sweat solder a piece of 4-mm (5/32-inch) OD brass 
tubing over the center conductor, (The brass tubing 
is available in short lengths from most hobby stores.) 
The center conductor of the 0.750 cable is heavily 
tinned to increase its diameter from 3.7 to 4 mm 
(0.146 to 0.156 inch). 

If you want to directly hardwire the CATV cable to 
an SO-239 chassis connector, prepare the cable end 
as shown in fig. 3. Then, connect the SO-239 to the 
feedthrough connector, prior to inserting the cable. 
The final step consists of inserting the cable into the 
feedthrough connector, making sure that the center 
conductor mates with the SO-239, and tightening 
the cable ferrule. Generally, connectors are available 
from CATV equipment supply sources, although they 
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The Microwave Module 

line of linear transverters. 

Use your present HF equipment on 144 or 432 MHz. These 
units are not the least expensive on the market ... we believe 
they are the tinest! 

The standard IF is 28 to 30 MHz. However, we will provide 50 
to 54 MHz or 144 to 148 MHz upon request. All units are covered 
by a full one year guarantee. 

MMT 432/28S $259.95 

MMT144/28S $196.95 

Receiving converters available for 2 meters, 432 and 1296 
MHz. Write for complete catalog. 

POWER SUPPLIES 

28 Volt, 18 Amp Regulated Power Supplies (110V in) $75.00 

12 Volt, 18 Amp Regulated Power Supplies (110V In) $85.00 

Dual 300V D.C. 1 amp fully metered $85.00 

RECEIVERS 

Collins 651 F*1, 2 to 30 MHz In 100 cycle steps, digital tuning, 
USB/LSB/ISB. Stability: 1 part In 10 8 . Completely remote con¬ 
trolled, with all racks, connectors, control head. $1400.00 

R-388/51J — Collins 0.54 to 31 MHz $375.00 

R*390A — 0.54 to 31 MHz, overhauled complete $595.00 

Astrocom SR201,30-300 MHz, all solid state $450.00 

RACAL Model 6217A, 980 kHz, 32 MHz, All Solid State, takes 
about 3 Inches of rackspace, digital tuning $1600.00 

LTV Gill Panoramic Recvr Includes CRT display, 100-150 MHz 
with converters. Will make a fine spectrum analyzer. $150.00 
* f— r~n t —| 1 TMR-5 with front end plug-lns to cover 
[ 1 — a - ”** i 105-140 MHz and 200-260 MHz. $250.00 

ho L-J*|j 2200 to 2300 MHz available. 

* J If We have complete documentation for all 
TMR-5 series including plug-lns. 

CEI type 415. 60-250 MHz, all solid state, modular constr., xtal 
controlled, 4 channels. Incredible value. $85.00 

635V* 1 Collins Preselector band pass Filters — They're back! 2 
to 30 MHz. 1 kHz steps, with copy of manual and rack and con¬ 
nector. $275.00 

SX-115 Immaculate with speaker and manual. $450.00 

ANWRR2, 2-30 MHz, synthesized or continuous tuning, com¬ 
pletely bench checked. $600.00 

TEST EQUIPMENT 

URM-25H Slg. Gen., 10 kHz to 50 MHz calibrated attenuator. 

$195.00 

TS 419/U Sig. Gen. — 800 to 2200 MHz $175.00 

Jerrold 707P Sweep Gen. main frame with D51 detector. $125.00 
Bird 6835 Termination Wattmeter complete RF Assy. — NEW! 
1.2 KW, 600 watts, 120 watts full scale. You add oil and meter. 

$95.00 

SPECIAL: Micromatch in-line wattmeters, complete guts, less 
meters, good to 500 MHz. You add 50/iA meter. Removed from 
equipment. $24.95 

HP400DR Audio VTVM — NEW $125.00 

Solarlron DA410 Transfer Function Analyzer with manual. 

$475.00 

Welnschel 693-1 Power Attenuators, 30 watt avg., 10KW peak, 

$65.00 

HP764D Dual directional coupler, 200-500 MHz, $100.00 

TRANSCEIVERS 

Collins KWT6-6/URC32 — 2-30 MHz, 1 kHz steps, complete xcvr, 
500 watt PEP output, 500 watt CW output, AM capability. 
Complete and running. $1850.00 

PRC 47 Transceiver, 2 to 11.999 MHz, synthesized, 1 kHz steps, 
100 watts PEP, AM/CW/SSB/RTTY. Built-in antenna tuner. 

$200.00 

or with CV-2455 $235.00 

RTTY Converter CV-2455/PRC-47 Built-In loop supply (60 mA or 
20 mA) — requires rcvr audio and 24 volts. It's also an AFSK 
Keyer. 850 Hz shift. ^ $65.00 

Standard T/T pad mounted In a 
sturdy steel case Incl. 2 volume 
pots & 1 push button labeled 
"Stereo”. Also has 2 phone 
jacks for headphones, micro¬ 
phone, etc. Will make a fine 
control head. $24.95 


T/T to Pulse Converter — re¬ 
quires 12-24 VDC $34.95 


Wanted: Documentation for 
AN/WRR-2, plug-lns and IF 
Amplifiers for TMR-5. 

DISC'CAP, 1434 REYNOLDS ST 

AUGUSTA, GA. 30902 




Ga. Residents - add State Sales Tax. 
can only service U. S. customers. 


404-722-1121 

Unfortunately, Disc-Cap 


are not enthusiastic about small-quantity orders. (Try 
these sources only if you can't con the local CATV 
system installer out of a few.) 

installation 

When installing solid-sheath aluminum cable, note 
that all bends should be made over a grooved form 
block. Also ensure that all bends are never made to a 
radius of less than ten times the cable diameter. 
Observing this precaution will prevent wrinkling the 
sheath, which can cause impedance bumps. Too 
tight a bend may also force the center conductor to 
one side, since the foamed dielectric is soft and sub¬ 
ject to cold flow. 



fig. 3. Attaching the hardline to a chassis-mounted SO-239 
can be accomplished in the same manner, in this case 
though, the feedthrough connector and the SO-239 are 
mated before the cable is attached. 

Another item available from equipment supply 
stores is special heat-shrink tubing that slides over 
the entire connector assembly. These tubes are usu¬ 
ally about 23 cm (9 inches) long and have a special 
sealant inside that is effective against moisture. 

summary 

Before changing to 75-ohm transmission line, it is 
best to ensure that your transmitter and antennas will 
match the higher impedance. In general, most trans¬ 
mitters with a pi network will match the impedance 
presented when using 75-ohm cable. Even gamma 
matches on Yagi arrays can be readjusted to match 
the new cable. Unfortunately though, it can be an 
expensive proposition if you try to change your pow¬ 
er meters to read correctly in a matched 75-ohm 
system. 

Even with the small problems presented by con¬ 
nectors and, in some cases, matching, the use of 75- 
ohm CATV cable has one big advantage: more power 
at the antenna at a highly economical price. 

ham radio 






matching 

75-ohm CATV hardline 


to 50-ohm systems 

The previous article by W7VK pointed out the sig¬ 
nificant attenuation differences between the more 
commonly used RG-8 type coaxial cables and 75- 
ohm CATV type "hardline." In some amateur installa¬ 
tions, changing to hardline could mean large 
increases in the power delivered to the antenna, 
especially where long cable runs are being used. As 
Woods pointed out, switching to this type of cable 
usually involves only antenna rematching and retun¬ 
ing the transmitter. Unfortunately, in some cases, 
rematching the antenna to 75 ohms is not possible, 
and the resultant swr may be intolerable; the ultimate 
isolation between sections of a repeater duplexer, for 
example, can be degraded by a high swr on the line. 
The matchable bandwidth of an antenna can also be 
reduced, since the output pi network was originally 
designed for 50-ohm loads. And finally, 75-ohm 
power meters are not commonly available. 

matching 

The standard quarter-wavelength transformer or Q 
section, one of the most popular forms of matching, 
is unfortunately not readily suited for this task. The 
impedance of the matching section has to be the 
geometric mean between the two impedances to be 
matched, or in this case V Z1 *Z2 = 61.3 ohms , not a 
common coax impedance value. 

One little-known matching technique, the nonsyn- 
chronous impedance matching transformer, does 
offer a solution to the problem. W5TRS originally 
described this method in ham radio ,1 though only 
providing basic design information (see fig. 1). In a 


subsequent letter, 2 W3DV0 briefly discussed the 
bandwidth in relation to a standard quarter-wave¬ 
length transformer. Until now, however, nothing has 
been published on the use of the nonsynchronous 
transformer. Since the required sections are the 
same impedance as those to be matched, this 
method would seem to be an easy solution to the 75- 
to-50 ohm matching problem, and warrants further 
examination. 

i i i 

- ♦ - ♦ - ♦- 

z, \ z s | z, I z t 

♦ 4-4- 

I 1 I 

1*-©-4*-e-4 

*—• ''VJTTTf z-sk 

fig. 1. Diagram of the basic nonsynchronous match¬ 
ing transformer as described by W5TRS. The lengths 
of the two matching sections will vary according to 
the impedance ratio. 

To evaluate this method, I decided to compare the 
nonsynchronous transformer to another technique, 
stub matching. Fig. 2 illustrates the situations that 
were considered. (If the load were replaced by an 
antenna, the system would not be too different from 
a typical antenna installation.) The main feedline was 
considered to have a 1 dB insertion loss and be 0.25 
wavelength long at the center frequency. Since there 
will be a perfect match at only one frequency, having 
the feedline 0.25 wavelength long provided the maxi- 

By Charles J. Carroll, K1XX, ham radio , 
Greenville, New Hampshire 03048 
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table 1. Impedance values along the lines shown in fig. 1. 


nonsynchronous transformer 


frequency. MHz 

point A 

point B 

point C 

final swr 

144 

74.63+ j0.63 

75.34-j0.50 

49.86-j0.44 

1.0093 

145 

74.82+ j0.31 

75.15-j0.24 

49.93-j0.21 

1.0044 

146 

75.01-j0.02 

74.99+ j0.02 

50.00-jO.OI 

1.0002 

147 

75.20 -j0.36 

74.85+j0.29 

50.08-fjO.22 

1.0047 

148 

75.37-j0.70 

74.72+ j0.56 

50.16 + j0.41 

1.0089 


stub matching 



frequency. MHz 

point A 

point B 

point C 

final swr 

144 

75.60-j0.12 

75.75-jO. 18 

50.02+ j0.86 

1.0173 

145 

75.31-j0.06 

75.39-j0.09 

50.00 + J0.42 

1.0084 

146 

75.02-jO.OO 

75.03-jO.OI 

50,00 ™j0.02 

1.0004 

147 

74.74+ j0.05 

74.67+ j0.06 

49.99-jO.OI 

1.0002 

148 

74.45 + j0.12 

74.30+ j0.11 

49.97+ j0.04 

1.0009 


mum impedance change at other than the center fre¬ 
quency. This, along with the low insertion loss, will 
provide close to the worst-case swr. The matching 
sections were considered to be lossless lines. 

test results 

Table 1 shows the different impedance values as 
the 50-ohm load was rotated back toward the gener¬ 
ator. In actuality, the values were determined with 
the aid of an HP-25 programmable calculator; the use 
of the Smith chart was precluded since the final dif¬ 
ferences were extremely small, and beyond the accu¬ 
rate resolution of even an expanded chart 

Because the initial results proved so favorable, 
another set of calculations were performed. This 
time, instead of the relatively narrow bandwidth 


afforded by the 2-meter frequencies (approximately 
1.5 per cent), calculations were carried out for 80 
through 10 meters, with the 80-meter extreme of 6 
per cent bandwidth. Table 2 shows the results for 
the nonsynchronous transformer when applied to 
fig. 2A. 

As a final test, the line was terminated with eight 
different reactive loads, each selected to be on the 
2:1 swr circle on a Smith chart (see fig. 3). The inner 
points represent the same impedances, but as seen 
at the generator (transmitter) end after the different 
rotations. Table 3 lists the actual computed values. 

summary 

The nonsynchronous impedance matching trans¬ 
former can be an extremely valuable tool. With a 
bandwidth basically comparable to either stub or 


table 2. Swr values for the nonsynchronous transformer 
when used for 80 through 10 meters. 


frequency, MHz 

final swr 

frequency, MHz 

final swr 

3.5 

1.0571 

14.3 

1.0048 

3.6 

1.0322 

14.4 

1.0091 

3.7 

1.0091 

21.0 

1.0063 

3.8 

1.0086 

21.1 

1.0029 

3.9 

1.0224 

21.2 

1.0003 

4.0 

1.0319 

21.3 

1.0034 

7.0 

1.0150 

21.4 

1.0059 

7.1 

1.0045 

28.0 

1.0097 

7.2 

1.0038 

28.2 

1.0045 

7.3 

1.0188 

28.4 

1.0003 

14.0 

1.0097 

28.6 

1.0048 

14.1 

1.0045 

28.8 

1.0091 

14.2 

1.0003 




NON-SYNCHRONOUS 

transformer 
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TRANSFORMER 
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fig. 2. Schematic diagram of the system used to evaluate the bandwidth of the two matching systems. The main feedline, 
as used in both systems, has 1 dB loss. Points A, B, and C correspond to the impedance values listed in the tables. 
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fig. 3. Smith chart presentation of the eight reac¬ 
tive loads used to terminate the line. The inner 
points represent the final impedances as seen at 
the transmitter end. 


£)-section matching, it has the added advantage of 
requiring one-third less coax than the quarter-wave¬ 
length section and one-half less than a stubbed sys¬ 
tem. Though these differences may not be signifi¬ 
cant at vhf, they can save a considerable amount of 
cable on 80 through 10 meters. In addition, the con¬ 
struction of a nonsynchronous transformer appears 
to be inherently easier than that of a stub system 
because of the difficulty in correctly placing a T-type 
connector. Probably the two biggest disadvantages 
are that the feedlines have to be dedicated to a par- 

table 3. Computed swr values at 14 MHz with the line ter* 
minated in reactive loads. 


termination 

computed impedance values 

final swr 

25.00 ±j0 

34.17 -4- j 15.90 

1.7097 

28.09 + 114.90 

48.40 + j26.48 

1.7040 

40.02 f j30.01 

74,23 + 122.41 

1.7080 

69.53 + 136.84 

83.89-110.66 

1.7193 

100.0 ±j0 

59.09 128.80 

1.7311 

69.39-j36.86 

39.16-j22.24 

1.7367 

39.95-j29.96 

30.58-j9.84 

1.7327 

28.06-)14.85 

29.21+J3.11 

1.7215 


ticular band (since each transformer length is fre¬ 
quency dependent), and the requirement that the 
coax be the same impedance as those to be matched. 
These factors certainly prevent its qualifying as an 
all-encompassing matching method, but it more than 
adequately will handle the problem of matching 75- 
ohm CATV hardline to a 50-ohm system. 

references 

1. Henry Keen, W5TRS, ham notebook, bam radio, September, 1975, 
page 66. 

2. Raymond Aylor, W3VD0, comments, ham radio, May, 1976, page 63. 
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FREQUENCY COUNTERS 


BY POPULAR DEMAND — we are continuing to offer 
^^i^/with any purchase of $99 or more from ad or 
^ .^^fly e r 1 a Fairchild clock module FCS-8100A 
Vv (^(suggested retail price $20). 


HALTRONIX 


• I 


/ *9'*!* '.*** ****-' movt ajy > 


lirnuc; 

i □ j i u 


Look at these Summer Specials 


COMPLETE KITS: CONSISTING OF 
EVERY ESSENTIAL PART NEEDED 
TO MAKE YOUR COUNTER COM¬ 
PLETE. HAL-600A 7-DIGIT 
COUNTER WITH FREQUENCY 
RANGE OF ZERO TO 600 MHZ. 
FEATURES TWO INPUTS ONE 
FOR LOW FREQUENCY AND ONE 
FOR HIGH FREQUENCY: AUTO¬ 
MATIC ZERO SUPPRESSION TIME 
BASE IS 1 0 SEC OR 1 SEC GATE 
WITH OPTIONAL 10 SEC GATE 
AVAILABLE ACCURACY ± 
.001%, UTILIZES 10 MHZ CRYS¬ 
TAL 5 PPM. 

COMPLETE KIT... ..$129 


HAL-300A 7 DIGIT COUNTER 
WITH FRE0UENCY RANGE OF 
ZERO TO 300 MHz.. FEATURES 
TWO INPUTS: ONE FOR LOW FRE 
QUENCY AND ONE FOR HIGH FRE¬ 
QUENCY. AUTOMATIC ZERO SUP¬ 
PRESSION TIME BASE IS 1.0 SEC 
OR 1 SEC GATE WITH OPTIONAL 
10 SEC GATE AVAILABLE ACCU¬ 
RACY ± 001%. UTILIZES 10- 
MHz CRYSTAL 5 PPM 
COMPLETE KIT,,.$^... SI 09 


HAL-50A 8-DIGIT COUNTER WITH 
FRE0UENCY RANGE OF ZERO TO 
50 MHz OR BETTER AUTOMATIC 
DECIMAL POINT, ZERO SUPPRES¬ 
SION UPON DEMAND FEATURES 
TWO INPUTS ONE FOR LOW FRE¬ 
QUENCY INPUT. AND ONE ON 
PANEL FOR USE WITH ANY IN¬ 
TERNALLY MOUNTED HALTR0NIX 
PRE-SCALER FOR WHICH PR0VI 
SlONS HAVE ALREA0Y BEEN 
MADE. 1.0 SEC AND 1 SEC TIME 
GATES. ACCURACY ± 001% 
UTILIZES 10-MHz CRYSTAL 5 
PPM 

COMPLETE KIT... . . $109 


ATTENTION RADIO CLUBS 

For club or group projects, request FREE 
information about our DISCOUNTS on 
any o! the HAL-TRONlX kits Oiscounts 
range liom 10-25%, depending upon 
the quantity needed. 

We are experienced in supplying kds in 
volume quantities to schools/ labora¬ 
tories, dubs, and common-interest 
groups Nobody beats HAL-TRONiX 
quality and price Just try us and see lor 
ynuiself 



FROM 

HALTRONIX 

DELUXE 12-BUTTON TOUCH- 

TONE ENCOOER KIT utilizing the new 
ICM ??06 chip Provider, both VISUAL 
AND AUDIO indications’ Comes with its 
own tvso tone anodized aluminum cabi¬ 
net Measures only x 3V« Com 
plute with Touch-Tone pad. board, 
crystal, chip and all necessary cornpo- 
nenls to finish the kit 

PRICED AT.. $29.95 

Foi those who wish to mount the encoder 
m a hand held uml, the PC board meas¬ 
ures ony 9/IB" x 1 V<“ This partial Ml 
with PC board, crystal chip and com¬ 
ponents 

PRICED AT. ..$14.95 


PRE-SCALER KITS 

HAL 300 PRE.$19.95 

(Pre-druted G10 board and all 
corrpcnenfs! 

HAL 300 AJPRE.$29.95 

(Same as above but with preamp) 

HAL 800 PRE.$34.95 

(Pre-dnlfed GfO board and all 
con ponenls) 

HAL 600 A/PRE.$39.95 

(Same as above bul with preamp) 


SPECIAL — duoto 

OVERSTOCK (while they last!) 
FAIRCHILD FND-70 


common cathode readouts (can 
replace FND-359 . . .same pin-oul) 


Oty. 

Price each 

Amount 

10 

-10c 

$4.00 

100 

35c 

35.00 

500 

30c 

150.00 

1000 

25c 

250 00 


StL 


''HAL" 

HAROLD C. NOWLAND 
wezxH 


HAL-TRONIX 

PO BOX 1101, SOUTHGATE, Ml 48195 
PHONE (313) 285-1782 

SHIPPING INFORMATION: 

ORDERS OVER $15 00 WILL BE SHIPPED POSTPAID EXCEPT ON 
HEMS WHfcRE ADDITIONAL CHARGES ART. REQUESTED ON 
ORDERS LESS THAN $15 00 PLEASE INCLUDE ADDITIONAL 
$t OU FOR HANDLING AND MAIUNG CHARGES SEND SASE FOR 
FREE FLYER 
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RM-300 Modem 


RTTY modulator- 
demodulator 
for vhf operation 

Design and 
construction details 
for the hardware 
to get started 
in the RTTY mode 
on the vhf 
amateur bands 

Operating RTTY on vhf fm is a joy. Bothersome 
fading, static crashes, interfering signals, and drifting 
VFOs don't stand between you and a QSO. Whether 
across town on simplex or across the state through a 
repeater, vhf RTTY is a reliable, trouble-free mode 
ideally suited for rag chewing or unattended oper¬ 
ation. 


The ingredients for a vhf RTTY station include a 
standard fm transceiver, a Teletype machine, a ter¬ 
minal unit (demodulator), an AFSK oscillator (modu¬ 
lator), and a means of sending your call in Morse 
code as required by the FCC. 

The RM-300 Modem (A4odulator-De/7?odulator) 
was developed to provide a simple way for those in¬ 
terested in vhf RTTY to get on the air. The RM-300 
contains a phase-locked loop (PLL) demodulator to 
convert the 2125/2295-Hz tones from your transceiv¬ 
er speaker terminals to Teletype keying pulses, a 
stable AFSK modulator to feed the microphone input 
of your transceiver, a read-only memory CW identi¬ 
fier, and auto-start logic — all on a single 114 x 152 
mm (4.5 x 6 in.) circuit board. A second board, the 
RP-400, contains loop and low-voltage power sup¬ 
plies and loop keying circuits. 

A schematic diagram for the RM-300 is given in 
fig. 1. The three major functions mounted on the cir- 

"A complete kit of all parts is available from Eclipse Communications, 5 
Westwood Drive, San Rafael, CA 94901. The RM-300 kit less PROM costs 
$71.25. A PROM programmed with one or two call signs (specify) costs $7. 
The cost of the RM-300 circuit board alone is 521.25. (The board is double¬ 
sided with plated-through holes and a solder mask on both sides. The com¬ 
ponent side is screened with part numbers and component values.) Add $1 
for postage and handling with all orders. California residents add 6 per cent 
sales tax. 


By Howard L. Nurse, W6LLO, 665 Maybell 
Avenue, Palo Alto, California 94306 
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fig. 2. Schematic of the RP-400 power supply. The design features an auxiliary -12 V dc supply in addition to power re¬ 
quired for the RM-300 Modem. Kits are available. 


cult board are grouped on the schematic. The 
demodulator portion is shown in the top third, the 
AFSK modulator in the middle third, and the CW 
identification circuitry in the bottom third of the 
schematic. Detailed descriptions of connections 
to and from the RM-300 circuit board are given in 
table 1. 

demodulator and autostart 

Audio from the transceiver is fed to the XR2211 
PLL through pin 18 on the board edge connector. 
The PLL output on U1 pin 7 is at a TTL-compatible 
high level when the input tone is 2125 Hz (MARK) 
and low when the input tone is 2295 Hz (SPACE). 
The frequency at which the PLL switches from high 
to low is the PLL center frequency as determined by 
center-frequency potentiometer, R3. 

The PLL output signal is inverted by U4 and ap¬ 
plied to the antispace circuit (U5 and U6-C) and the 
keying inhibit gate, U2-A. 


The antispace circuit prevents space tones longer 
than approximately 200 milliseconds from keying the 
loop. The output from U5 pin 8 clamps the voltage 
across Cl 1 near ground as long as the PLL is detect¬ 
ing a mark tone. A space tone allows the voltage 
across C11 to rise at a rate determined by R18. If the 
voltage rises above 5 volts, the output of U6-C goes 
low, which forces the loop into mark-hold. 

The autostart circuit and standby logic can also be 
used to force the loop into mark- hold. The PLL con¬ 
tains a carrier detector, which has a TTL-compatible 
output on pin 5 of U1. This output is low when a sig¬ 
nal within the lock range of the PLL is detected. The 
carrier-detect output, after inversion by U4, can be 
used to control the fast or s/ow modes of the auto¬ 
start. The fast mode allows the Modem to respond 
immediately to a detected signal, which is desirable 
when operating fast break-in. The slow mode yields a 
0.5-second delay before the Modem responds, which 
gives sufficient noise immunity on vhf circuits. When 
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a carrier is detected by the PLL, the lock output 
(edge connector pin S) goes low. This output can be 
used to control an LED on the Modem front panel. 

If the auto off input (edge connector pin V) is 
grounded or a carrier has been detected, and the 
standby input (pin X) is high, the loop can be keyed 
by the PLL because pin 13 on U2-A will be high. 

The open-collector loop output from U5 pin 2 is 
high for mark and low for space . It can be connected 
directly to a loop keying transistor or to the serial in¬ 
put of a UART. 

The motor output (pin P) is low when a signal has 
been detected, the standby input is grounded, or the 
motor input (pin V) is grounded. The motor output 
will remain low for approximately 25 seconds after a 


i 




fig. 3. Two suggested ways of connecting your RTTY 
machine to the loop supplies and keying transistors. Sketch 
A shows the usual connection. Separate selector magnet 
and keyboard connections are shown in 8. 



Interior of the RM-300 Modem. A solid-state motor-control 
relay is near the power cable at the rear of chassis. The 
RM-300 board is below the RP-400 power-supply board. 

signal has dropped. This timing is determined by the 
RC time constant of R21 and C12. 

AFSK modulator 

The heart of the AFSK modulator is an XR-2206 
function generator integrated circuit. It produces 
low-distortion sine wave tones at a frequency deter¬ 
mined by capacitor Cl5 and the resistance between 
pin 7 or 8 and ground, depending on the control in¬ 
put on pin 9. When pin 9 is high (mark), R27 sets the 
ouput frequency to 2125 Hz; and when pin 9 is low 
(space), R31 sets the output frequency to 2295 Hz. 
The output frequency can be monitored at the audio 
test output (pin T), which provides a TTL-compatible 
square-wave replica of the function generator output 
waveform. 

The AFSK modulator output level should be 
adjusted to match the requirements of your transmit¬ 
ter's audio circuit using potentiometer R32. The out¬ 
put amplitude can be adjusted to a maximum level of 
approximately 5 volts peak-to-peak. 

All control inputs to the AFSK modulator are TTL- 
compatible. The teleprinter keyboard signals are 
applied to the keying input (pin L), Consistent with 
the design convention used throughout the board, a 
high input yields a mark tone, while a low input yields 
a space tone. Mark and space override inputs are 
provided on pins U and M respectively. These inputs 
can be used to force the AFSK modulator to either 
state despite information present on the keying in¬ 
put. The remaining control input to the AFSK modu¬ 
lator is from the CW identifier. 


September 1978 03 37 









The RP-400 power-supply board. The board is 114 x 152 mm 
(4.5 x 6 in.). Sea text for kit information. 


table 1. RM-300 RTTY Modem input-output descriptions 
name/pin number description 


AUDIO IN/18 

PLL LOCK/F 
MOTOR/Y 

STANDBY/X 

AUTO OFF/V 


AUTO SLOW/15 
AUTO FAST/W 
MARK/U 

KEYING/L 


SPACE/M 


+12/2. B 
+ 5/1, A 
START ID/J 
MSG MSB/D 
MSG CONTROL/C 


LOOP/R 

MOTOR/P 

LOCK/S 
AUDIO TEST/T 
AUDIO OUT/K 

CW ON/E 
CW/N 


Audio from receiver. 68Q*ohm impedance. 
Input level 10 mVrms to 3 Vrms. 

TTL high when PLL locked to input signal. 
When grounded causes MOTOR/P to go 
low. 

When grounded causes MOTOR/P to go 
low and LOOP/R to go high (MARK level). 
When grounded forces Modem into receive 
mode without control by the PLL LOCK/F 
function. 

0.5-second Autostart control line. 
Instantaneous Autostart control line. 

When grounded forces AFSK modulator to 
MARK. 

Normal RTTY keying line. MARK 12125 Hz) 
is high and SPACE (2295 Hz) is low. This in¬ 
put is overridden by CW IDENT cycle. 

When grounded forces AFSK modulator to 
SPACE. 

+ 12 Vdc at 20 mA maximum. 

+ 5 Vdc at 200 mA or less. 

Momentary ground starts CW IDENT cycle. 
Logic low for first 128 cycles of CW IDENT. 
When grounded enables first half of CW 
IDENT memory. When high, enables second 
half. 

Loop control output, high for MARK and 
low for SPACE. Can sink 40 mA at 15 volts. 
Output goes low to turn on motor. Can sink 
40 mA at 15 volts. 

Output goes low when PLL has locked. 

AFSK oscillator test output, 5 V p-p. 

AFSK modulator output. 600-Ohms, 6 V p-p 
maximum. 

Output goes low during CW IDENT. 

Output goes low during each IDENT key 
closure. 


CW identifier 

The CW identifier output signals include the CW 
keying line, which provides full-shift keying, and a 
CW on control line, which precludes all other keying 
when active. The CW identifier, started by momen¬ 
tarily grounding the start ID input (pin J), causes 
either O or. characters to be printed by the receiving 
station. The timing and memory programming re¬ 
quired to accomplish this format were described in 
reference 1. 

One new feature, available with the “0“ option, is 
the ability to have two call signs in the read-only 
memory. One call sign is accessed by grounding the 
message control, pin C, while the other is obtained 
by leaving pin C open. If your call is too long to fit in¬ 
to half of the memory (128 bits), the whole memory 
can be used by connecting the MSG MSB output, 
pin D, to pin C on the edge connector. 

On-off control of the CW identifier is accomplished 
with U9, an XR-2240, which contains an oscillator, 
an eight-stage divider, and a control flip-flop. The 
timing of the CW output is established by adjusting 
the ID timing potentiometer, R36. Five of the eight 
divider outputs from U9 address the 32 bytes of 
memory in U10, while the remaining three extract the 
CW characters from the selected bytes with multi¬ 
plexer U11. Decade counter U12 monitors the CW 
output for consecutive "blanks;" after it detects 
eight, it turns off the control flip-flop in U9. Compa¬ 
rator U6-A and its associated circuit resets the dec¬ 
ade counter so that the counter will start with the 
correct count when power is first applied. 

adjustments 

Proper adjustment of the Modem requires a fre¬ 
quency counter and a voltmeter or oscilloscope. The 
Modem can be adjusted with help from another sta- 



The RM-300 Modem circuit board, which is the same size as 
the RP-400 power supply board. Kits are available (see textl. 
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tion which has a counter or an AFSK oscilla- 
tor/demodulator that has a known calibration. 

AFSK generator. Connect a counter to audio test, 
pin T. Ground mark, pin U. Adjust R27 (M) to obtain 
a counter reading of 2125 Hz. Move the ground lead 


with R36 until the other machine prints the encoded 
message correctly. 

power supply 

The RP-400 power supply was designed to furnish 
the voltages required by the RM-300, in addition to 
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fig. 4. Interface wiring for the PC boards, front-panel controls, and rear-panel connectors. 


from pin U to space, pin M. Adjust R31 (S) to obtain 
a counter reading of 2295 Hz. Use a voltmeter or 
oscilloscope connected to audio out, pin K, to adjust 
the output to a level compatible with your transmitter 
audio input using R32 (A). Remove the ground lead. 

Phase-locked loop (Ul). Use a jumper to connect 
audio out, pin K, to audio in, pin 18. Connect an 
oscilloscope or voltmeter to hex inverter U4-8. (This 
voltage will swing between ground and approximate¬ 
ly 3 volts.) Ground mark, pin U, and adjust R3 (CF) 
until the hex inverter output goes high. Remove the 
ground from mark, pin U, and ground space , pin M. 
While counting turns, adjust R3 until U4-8 just goes 
low. (R3 should be adjusted in a ccw direction.) 
Divide the number of turns by two and adjust R3 in a 
cw direction by that number. 

CW identifier timing. This adjustment is most easi¬ 
ly made with the aid of another station. Initiate an 
ident while the other station monitors your signal 
with his printer. When the timing is adjusted correct¬ 
ly his printer should print 00000000. . . with the num¬ 
ber of zeroes determined by your call sign. If you've 
selected the Baudot ident option, adjust the timing 


an auxiliary -12 Vdc supply for other circuits you 
may wish to add, such as a UART. Included on the 
board are the following: 

two 80 Vdc, 60-mA loop supplies 
one +12 Vdc, 100-mA supply 
one +5 Vdc, 300-mA logic supply 
one - 12 Vdc, 100-mA auxiliary supply 

A high-voltage loop keying transistor is also lo¬ 
cated on the RP-400 power-supply board. A sche¬ 
matic for the board is given in fig. 2.* 

The loop supplies run from a voltage doubler con¬ 
sisting of C101, CR101, and CR102. The resulting dc 
is filtered by C102 before being sent to the adjustable 
wirewound resistors, R101 and R102. 

Two suggested ways of connecting your Teletype 
machine to the loop supplies and keying transistor 
are shown in fig. 3. The usual connection, with the 

*A complete kit of all the parts for the RP-400 power supply is available 
from Eclipse Communications, 5 Westwood Drive, San Rafael, CA 94901. 
The RP-400 kit costs $71.25. The cost of the RP-400 circuit board alone is 
$21.25. (The board is double-sided with plated-through holes and a solder 
mask on both sides. The component side of the board is screened with part 
numbers and component values.) Add $1 for postage and handling on all 
orders. California residents add 6 per cent sales tax. 
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selector magnets and keyboard contacts in series, is 
shown in A of the figure. Resistor R104 provides a 
TTL-compatible low level when the loop is open. If 
you desire separate selector magnet and keyboard 
connections, use the wiring diagram shown in B of 
fig. 3. Split wiring might be used when you wish to 
use the output of a repeater to provide local copy 
through a demodulator. By operating in this manner 
It's possible to tell instantly if you aren't making it 
through the repeater. 

The low-voltage power supplies are similar in 
design. Each has a half-wave rectifier, filter capaci¬ 
tor, and three-terminal regulator. 

construction 

The RM-300 Modem board, the RP-400 power 
supply, the solid-state motor-control relay, and the 


power supply fit nicely inside a 30.5 x 30.5 x 8 cm (12 
x 12x3 in.) Moduline enclosure. 

Fig. 4 is a schematic showing one way to connect 
the boards, front panel controls, and rear panel con¬ 
nectors. Variations on this wiring will be determined 
by your requirements. 
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stressed quad 



As you can see by the photo, I have a problem. To 
eliminate this problem in the future, I have devised a 
means of stressing a quad (see fig. 1). As seen in fig. 
1, the ends of the spreaders are connected together 
with 3 meter (10 foot) lengths of 45 kg (200 pound) 
test mono-filament fishing line. In addition, three 3 
meter (10 foot) lengths of conduit are connected 
together with sleeve couplings and extended through 
the boom approximately 3 meters (10 feet) beyond 
the ends of the boom. Additional lengths of fishing 


line connect the ends of the spreaders to the extend¬ 
ed ends of the conduit. With the lines tight, the quad 
now has the general appearance of a Zeppelin, but is 
stressed to withstand a large wind load. I also at¬ 
tempted this method with nylon cord, but it had too 
much stretch; the monofilament fishing line does 
not. Had I used fishing line first, I would not have this 
picture. 

Ira Hargis, W5TIU 



fig. 1. Diagram of the stressed quad as described by the 
author. The fishing line is almost invisible, yet keeps the 
spreaders under stress, increasing its survivability during 
high wind loads. 
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integrated circuit arrays 


Using 1C arrays 
permits the designer 
to reduce size 
and component count — 
without sacrificing 
performance 

integrated circuits have been around for a decade 
or so; starting off with just a few transistors on a 
single chip, inter-connected in amplifier arrange¬ 
ments, they have developed into complex circuits in¬ 
corporating many transistors, diodes, Zeners, and 
other components in a single package, often requir¬ 
ing a minimum of external parts to perform the func¬ 
tions of any linear, digital, or logic application. Most 
hams are familiar with the smaller, linear ICs de¬ 
signed for specific applications. And generally, many 
would not bother to use discrete transistors for an i-f 
amplifier or audio power output stage when a single 
TO-5 can or 14-pin dual inline 1C makes construction 
simpler and more reliable. The majority of ICs are 
''committed” devices, developed to perform a 
specific function. Their popularity in amateur con¬ 
struction projects has long been established from the 
proliferation of articles published on amplifiers, bal¬ 
anced modulators, and phase-lock-loops, in receiv¬ 
ers, transmitters, and test equipment. 


Much less apparent is the constructor's use of the 
"uncommitted” 1C. These devices are independent 
diodes and transistors on a single chip, individually 
connected to the package pins. Known as 1C arrays, 
they are widely used in commercial and industrial 
equipment for minimizing space and assembly effort. 
There are also "semi-committed" arrays, in which 
only two of the transistors have internal connections 
(such as a differential or darlington pair). 

For building equipment, there are several reasons 
why using 1C arrays, instead of discrete transistors or 
diodes, can bean advantage. 

1. In many cases, the 1C will cost about the same, 
or less, than the equivalent discrete components. 
Due to broad commercial use, many types are fair¬ 
ly inexpensive and easy to find — even at bargain 
prices from some surplus outlets. 

2. The individual transistor and diode parameters 
are much more closely matched than discrete 
components of the same type, and also retain 
matching over wide temperature variations, due 
to the individual devices being etched on a com¬ 
mon substrate. Some arrays have two specially 
matched transistors, ideal for balanced-circuit ap¬ 
plications. 

3. Printed circuit board layout may be simplified, 
using less space than with discrete devices. 

4. By using low-profile 1C sockets, troubleshoot¬ 
ing and repair can be as simple as plugging in a 
new 1C. 

Most of the major solid-state device manufacturers 

By Peter A. Lovelock, K6JM, Hughes Aircraft 
Company, P.O. Box 90515, Los Angeles, Califor¬ 
nia 90009 
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fig. 1. Pinout diagrams for the CA3019and CA3Q39are shown in A and B, respectively; C and D show two configurations for the 
CA3019, a balanced modulator and a double-balanced ring mixer. A 3-voltage regulator or reference, E, is obtained by using the 
forward-voltage drop across the diodes. By connecting the diodes back-to-back, they will also function as clippers {F). A typi¬ 
cal application for almost the entire CA3039 package, including temperature compensation, emitter bias, and output limiting is 
shown atG. 
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produce transistor arrays. For the purpose of review¬ 
ing the more commonly available types, reference is 
made only to the RCA numbers. When a pin compat¬ 
ible equivalent is made by other manufacturers, the 
RCA number has an asterisk, and the equivalents will 
be found in table 1. Also, this review is divided into 
four logical categories, for easy future reference. 

1. Diode arrays. 

2. Uncommitted-transistor arrays. 

3. Semi-committed transistor arrays. 

4. Hybrid arrays (incorporating transistors and 

diodes, both uncommitted and semi-committed). 

table 1. Pin compatible 1C array equivalents 


RCA 

National 

Fairchild 

CA3019 

LM3019 

/*A3019 

CA3039 

LM3039 

/*A3039 

CA3018 

LM3018 

/*A3018 

CA3G86 

LM3086 

^A3086 


The review includes only essential information, and 
some basic applications circuits for each type, to 
assist device selection. The reader should refer to 
the manufacturers specification sheets, data manual, 
and application notes for complete information on 
any specific device. Some complete 1C array circuits, 
both amateur and commercial, are included after the 
device review. 

diode arrays 

1. CA3019* 

Configuration: Six silicon diodes, four internally 
connected as a quad, two 
independent. 

Package: 10 pin, TO-5 (fig. 1A). 

Applications: Modulators, mixers, analog 
switches (figs. 1C and ID). 

2. CA3039* 

Configuration: Six ultra fast, low capacitance 
silicon diodes, independently 
connected. 

Package: 12 pin, TO-5 (fig. IB). 

Applications: Balanced modulators, demodu¬ 
lators, voltage reference and bias 
regulators, clipper limiters, (fig. 

ID). 

The inherent advantage of the diode arrays (figs. 1A 
and IB) is the close matching of the diodes when 
used as single or double-balanced mixers or product 
detectors. While the diodes in the CA3019 and 
CA3039 do not have identical characteristics, they 
are essentially interchangeable in many circuits. Fig. 
1C shows the CA3019 quad as a balanced modula¬ 
tor. For this application, the diode "ring" is more 
commonly used. Fig. ID shows how the CA3019 


diodes can be connected as a "ring" in a double-bal¬ 
anced mixer. Since this involves paralleling the quad 
diodes, (CR1, CR2and CR3, CR4) connecting pins 2 
and 6, and using the independent diodes CRB CR6 to 
complete the ring, balance will not be as perfect as 
with four individual diodes, though adequate for 
most purposes. If the circuit in fig. ID is used as a 
product detector, it is recommended that the LO be 
fed into T2 and audio output be taken from the cen¬ 
ter of TVs secondary. 

The CA3039's independent diodes lend themselves 
to any circuit requiring up to six fast silicon diodes. 
Figs. IE, IF, and 1G show these diodes used for 
low-voltage regulation, varistors, or transistor ampli¬ 
fier biasing with temperature compensation and out¬ 
put limiting (clipping). Note that the voltage regulat¬ 
or is for low current, limited to the maximum forward 
current of the diodes. It is best applied as a voltage 
reference, rather than high current applications in 
which reverse-polarity zener diodes are used. By us¬ 
ing one to six diodes in series, low current, stable ref¬ 
erence voltages of 0.7 V, 1.4 V, 2.1 V, 2.8 V, 3.5 V, 
and 4.2 V can be derived from one CA3039. As 
shown, regulated positive voltages are obtained, but 
by reversing the supply and diode polarity, negative 
voltages for fet or mosfet device biasing can be 
achieved. 

uncommitted transistor arrays 

1. CA3083/3183/3183A* 

Specification: Five general-purpose silicon NPN 
transistors, independent substrate 
connection. Two transistors (Q1, 
02) matched. I cmax 100 mA, Hfe 
76 typical. 

Package: 16 pin, plastic DIP (fig. 2A). 

Applications: Signal processing/switching from 
dc to vhf, lamp and relay driver, 
differential amplifiers (fig. 2E). 

2. CA3127 

Specification: Five high-frequency general- 
purpose silicon, NPN transistors, 
with independent substrate con¬ 
nection. DC to 500 MHz. Low 
noise (3.5 dB at 100 MHz). High 
power gain (30 dB at 100 MHz). 

Package: 16-pin plastic DIP (fig. 2B). 

Applications: vhf amplifiers, mixers and 
oscillators, l-f amplifiers, syn¬ 
thesizers, synchronous detectors 
(fig. 2F). 

3. CA3096A/3096AE 

Specification: Three general-purpose high- 
voltage silicon NPN transistors, 
and two general-purpose, high- 
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TOP VIEW CA3096A 

CA3096AE 




TOP VIEW CA3I38G 



fig. 2. Pinout diagrams for different transistor arrays are shown in A through D; typical applications are shown in E through H. In 
H, the parallel time constant, from the base of Q2 to ground, causes K2to open only after K1 has opened. This delay is adjustable 
according to the values used for the resistor and capacitor. By using S2 and the drive line from K4, the relays can be activated by 
SI and de-energized by S2. 
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voltage silicon, PNP transistors, 
independent substrate con¬ 
nection. 

Package: 16 pin, plastic DIP (fig. 2C). 

Applications: Differential amplifiers, dc 
amplifiers, timers, lamp and relay 
drivers (fig. 2G). 

4. CA3724G /3725G/3138G 

Specification: Four high-current silicon NPN 
transistors. I cmax 1 A fast switch¬ 
ing (30 ns at 0.5 A). 

Package: 14 pin, plastic DIP (fig. 2D). 

Applications: High-speed switching, high- 
voltage switching, high-current 
LED, lamp and relay drivers (fig. 
2H). 

The first two devices in this group, the CA3083 
and CA3127, have a lot in common, both having five 
independent NPN transistors which can be used in a 
very wide variety of circuits. However, the transistor 
characteristics in each type are quite different, even 
though there may be some circuits in which either 
could be made to work. The CA3083 has higher 
Icmax' an d is suited more for hf and audio circuits 
which require transistors with high-signal level 
parameters. Fig. 2E is a typical application for a final 
i-f amplifier (untuned), second detector, and first 
audio amplifier, using all five transistors in the 
CA3083. Q1 is used for bias stabilization of the first 
i-f amplifier. If Q2 was conventionally biased with 
two resistors, Q1 could be applied to some other 
function. 

In contrast, the CA3127 incorporates transistors 
specifically designed for small signal, high power 
gain characteristics up to 500 MHz, making it ideal 
for receiver front-end use, including rf amplifier/mix¬ 
er/oscillator combinations, 1 Fig. 2F is such an appli¬ 
cation, using all five transistors for the rf amplifier 
and mixer stages of a front-end suitable for vhf. 
Needless to say, with the high power gain of the indi¬ 
vidual transistors, considerable care should be exer¬ 
cised in the layout of such circuits to avoid building 
only oscillators. 

The CA3096 is an interesting 1C which contains a 
mixture of three NPN and two PNP transistors. The 
CA3096AE has more closely matched parameters 
between transistors, useful for complementary pair 
circuits. 

Fig. 2G is the circuit of a ten-minute interval timer 
using all the transistors in the CA3096 — a handy 
device as an identification reminder for ragchewers. 
The time constants allow adjustment of the timer 
from 1,6 to 10 minutes by changing the 5-megohm 
potentiometer. The maximum time can be changed 
by increasing or decreasing the value of the 100 jtF 


capacitor; minimum time is varied by changing the 
value of the 1-megohm fixed resistor in series with 
the pot. The lamp indicator may be replaced by a 
relay or audio reminder (such as NE555 oscillator), so 
long as Q5's collector current does not exceed 50 
mA, or a load of less than 30 ohms at 1.5 volts. 

Since the CA3724 was meant to be a high-current 
driver, an appropriate application is shown in fig. 
2H. Many times it is necessary to close and release 
relays in proper sequence. Closing SI turns on Q1, 
which closes K1, but two normally-open contacts on 
K1 are employed to put forward bias on Q2. Thus, K2 
can close only after K1. Opening SI will cause both 
relays to release at almost the same time. 

If reverse sequencing is required, a parallel RC time 
constant, from Q2's base to ground, will cause K2 to 
open after K1. K3 and K4 are driven by the emitters 
of Q3 and Q4, with the voltage across the coil of K3 
used to drive Q4. This technique eliminates the need 
for a pair of normally open relay contacts as in the 
Q1, Q2 arrangement. The single capacitor, from base 
to ground of Q4, provides for a time-delay release of 
K4; the time constant is dependent on the value of 
C, the 10-k ohm base resistor, and the resistance of 
K3'scoil. 

If a latching relay combination is desired, the nor¬ 
mally open contacts of K4 can be used to connect 
drive through S2 (momentary pushbutton, normally 
on) to the base resistor of Q1. SI should be changed 
to a momentary pushbutton, normally off. Push SI 
to activate the relays and push S2 to release. 

The circuits in fig. 2G and 2H can be combined by 
connecting the optional drive output, from pin 8 of 
the CA3096, to the optional drive input of the 
CA3724. With this combination, the timer will acti¬ 
vate the relay driver circuit after a preset time delay, 
initiated by the timer ON switch. This arrangement 
would be useful for a high-voltage time delay turn on 
in tube-type linears. SI would, of course, be elimi¬ 
nated in this arrangement, but S2 may be left as an 
emergency OFF switch. 

semi-committed transistor arrays 

1. CA3G18/3018A/3118/3118A* 

Specification: Four general-purpose silicon NPN 
transistors, two independent; two 
internally connected as a Dar¬ 
lington pair. Independent sub¬ 
strate connection. 

Package: 12 pin, TO-5 (fig. 3A). 

Applications: General use in signal processing, 
dc through vhf range. Suitable for 
use in circuits similar to CA3083. 

2. CA3086/3146/3146A/3045/3046* 

Specification: Five general-purpose silicon NPN 
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fig. 3. Pinout diagrams for transistor arrays which have internal connections between the transistors (semi-committed ar¬ 
rays). Various applications for the arrays are illustrated in E through I. Using the CA3600 mosfet array in I will limit the up¬ 
per frequency to approximately 5 MHz. Even though the CA3600 has protected inputs, normal precautions should be exer¬ 
cised while working with the 1C. 
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transistors, three independent; 
two internally connected as a dif¬ 
ferential pair {common emitters). 

Package: 14 pin, DIP package type varies 

with type number. CA3086/ 
3146/3146A are plastic package 
{fig. 3B). 

Applications: General purpose use for signal 
processing in the dc to 120 MHz 
range. 


3. CA3081 and CA3082 

Specification: Seven high-current silicon NPN 
transistors. {CA3081) All emitters 
internally connected in common. 
{CA3082) All collectors internally 
connected in common. 

Package: 16 pin, plastic DIP (fig. 30. 

Applications: Lamp, LED, and relay drivers. 


4. CA3600 


Specification: 


Package: 

Applications: 


Complementary mosfet array of 3 
N-channel and 3 P-channel 
enhancement mode mosfets, gate 
protected. 

14 pin, plastic DIP {fig. 3D). 

High input-impedance linear 
amplifiers, low-power oscillators. 


As mentioned earlier, this group of arrays has two 
or more of the transistors internally connected in a 
partial circuit, but this does not eliminate their use as 
independent transistors, though there are more limit¬ 
ations than the undedicated group. 

The characteristics of the individual transistors in 
the CA3018 and CA3086 families are sufficiently 
close to the CA3083 so that RCA specifies the same 
application note for all three. The CA3083 has an 
I cm ax of 100 mA, while the CA3018 and CA3086 have 
Jcmax °f mA. Otherwise, the parameters are close 
enough to make these three devices interchangeable 
in almost any circuit where the partially committed 
arrangement of the latter two permits. In both the 
CA3018 and CA3086, the four transistors may be 
used independently by allowing the pins of the fifth 
device to float unconnected. Or, in the CA3086, the 
pins of the differential pair may be jumpered {5-1 and 
4-2) creating a single transistor with an I cmax of 100 
mA. Also, the darlington pair in the CA3018 may be 
used as a single, super-beta transistor by using pins 
11 and 12 as the collector, 9 as the base, and 1 as the 
emitter. Since applications for the CA3018 and 
CA3086 are similar to the uncommitted CA3083, no 
basic circuits are shown for these types. 

The CA3081 and CA3082 both incorporate seven 
NPN transistors having identical characteristics, the 
CA3081 having all collectors connected together. 


and the CA3082 with all emitters connected. These 
devices were designed to drive seven-segment dis¬ 
plays as shown in fig. 3E. However, these devices 
can be used for low-current, remote driving of a vari¬ 
ety of other components including relays, LEDs, in¬ 
candescent lamps, power transistor switches, fet 
switches, SCRs, and complex devices such as an 
NE555 oscillator. The only constraint is that current 
supplied to the driven device does not exceed the 
Icmax °f 50 mA for each transistor. If a higher current 
rating is required, two or more of the transistors may 
be paralleled. 

The CA3081 may also be used as seven indepen¬ 
dent amplifiers in circuits where grounded emitters 
are appropriate. Likewise, the CA3082 may be em¬ 
ployed as seven emitter followers with independent 
inputs and outputs. Such circuits may be used as 
buffer mixers (separate inputs, common output) or 
distribution isolators {common input, separate out¬ 
puts). 

The CA3600 may be one of the less familiar ICs. 
This device has three pairs of complementary mosfet 
transistors, with the input gates of each pair con¬ 
nected. Each pair has one P-channel and one N~ 
channel enhancement-mode mosfet. The N-channel, 
depletion-mode mosfet is familiar to most, appearing 
frequently in single- or double-gate versions for rf 
amplifiers and mixers. The depletion-mode devices 
have channels which are normally ON in the absence 
of gate bias. Enhancement mode mosfets have chan¬ 
nels normally OFF until bias is applied to the gates, 
positive bias for P-channel and negative bias for N- 
channel. Using an ac input signal as bias, the linear 
amplifier shown in fig. 3G will have the P-channel 
transistor conducting on positive half cycles, and the 
N-channel device on negative half cycles. The output 
from C2 will be a complete, amplified replica of the 
ac input. 

One nice thing about complementary amplifiers of 
this type is that they maintain a high-linearity output 
swing, over almost the entire limit of supply voltage. 
Therefore, you can obtain close to 10 V p-p output 
with a 10 Vdc supply. In addition, the input imped¬ 
ance is very high, with the circuits requiring a mini¬ 
mum of external components. Fig. 3H shows the 
basic amplifier expanded into a crystal oscillator, and 
fig. 31 illustrates the entire 1C connected as a com¬ 
plete, cascaded 100 dB amplifier. The high input im¬ 
pedance and high off-resistance of the P and N chan¬ 
nel enhancement-mode mosfets make them highly 
suited for switching circuits where the load current 
does not exceed 10 mA. For those who are hesitant 
to use CMOS devices, considering their sensitivity to 
static voltages, the CA3600 device has resistor/zener 
diode-protected gates to minimize the chance of 
static damage. 
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fig. 4. Pin diagrams for the hybrid integrated circuit arrays are shown in A through D. Applications for this group of arrays include 
voltage regulators and a low-noise preamplifier, as shown in E thorugh G. The amplifier in G has a voltage gain of 30 dB and a 
noise factor of 2 dB at 10 Hz, decreasing to 0.3 dB at 1 kHz, 
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fig. 5. Schematic diagram of a product detector, a-m detector, and noise limiter using the CA3039. T1 and T2 are 02 ferrite cores 
wound with 12 turns of no. 26 AWG (0.4 mm) enameled wire. The individual wires should be twisted approximately 1 turn per 
centimeter (3 turns/inch). The carrier oscillator signal (+ 7 dBm) must be off when the detector is used for a-m. 


hybrid arrays 

1. C A3093 


Specification: Three independent general- 
purpose, high-current silicon NPN 
transistors — two independent 7- 
volt, 1/4-watt zener diodes; one 
general-purpose silicon diode. 
Two of the transistors, Q1 and 
02, are closely matched at 1 mA. 

Package: 16 pin, plastic DIP (fig. 4A). 

Applications: Signal processing/switching from 
dc to vhf. Temperature compen¬ 
sated voltage and current regula¬ 
tors. 

2. CA3097 


Specification: One independent silicon NPN 
transistor. An NPN and PNP tran¬ 
sistor pair, one zener diode, one 
programmable unijunction tran¬ 
sistor, and one silicon-controlled 
rectifier. 

Package: 16 pin, plastic DIP (fig. 4B). 

Applications: Voltage regulators, timers, cons¬ 
tant current source, oscillators, 
multivibrators. 

3. CA3084 


Specification: Two independent general- 
purpose silicon PNP transistors, 
two PNP transistors connected as 


a Darlington pair, combination of 
two PNP transistors and one 
diode connected as a "current 
mirror." 

Package: 14 pin, plastic DIP (fig. 40. 

Applications: General signal processing, low 
power, low frequency; double- 
balanced mixers/modulators, pro¬ 
duct detectors. 


4. CA3095 

Specification: Three independent high-voltage 
silicon NPN transistors, five NPN 
transistors, differential amplifier 
array, two of which (Q1 and 02) 
are super-beta types. 

Package: 16pin, plastic DIP (fig. 4D). 

Applications: Super-beta preamplifiers, high- 
impedance dc meter amplifier, 
low-noise video amplifier. The in¬ 
dependent transistors are usable 
for signal processing from dc to 
vhf. 


This group of arrays will test your imagination for 
using different solid-state devices. However, the 
manufacturers were not arbitrary in selecting the dif¬ 
ferent devices. 

Fig. 4E, one example of a use for the CA3093, is a 
temperature compensated, series voltage regulator, 
adjustable from 8.5 to 15 volts at a maximum of 100 
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fig. 6. Schematic diagram for a vox/semi-break-in system using the CA3086. Q6 is an external transistor which must have a 
collector current rating sufficient to control the external relays. CR2 is a 6.2 volt, 1-watt Zener diode. CR3 and CR4 must be ger¬ 
manium diodes. 


mA. Fig. 4F is a shunt voltage regulator using the 
CA3097, leaving one transistor, SCR, and a program¬ 
mable UJT for other use. 

The CA3084 includes four general-purpose PNP 
transistors, with Q3 and Q4 connected as a darling- 
ton pair. Also included is a "current mirror" arrange¬ 
ment of two PNP transistors and a diode. The two in¬ 
dependent PNP transistors are closely matched, and 
can be employed in separate circuits, or as part of a 
balanced complimentary circuit with NPN transis¬ 
tors. The darlington pair, having three basic connec¬ 
tions (base, collector, emitter), can be considered as 
a single super-beta transistor with an h FE of 1250. 


The PNP current mirror is suited as an active load for 
differential amplifiers which use NPN transistors. In 
general, the CA3084 device is used to furnish circuit 
sections for other ICs or discrete devices, rather than 
providing a complete circuit function. 

Three independent general-purpose NPN transis¬ 
tors are contained in the CA3095, in addition to a dif¬ 
ferential-amplifier array of five NPN transistors and 
two diodes. Two of the transistors (Q1 and G2) are 
super-beta types with an h EE of more than 1000. The 
differential amplifier and independent transistors may 
be used separately, or combined (fig. 4G) into a very 
high-input impedance, low-noise amplifier. 
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fig. 1 . Schematic diagram of a squelch circuit using the CA3018. 


getting the most from practical circuits 

The basic circuits, illustrating the use of each type 
array, were intended as examples of the versatility of 
these devices. Many different uses will be found by 
the enterprising builder. Some of the array devices, 
such as the uncommitted transistor arrays, will find 
many more applications than the more specialized 
types. 

Determining whether to build a project with an 1C 


array or discrete components is a matter of planning 
and trade-offs. Once you have a circuit to construct, 
research the available devices to see if one of them 
incorporates all, or most, of the active components 
required. After all, it doesn't make sense to use a 
CA3093 to use only two transistors, leaving the third, 
plus two zeners and a diode as spares; though on oc¬ 
casions, one unused section can come in handy for 
later modifications. The real trick is working all of the 
active 1C sections into a construction project, and 



fig. 8. The CA3086 has been used to its fullest advantage in the Atlas series transceivers. This schematic shows the micro¬ 
phone/modulator amplifiers, and S-meter amplifier in the transceivers. 
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this article would not be complete without including 
some practical amateur and commercial circuits 
where this has been achieved to advantage. 

Fig. 5 is a double-balanced, diode-ring product 
detector, a single-diode detector, and a series-gate 
noise limiter, using all the devices in a CA3039. The 
TO-5 package occupies less space than individual 
diodes flat on the board. In addition, the matched 
diodes give superior performance in the product de¬ 
tector. A module of this type, to replace the triode 
product detector in a tube receiver, has been built on 
a printed-circuit board measuring only 4 x 4 cm 
(1-1/2x 1-1/2 inch). 

Fig. 6A is the circuit of a complete vox and semi- 
break-in CW module, including sidetone using a 
single CA3086 1C. One external transistor, Q6, is 
used as a solid-state switch to energize the transmit¬ 
ter relays. 

The output from Q1, the input audio amplifier, is 
rectified by CR1, applying bias to Q2. This emitter 
follower (Q2) with a variable RC time constant in the 
emitter lead, sets the vox delay. The differential pair 
Q3 and Q4, are connected as a Schmitt trigger, with 
Q4 normally conducting, its collector voltage is about 
+ 2 volt and the 6.2 volt zener (CR2) cannot conduct. 
When rectified audio causes the Schmitt trigger to 
switch, Q4 conducts and the resultant 10-volt collec¬ 
tor voltage causes CR2 to conduct, turning on Q6. 
Q5 is an RC coupled, phase-shift audio oscillator. 


with an output from 700 to 800 Hz. When its emitter 
resistor is grounded through the key jack, the tone 
output is fed to the transceiver (or receiver) audio 
output stages, providing a sidetone in the CW mode. 
The oscillator's output is also fed to Q1, causing the 
vox circuit to function in the same manner as with a 
normal microphone input. A manually operated 
mode is provided by grounding the base of Q3, CR3 
and CR4 rectify the speaker output, providing the 
anti-vox control. 

Fig. 7 is the circuit of a squelch module, based on 
the CA3018, 2 for use with fm receivers. The entire 
circuit was built on a board measuring only 2 x 3.5 
cm (0.8 x 1.4 inches). 

The circuit for the microphone amplifier, balanced- 
modulator audio driver, and S-meter amplifier stages 
used in the popular Atlas Radio 210/215 series trans¬ 
ceivers is shown in fig. 8. This is an excellent exam¬ 
ple of making full use of an 1C array. Q1 is a high 
impedance emitter follower, Q2, a voltage amplifier, 
Q3 and Q4, a differential pair strapped to form a 
single low-impedance emitter follower. 
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had to be better.* COMMUNICATOR I our 6 channel, 
3 watt handheld, and COMMUNICATOR II our 800 
channel synthesized 25 watt mobile offer all the 


features of the “BEST" — and a few extra, including 
our one year warranty and a toll free 800 number 
answered by other hams who speak your language. 
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tracking down 

repeater jammers 


Malicious interference 
is increasing 
on the amateur bands, 
particularly on 2 meters — 
here are some ideas 
for concerned 
hams who want 
to do something about it 

Repeaters seem to attract a variety of intentional 
jammers. Kerchunking is by far the most common 
offense, and nearly every 2-meter operator does it at 
one time or another to check that the rig is getting 
out. But there are others who do it regularly and 
repeatedly, even to the point of trying to play "Jingle 
Bells." They have been heard to say, "I guess I'll 
wear out another relay." 

the problem 

Almost every time a 2-meter rig is ripped off in the 
mistaken belief that it can be peddled as CB, there's 
an epidemic of jamming. It starts with kerchunking, 
progresses to attempts to raise another CBer, then 
often proceeds to false calls, obscenity, or the type 
of operation that's led to the term "Chicken Band." 

Another source of repeater jamming is the malcon¬ 
tent who's unhappy because the repeater is operat¬ 
ing on his frequency. Some of his tricks are blocking 
signal levels, noise modulation, endless kerchunking, 
and retransmission of signals from other channels or 
of other services. A really mean trick is to key the 
transmitter at a rate that may simulate "picket fenc- 

* An example of what’s being done to stem the vhf jammer problem appears 
in reference 1. Editor. 


ing," or may lead users to believe that a rig or 
repeater malfunction has occurred. 

Amateur clubs (and stations) should have the abili¬ 
ty to track down and identify these jamming 
sources.* For one thing, this can lead to the recovery 
of a stolen rig and to the word being passed to stay 
off ham equipment. Also, besides leading to a better 
repeater operation, the track and identification capa¬ 
bility should be of major value in a manmade noise 
program. This can help all hams, not just repeater 
users. 

Although the operations involved require individu¬ 
al effort, it's probably better to undertake such a pro¬ 
gram as a club effort. Some reasons for this are dis¬ 
cussed at the end of the article. 

interference plan 

For an anti-jamming or interference program to 
work, a plan of action is needed. The basic elements 
are: 

1. Detection 

2. Alerting 

3. Preliminary locating 

4. Spotting 

5. Identifying 

6. Acting 

Each involves some effort and some time. Several 
elements also involve some skill, but the effort per 
person can be kept low. These factors are among the 
reasons this anti-jamming effort makes a good club 
project. 

detection 

Detection can be left to chance, but it's a good 
idea to have at least some planned effort. In fact, 
jamming detection can also serve another purpose — 
intruder detection; the steps and procedures are the 
same. 

One way to handle the detection problem is to 

By R, P. Haviland, W4MB, 2100 South Nova 
Road, Daytona Beach, Florida 32019 
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combine it with another one. At any time a club 
probably has one or more members who are shut in 
for some reason, usually illness. Many of these peo¬ 
ple are happy to have some light chore to help pass 
the time. Monitoring can help. The club can help by 
having a set of loan equipment available, or possibly 
two sets, one receive-only for nonlicensed members. 

While any reasonable antenna and receiver combi¬ 
nation is suitable for monitoring, a comprehensive 
plan should be based on the use of scanners. Very 
good commercial scanners covering up to ten chan¬ 
nels or so are available at reasonable cost. Panoramic 
vhf receivers can sometimes be found in surplus 
sources, or a Panadaptor can be added to a vhf 
receiver. Incidentally, it doesn't make much differ¬ 
ence whether an a-m or fm receiver is used. So older 
rigs can serve the monitoring function. A mechanical 
dial drive along the lines of the General Radio 1521 
drive unit could be worked out for older, continu¬ 
ously tuned rigs. 

Owners of synthesized rigs are in a good position 
to check all or at least a good number of the chan¬ 
nels. However, doing this by throwing lever switches 
becomes very tedious. The procedure can be mech¬ 
anized by the simple addition of a counter chain that 
feeds the rig's internal counters. The basic principles 
are shown in fig. 1. The OR gates can be mechanical 
switches, but a diode or 1C OR gate is simpler. Some 
form of level changing will be needed to allow the 
squelch to stop scanning; it can be a relay. The same 
circuit can start a recorder. 

A few simple logic circuits can be used to give a 
no-noise, unattended monitor system, which can 
also reduce time in checking for interference. The 
trick is to use two tape recorders. One would be set 
up to run when a signal is detected. Ideally it would 
be a two-track unit with time on the second track, 
say by digital clock readout or WWV/CHU recording. 
The other recorder would start when a signal is 
received and run for about thirty seconds. Then it 


Public awareness of personal two-way radio communication is 
keeping pace with the population — both are increasing. Adding 
fuel to the fire is the increasing availability of low-cost equipment, 
which means that almost anyone who wants to own a two way 
radio can be in business with little effort and a modest outlay of 
cash, often without bothering to obtain a license. Along with this 
upsurge of personal radio activity is the inevitable: an increase in 
malicious interference by those of marginal mentality who seem to 
enjoy disrupting legitimate communications. The problem exists in 
the Citizen Band radio service as well as the Amateur service; the 
problem is particularly severe on 2 meters. 

Radio amateurs are noted for policing their operating frequen¬ 
cies. In this article, author Haviland offers some ideas for those 
interested in ferreting out jammers on two meters. He presents an 
interference plan and suggestions for implementing it together with 
suggestions on avoiding legal pitfalls during final action. The theory 
behind the program is that, once the program is working and the 
pressure is on, jammers will give up and disappear. Editor. 
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fig. 1. Adding scan-capability to a synthesized radio. 
Switching can be mechanical or by logic elements. 


would not restart until the signal had been off for, 
say, fifteen seconds. This avoids recording most 
legitimate contacts and long patches of interference. 
The compression allows fast review of a day's 
record. If suspicious signals are found, the full tape 
can be reviewed. 

This type of system doesn't permit immediate 
action, but it is good for uncovering the operating 
habits of intruders, or of intentional jammers. It also 
gives a useful record for analysis and possible action. 

alerting 

The purpose of alerting is to bring the locating and 
identifying resources of the interference plan into 
play. For several reasons it's best to use a small num¬ 
ber of alerters. This helps prevent false alerts and 
callup for marginally traceable interference. Also it 
helps prevent annoyance to a number of people — if 
a dedicated, intentional jammer is around it's virtually 
certain that he'll try to harass all concerned by trying 
to break up contacts by 3 AM phone calls or even 
dirtier tricks. 

The alerters must be prepared to put up with such 
tricks and should be ready with appropriate counters 
— fast frequency change, power increase if neces¬ 
sary, and call monitoring by the phone company. In 
severe problems it may be necessary to go to a two- 
tier alerting plan — a fairly large number of people 
who will relay a detection notice to the actual alerter. 

The alert should be in stages. The first step is to 
determine if further effort will be worthwhile. This 
can be done by one or two stations who can tell if the 
signals are strong enough to get a good DF bearing, 
if the interference source is fixed or moving, if it's 
distant or local, or if the problem warrants further 
action. 

If further actions seems in order, enough direction¬ 
finding stations should be alerted to get a good fix. 
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One situation needing fast action is that of a ripped- 
off rig being tested. This is almost always a local 
fixed-station problem. Chronic and intentional inter¬ 
ference may be local or distant, but doesn't require 
immediate action — it may be better to wait, perhaps 



fig. 2. Skewed Yagis for direction finding. Feed may be 
switched between antennas or at the receiver. 


until a key DF station is available or until signal levels 
increase so that a good DF bearing and good identifi¬ 
cation are possible. 

Overall, the alerting must involve decisions on: 

1. Preliminary evaluation 

2. DFing 

3. Mobile DFing 

4. Identification 

5. Urgency 

Some of these decisions can be handled by land¬ 
line but others require coordination and passing of 
data. A "jammer net" is good, with the alerting sta¬ 
tion acting as net control. Obviously, coordinating 
operations should not be on the channel subject to 
interference. Probably the operations should be sim¬ 
plex, although the net alert can be called by a 
repeater. 

direction finding 

The DF techniques will vary somewhat for fixed 
and mobile interference and for local and DX signals. 
The standard rules apply, of course: a minimum of 
two bearings are needed. A minimum signal-to-noise 
ratio is needed for good angle accuracy, and for 
good geometric resolution the bearings must cross at 
angles approaching 90°. 

For preliminary evaluation, bearings can be ob¬ 
tained from any station with a rotary beam. Two 
such stations may give sufficient accuracy on local 
signals to justify dispatching one or more mobiles for 
pinpointing the source. 


Better DF accuracy can be secured with a special 
DF antenna setup. One simple method, shown in fig. 
2, is to mount two identical beams at an angle of 40° 
to 60° using two feed lines to a switch, which may be 
at the receiver. Rotating the array until the signals 
from the two beams are the same gives the signal 
bearing as the bisector of the angle between the 
arrays. 

Somewhat better accuracy can be obtained with 
phased antennas. The Adcock array of fig, 3 is very 
good. For this antenna the bearing is the angle giving 
a null signal and lies at right angles to the plane of the 
elements. Watch the 180° null. 

For distant signals working at the null is not too 
accurate, and it may be necessary to use lobe- 
switched arrays as shown in fig. 4. As for the 
skewed array, (fig. 2), the bearing is that giving 
equal signals as the switch is operated. 

Various refinements to these simple techniques 
can be made, such as fast switching, synchronized 
indicator switching for right-left indication, and visu¬ 
al presentation. See the various handbooks, such as 
Terman's Radio Engineers Handbook for ideas 
and data. 

If the interference source is moving a special prob¬ 
lem exists, which is related to the problem of relative 
motion for ships at sea. See Dutton's Navigation for 
solution to these problems by use of the maneuver¬ 
ing board. 

pinpointing 

Sometimes bearings from fixed stations will give 
sufficient accuracy to pinpoint a source, but it's 
often necessary to call on mobiles. 


36cm 
(14 IN.) 
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~ (10 IN.) ' 


IT 

ro 

MATCHING 
AND FEED 
SYSTEM 


36 cm 


(14 IN > 


fig. 3. Simplified Adcock array. Matching may be omitted 
for receive only. The feed impedance is low. System can be 
made from simple materials. 
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Fair results can be obtained with mobiles having 
simple antennas if the receiver has an S-meter. 1 The 
procedure is to drive in directions that give signal- 
strength increases. Driving around a suspected area 
may confirm that the signal source is enclosed, and it 
may be possible to spot an antenna system. Mobiles 
doing this should remain on public access roads or 
areas and probably should not stop for any reason. 

Better and faster results can be secured if the 
mobile has DF capability. Probably the simplest DF 
unit is made of two half-wavelengths of wire mount¬ 
ed on a wood pole, as shown in fig. 3. It's not too 
difficult to work out a window mount, which will 
allow DFing while in motion. 

With this type of antenna, a very close fix is possi¬ 
ble by using the process called “doubling the angle 
on the bow/' a nautical technique. Drive in a straight 
line past the suspected location. When the angle to 
the signal is 45° to the line of motion, note the posi¬ 
tion along the route. Continue driving until the bear¬ 
ing is 90°. The signal is coming from a point at right 
angles to the route, and its distance from the route is 
equal to the distance from the first position, as 
shown in fig. 5. See navigation texts for variations in 
the technique. 

This mobile pinpointing can be speeded up if the 
fixed-location DFing stations track the mobiles with 
respect to the interference. Angle differences can be 
measured more accurately. 

identification 

While locating and pinpointing are going on, steps 
that will permit identification of the signal can start. 
One element of this procedure is to show that harm 
to communications actually results from the interfer¬ 
ence. Another part is to show that the signal is com¬ 
ing from the pinpointed location. A final goal is to 
identify the transmitter causing the interference, or 
even the person responsible. This identification is not 
just for information — it may be crucial if action is to 
be taken, as discussed later. 

The first element of identification is complete and 
accurate logging. This should show as a minimum 

1. Date and time 

2. Band and frequency 

3. Station or communications being interfered 
with 

4. Description of interference 

In addition it's desirable to record any analysis of 
the interference, including bandwidth, center fre¬ 
quency, results of a-m and fm reception, and approx¬ 
imate or exact spectral distribution. Each log entry 
should be signed, and, if possible, witnessed. 


The use of tape recordings for interference detec¬ 
tion has been mentioned. These records are valuable 
in identification, especially if some simple precau¬ 
tions are taken. Each tape should start with an 
announcement of the fact that it is an interference 



logic t 

RYI FOR RIGHT LOBE N * / 

RY3 FOR LEFT LOBE 

RY2 FOR CENTER LOBE 
(NORMAL u$E) 


a 76mm(3INJ RG-8/U TYP. 
b ANY LENGTH RG-8/U 
C EQUAL LENGTHS RG-8/U 


© 


fig. 4. Lobe-switched system for DXing. Sketch A shows the 
antenna arrangement. Booms are parallel; spacing is typi¬ 
cally one wavelength. The connection harness is shown 
in B. 


record, and the date, time, operator, and place giv¬ 
en. It is well to state the make and serial number of 
equipment used in reception and in recording. Before 
the recorder is shut off, the date and time should be 
repeated. Strip charts are also useful. These may 
give the pattern of interference, including times of. 
occurrence and relative levels of wanted signal and 
interference. 

Recordings should also be made by the mobiles 
used in pinpointing. Signal level at various locations 
is helpful in showing the extent of interference and 
the general location of the source. When the source 
location has been identified, simultaneous recordings 
at the locating mobile or mobiles and the tracking 
stations should be made. Each should be identified, 
of course. 
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in many interference cases pinpointing the loca¬ 
tion of a jammer, and showing by records that the 
interference does come from that location, is suffi¬ 
cient for action. However, cases may arise where fur¬ 
ther identification is needed. 

Identification of a particular transmitter or person 
is not easy but possible. Two types of material are 
needed: the interference records and identified 
records of suspected sources. The identification 
rests on "signature" analysis and matching, that is. 



DISTANCE TRAVELED = DISTANCE. STATION TO ROUTE 

fig. 5. Method for pinpointing source location by using the 
navigational system of "doubling the angle on the bow," 


an identifiable element of the signal that forms an 
identifiable characteristic. For example, the bias fre¬ 
quency in recorders varies. The frequency can be 
determined by comparing it to the 60-Hz hum fre¬ 
quency when present. Recorders, receivers, and 
transmitters may be identified by comparing the rela¬ 
tive magnitude of hum components at 60 Hz, 120 Hz, 
etc. Sometimes special components are present, 
such as parasitics, peculiar background noise, or 
peculiarities of off-on characteristics. 

Identification of individuals is also based on a form 
of signature analysis. For CW, this may be the ratio 
of dot to dash lengths, the way dash length changes 
from character-to-character, or individual tricks in 
spacing. For voice, the relative strength of compo¬ 
nents in the three major speech bands form identifier 
elements, as do word choice, syllable rates, and 
many other factors. It requires some detective work, 
but it can be done. 

Signature analysis is certainly beyond the capabil¬ 
ity of most amateurs, and probably beyond the capa¬ 
bility of most clubs. Those groups in areas with good 
laboratories can probably do the work or get it done: 
arrangements might be made to call on one of these 
groups if simpler steps are not sufficient. In any 
event, recordings should be made with the thought 


that analysis may be required as a part of the remedi¬ 
al action taken. Make at least some records with 
good-quality tape recorders; and, if there's reason to 
suspect an identified station or individual, make 
recordings of this station, giving identification. 

action 

In many cases interference of the type considered 
here disappears when the fact of an anti-jammer pro¬ 
gram becomes known. When this happens the plan 
should go into standby. It's a good idea to demon¬ 
strate that it works, say by a hidden transmitter hunt. 

Unintentional interference will probably be cor¬ 
rected when the source is advised of its existence. If 
this type appears, a letter or telephone call discussing 
the problem appears to be in order. 

Casual interference, say by kids, is usually not a 
great problem. If it persists, tracking down and noti¬ 
fying parents, the organization concerned, or even 
passing the information along the grapevine usually 
clears up the matter. 

Interference caused by stolen rigs doesn't usually 
last long. If an attempt is to be made to recover the 
rig, however, fast action is needed. Several accounts 
of approaches to this problem have been published. 

If interference continues and appears intentional or 
willful, there may be grounds for complaints to the 
FCC. Such factors as unidentified signals, or illegal 
forms of modulation, are direct grounds. However, 
interference per se is not necessarily adequate 
grounds. No amateur station has prior or exclusive 
rights to a frequency, and it's necessary to show that 
willful or malicious intent exists, which is difficult. In 
these continued interference problems, it's probably 
best to review the matter and the available records 
with the Commission field offices. But remember 
that these offices are understaffed and busy, so 
make sure you have a legitimate problem. 

Some states have laws intended to apply to fran¬ 
chised communication services, which also apply to 
at least some amateur communications. Competent 
legal advice should be sought before any action is 
taken. 

One thing should be watched. Individual action is 
not only unwise — it may even be dangerous. The 
news accounts of CBers' quarrels show this. Even 
group or club action should be carefully considered. 

Fortunately, most interference problems can be 
handled without too much trouble. As noted, they 
tend to go away when there is a program to take care 
of them. 

reference 
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high-performance 

rf-agc amplifier 


Presenting a 
small step forward 
in front-end 
receiver design — 
an amplifier 
with high power gain 
and good age 
characteristics 


During construction of a 6-meter ssb transceiver, I 
needed an improved rf-agc amplifier. My require¬ 
ments called for 15-dB minimum power gain, low 
noise figure, and good signal-handling capability that 
wouldn't deteriorate with the application of age. Fur¬ 
thermore, a good input/output match to 50 ohms 
had to be maintained over the age range. The well- 
known circuits I had used or seen in the past 
wouldn't meet all these requirements simultane¬ 
ously. What follows is my approach to the problem 
of compatibility between a high-gain rf input ampli¬ 
fier and really good age control. Also offered are 
some suggestions on further improving input/output 
linearity, and some equations for calculating power 
gain and impedance. 

initial experiments 

The dual-gate mosfet amplifier worked fine with 
constant bias, but signal-handling capability deterior¬ 
ated with age. Also, this circuit required a high-input 
impedance transformation for a match, a no-no in 
good front-end design. Next I considered the 
grounded-gate circuit, where an input match was 
easily obtained with a low-impedance transforma¬ 
tion. Available power gain was disappointingly low, 
however, and input-impedance change with age was 
totally unacceptable. From this initial investigation I 
reached two conclusions; A new amplifier configura¬ 
tion was necessary to meet gain, impedance match, 
and signal-handling requirements; and age control 

By Andy Borsa, WA1FRJ, 6 Colby Lane, 
Pelham, New Hampshire 03076 
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must not involve changing amplifier bias level in 
any way. 1 

final circuit design 

To make a long story short, the circuit evolved into 
that shown in fig. 1. The basic arrangement is a cas- 
code jfet amplifier. However the input fet, Q1, 
receives drive at both gate and source terminals. This 
provides two advantages, the first being an input 
match with a transformation only slightly higher than 
that of a simple common-gate stage. Second, this 
type input permits a choice of gain in the range 
between common source and common gate arrange¬ 
ments. 


turn on, shunting more and more signal current away 
from 02, decreasing stage gain accordingly. Maxi¬ 
mum gain cut is determined by the saturated ON 
resistance of Q3 in series with the coupling-capacitor 
impedance, together with theg m (forward transcon¬ 
ductance) of 02. With a good high-current switch at 
Q3 (such as a 2N22 2 2), a very respectable age range 
of at least 35-40 dB can be achieved. 

There are other, less obvious, advantages with this 
age circuit. First, control takes place at the point of 
smallest signal voltage, or lowest impedance. Sec¬ 
ond, the control element operates with increasing 
forward bias as gain decreases (input signal 
increases). Both points are extremely desirable from 


fig. 1. Schematic of the 50-54- 
MHz rf/age amplifier. The in¬ 
put transformer is wound on a 
small toroid core; total second¬ 
ary inductance is 0.5 jiH. Coil 
data are sketchy because of the 
use of surplus cores and forms 
of unknown origin and charac¬ 
teristics. 



In a related fashion, noise figure follows a similar 
relationship. The output fet, Q2, is conventional. 
Any reasonable output network may be used to meet 
gain and impedance requirements. The circuit isn't 
original with me, as a bipolar version is mentioned by 
Rheinfelder. 2 A similar arrangement has been 
described for use in vacuum-tube linear power ampli¬ 
fiers; 3 however, I've never seen its excellent capabili¬ 
ties put to use in modern ham equipment. 

age control 

The method of age control is unconventional (as 
far as I know) for an fet amplifier. It does bear some 
resemblance to a bipolar cascode circuit using a dif¬ 
ferential pair with current source, although operation 
does not involve changing amplifier bias level. In fig. 
1, a transistor is ac-coupled to the interface between 
the fets. As long as this transistor remains biased off, 
it has little effect on the signal current passing from 
Q1 to Q2. With increasing age voltage, Q3 begins to 


a dynamic-range point of view. Finally, circuit com¬ 
plexity is only slightly greater than that of a standard 
cascode or mosfet stage. 

circuit description 

The circuit of fig. 1 uses low-Q input and output 
networks to achieve an almost flat 16-dB power gain 
over the entire 6-meter band. A high-value shunt 
resistor across the output coil was sufficient to limit 
the gain to the desired value because of the low 
unloaded Q of the miniature coil I used. (A high-G 
coil here would have resulted in a much lower shunt 
resistor to keep the gain down.) Input and output 
amplifier ports provide a very good match to 50 
ohms, an important consideration for low-input vswr 
presented to the vhf antenna and cable and for the 
following multi-pole bandpass filter. 

The age transistor, a 2N2222A, receives its base 
drive through a nonlinear resistor-diode network. 
This arrangement linearizes the dB gain cut versus 
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control voltage characteristic over the range I 
required. This or similar networks (using zeners, for 
example) can be used to tailor the age levels and 
response curve to meet your specific requirements. 

I found no need for parasitic suppression with this 
circuit; however, the layout is very compact with 
good bypassing and grounding, so other construc¬ 
tion methods might require resistors or ferrite beads 
applied to 02 gate and drain. A further point in this 
circuit is that 02 was selected for a slightly higher 
Iq SS (zero-bias drain current) than Q1. This would 
not be necessary with sufficient source bias at Q1. 

test results 

Fig. 2 is a plot of the age characteristics for the cir¬ 
cuit. The linearity is acceptable but could be further 
improved by operating on the base drive to Q3. My 
test setup was limited to the 30-dB of gain cut 
shown, but at least 40 dB should be achievable. 

Further tests of input-output linearity revealed a 
1-dB gain compression level at +7 dBm output to 50 
ohms, corresponding to a -9 dBm input level. Even 
at a gain cut of 30 dB, the input level for 1-dB com¬ 
pression didn't drop more than a couple of dB. 
Although this performance is good, further work is 
indicated, since this rf stage is still (on paper) the lim¬ 
iting strong-signal factor in my receiver. 

Some possibilities for improvement: operate Q3 
with some collector-to-emitter-current bias; use 
higher g m fets; and maybe substitute PIN or rectifier 
diodes for Q3. Noise figure and IMD measurements 
are still awaiting completion of the receiver section, 
although I expect performance in this area to be 
good, at the very least. 


Q2 



fig. 3. Simplified ac equivalent circuit for power gain and 
impedance calculations. 


ment. For this, I'll use the simplified ac equivalent cir¬ 
cuit of fig. 3: 

power gain = [g m n 0 (nGnJ] 2 (1) 

where 

n G = output voltage step down ratio 
no = gate winding step up ratio 
n s = source winding step up ratio 
g m = ac forward transconductance 
Rp = combined resistive loading and coil losses 
R Jn = input impedance presented to input 
transformer primary 
R l = load resistance 

Normally, R in -R L = 50 ohms. In eq. 1 it's assumed 
that sufficient resistive and coil loading exists so that 
Rd- (™o) 2 Rl> which makes the circuit output 
resistance equal to that of the load. Once R in is set, 
the following equation should be used to define the 
input turns ratios: 

n s (n G + nJ = -~^ ( 2 ) 


calculating gain 
and impedance 

When looking at published schematics. I've often 
wondered how other authors arrived at particular cir¬ 
cuit values. So, at the risk of being blamed for too 
many technicalities. I'd like to present some equa¬ 
tions and information for those wishing to experi- 



fig. 2. Age characteristics for the circuit of fig. 1. 


A few iterations between these equations may be 
required to achieve reasonable proportions for the 
input and output turns ratios. But reasonable num¬ 
bers usually result by choosing n s ~ 1 so that 

n G --~s -Then all that's left is to solve eq. 1 

gmRin 

for the output turns ratio corresponding to the 
desired power gain. 

It is my hope that the data presented here will help 
produce some small advance in communications- 
receiver performance. Obviously, this amplifier cir¬ 
cuit isn't limited to the 6-meter band; in fact, I use 
similar versions for my receiver's 9-MHz i-f chain. I'd 
truly appreciate hearing from anyone who either uses 
or further evaluates this circuit. 
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modified quad antenna 


If you haunt the 
20-meter band for DX 
you’ve no doubt 
heard ZF1MA — 
here’s a description 
of the antenna 
that puts out his 
big signal 

The quad has long been acclaimed a great DX 
antenna ever since Clarence C. Moore, W9LZX, 
made history with it in the mountains of Ecuador in 
1939. Very few articles have appeared in the litera¬ 
ture regarding its design changes. This article 
describes some novel changes to the quad, which 
makes it an efficient DX antenna. 

construction 

Fig. 1 illustrates the basic design of the quad. This 
antenna was made from locally available materials. 
Its design departs from conventional quads in several 
respects. 


The spider. The first part to be constructed is the 
spider, which must be lightweight and strong. I made 
several spiders using different materials (aluminum 
and galvanized iron). These spider designs were 
abandoned as being either too heavy or too weak. 
Finally, a spider made from a 61-cm (24-inch) length 
of 51-mm (2-inch) diameter galvanized tubing had 
the necessary structural characteristics. This spider 
was cut as shown in fig. 2. The photo shows the 
spider in the half-finished stage. 



Details of the spider used in the modified quad showing 
ho$e-clamp connections for the elements. All materials 
were obtained locally. 


By Joseph B. W. Jackman, ZF1MA, P.0. Box 
459, Grand Cayman Island, British West Indies 
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fig. 1. The modified quad antenna used at ZF1MA. Design uses three driven elements, which are fed with 450-ohm open-wire 
transmission line. Front view is shown in sketch A; side view in B. 


Spider template. A template was used to bend the 
cut sections of tubing to the required angle consist¬ 
ent with the spacing used. The angle can be between 
108 and 112 degrees. The template was made of stiff 
cardboard, which was cut as shown in fig. 3. 



fig. 3. Template used for forming spreader-to-spider angles. 


When tube bending has been completed, the spid¬ 
er should look as shown in the photo. The photo also 
shows how the spreaders are attached to the spider 
with stainless-steel 7.5-cm (3-inch) hose clamps. 

To strengthen the spider, four pieces of 12.5-mm 


(1/2-inch) conduit was welded between each bent 
arm, so that the 108-degree angle, or whichever 
angle you choose, is maintained. See fig. 4. The 
drawing is simplified for clarity. 

The spider can either be used as is, with only the 
addition of a mast-to-spider plate, or you can do as I 
did and weld a 0.9-meter (3-foot), 51-mm (2-inch) 
diameter pipe onto the spider, as shown in fig, 5. 
The mast is welded to the spider, depending on the 
shape quad desired. 

Spreaders. Spreaders can be made from any of the 
conventional materials. In the tropics bamboo is the 
most available and is gratis; however, fiberglass, alu¬ 
minum, or wood can also be used. This, of course, 
will depend upon where you live and what materials 
are most available. I had a few lengths of aluminum, 
so these were used. However, to prevent the spread¬ 
ers from resonating, the horizontal spreaders on the 
driver and reflector elements were broken with insu¬ 
lators. For years I used wood, and at least one 
commercial company uses Bakelite. I decided to use 
rubber from old car tires cut into small strips and lam¬ 
inated together with contact cement. Incidentally, 
the same idea can be used to make standoff insulat¬ 
ors or center insulators. Eight insulators were also 


fig. 2. Method of cutting the gal¬ 
vanized tubing used for the spider. 
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fig. 4. Galvanized conduit, 12.5 mm (1/2 inch) in diameter, is 
welded between spreader attachments for structural 
strength. 

made to put into the end of the aluminum tubing 
(fig. 6). This practice proved to be well worth the 
time spent in making them, as the flexible rubber 
moves with the wind and precludes broken elements 
on the quad. The three holes spaced 51 mm (2 
inches) apart are for the driven-element spreaders 
only (fig. 6). 

The per-side dimensions I used for the quad were: 

three driven elements 5.3 meters (17.3 feet) 

reflector 1 5.4 meters (17.8feet) 

reflector 2 5.6 meters (18.3 feet) 

The three driven elements (fig. 7) were made up and 
passed through the holes in the end of the spreader 
insulator. The middle wire was open at the top and 



fig. 6. An old auto tire, which moves with the wind and elim¬ 
inates broken elements, can be used for insulation material. 
Small strips of tire rubber were cut and laminated together 
with contact cement. 


one of my car-tire insulators inserted. This was also 
done on the number-one reflector only. The feed- 
point was connected with 450-ohm open-wire trans¬ 
mission line to a universal transmatch, thence to a 
standing-wave-ratio meter, thence to the trans¬ 
mitter. 

performance 

The quad was mounted on a 12-meter-high (40- 
foot) mast and vswr checks were made. Having sat¬ 
isfied myself that all systems were go, I tuned up to 
20 meters, pointed the antenna toward Europe and 
called CQ DX. ( called only once, and all Europe 
seemed to call me! The first callsign I picked out was 
my longtime radio friend Paul^SM7CMC, who gave 
me a 5-9 + 20 report, and stnce it has been ever thus. 
That night I pointed the beam toward Australia and 



fig. 5. Method of welding spider-to-mast section to obtain a 
square or diamond-shaped quad. 


the same thing happened. It seemed that all the Pa¬ 
cific stations were lining up to say what a great signal 
I had, including ZL and VK, but also P26, DU, F08, 
and others. At this time I ran tests with some of these 
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stations. From their observations the following an¬ 
tenna performance figures were deducted: 


Gain 

Front- to-side ratio 
From-to-back ratio 


20 meters 
S.5 9dB 
40 - 45 dB 
30 - 35 dB 


15 meters 
9.5-10 dB 
35-40 dB 
25-30 dB 


10 meters 
10.5 -12 dB 
40 dB 
25 dB 


The next morning at about 4:30 AM I crawled into 
bed, tired but contented, and next day I tried the 
beam first on 15 then on 10 meters. Needless to say, 
the results were even better than those received on 
20 meters. 

Since that time, whenever I get on the air on any 
of these bands, there's a pileup. So many amateurs 
have asked about my antenna system that I decided 
to write about it, and this is the story. 



fig. 7. View looking down on the quad elements. Three 
driven elements are used; the center element is separated 
with an insulator to which a 450-ohm open-wire transmis¬ 
sion line is connected. Reflector 1 is 3 per cent longer than 
the driven elements; reflector 2 is 6 per cent longer than the 
driven elements. 


closing comments 

I'd like to thank the many amateur radio operators 
around the world who have helped in testing this an¬ 
tenna. It's my hope that any amateur who decides to 
build this antenna will have as much pleasure with it 
as I've had. 
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Specifications; 
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fm demodulator 
using the 

phase-locked loop 


Another application 
of the PLL 
for fm circuits, 
including design notes 
and theory of operation 

The phase-locked loop has been around for some 
time and has many applications including frequency 
synthesis, clock synchronization, and a-m detection. 
1C technology has made the design of PLLs available 
at low cost and in small packages. This article pro¬ 
vides some nonmathematical background on PLL 
theory and describes its application as an fm demod¬ 
ulator. 

operation 

A PLL is a loop circuit with feedback. It may be 
viewed as an electronic servo with the ability to lock 
onto and track a reference signal. The lock-and-track 
process is accomplished through phase-comparing 
circuits. However, because frequency is the rate of 
change of phase with respect to time (Aa> = d8/dt), 
the PLL lock-and-track mechanism is meaningful in 
terms of frequency. 

Basic PLL operation is as follows (fig. 1). The volt¬ 
age-controlled oscillator (vco) output frequency 
depends on dc-voltage value from the phase detector 
and loop filter. As long as the phase difference 
between vco output and the reference signal is con¬ 


stant, the vco control voltage will be constant and its 
output frequency won't change. However, when the 
phase difference between vco output and reference 
signal begins to change (as would happen as the vco 
output frequency changes), the phase detector and 
loop filter provide a dc error voltage, which shifts the 
vco frequency to re-establish the original phase rela¬ 
tionships. In this manner the vco output frequency is 
maintained at the value of the reference frequency. 
This is the lock condition of the PLL. 

Even during lock a finite phase difference exists 
between output frequency and reference frequency 
because each PLL has a characteristic free-running 
frequency. That is, with no reference voltage applied 
to the PLL, some quiescent output frequency exists 
at which it rests. Hence, with a reference signal. 



REFERENCE 

SIGNAL 


fig. 1. Block diagram illustrating PLL operation. A phase 
detector, filter, and voltage-controlled oscillator (vco) form 
an electronic servo in which vco output frequency and ref¬ 
erence frequency are constant. 

some phase difference between vco output and the 
reference signal must be present to provide an error 
voltage that will shift the vco output from is free-run¬ 
ning value to the reference value. Often, terminals on 
the 1C package are included for an external capacitor, 
which can be used to trim the free-running frequency 

By Tim Daneliuk, KL7IPS, Room 0-408A, 820 
North LaSalle Street, Chicago, Illinois 60610 
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fig. 2, Example of a PLL with a phase detector used as a mix¬ 
er so that f m ±f vcn applied to a lowpass filter results in an out¬ 
put with a dc component that drives the vco so that loop 
lock is established. 

as close as possible to the reference frequency. This 
action reduces pull-in time — i.e., the total time re¬ 
quired for the PLL to establish the locked condition. 

a different perspective 

Fig. 2 shows the phase detector as a mixer whose 
output is f tn ±f vco . At \ock,f vco is such that the differ¬ 
ence between the two frequencies is zero. The low- 
pass filter {LPF) attenuates the sum frequency and 
passes the difference frequency. Hence, at lock, the 
LPF output is a dc voltage (since the difference fre¬ 
quency is zero at lock). From this point of view it's 
seen that, if the PLL is not in lock but the difference 
frequency is within the LPF passband the filter out¬ 
put will not be dc but will be an ac beat frequency. 
This ac voltage is applied to the vco control terminal 
and, in effect, frequency modulates the vco output 
frequency. During the tim ef vco is modulated so that 
it's closer to f in , the error between the two signals 
decreases and the resulting beat frequency at the 
LPF output is lower. Thus the amplitude at the filter 
output is greater because, in a lowpass filter, less at¬ 
tenuation occurs for increasingly lower frequencies 
(fig. 3). 

This entire process results in a filter output that is 
sinusoidal but decreases in frequency as a function 



fig. 3. Amplitude as a function of 
frequency in a lowpass filter. 


of time while increasing in amplitude (fig. 4). This 
waveform has a net dc component that drives the 
vco frequency to establish lock in the loop, which in 
turn results in a continuous dc output level from the 
filter. If the pull-in time is shorter than the period of 
the beat note appearing at the LPF output, the loop 
can lock without this oscillating error transient. 

capture and lock range 

It's important to understand the terms capture and 
lock and their mutual relationship. Consider the situ¬ 
ation where the loop is not locked and the difference 
frequency is outside the LPF bandpass. The vco re¬ 
mains at its initial free-running frequency, and no real 
change occurs in the loop. However, as the differ¬ 
ence frequency becomes smaller (as f m approaches 
fvco )/ a point is reached where an error voltage is 
passed by the LPF to the vco control terminal, which 
in turn shifts f vco so that the difference frequency is 
even lower. This is a positive feedback mechanism, 
which causes the loop to become locked. 



fig. 4. Lowpass-filter output response with time. The signal 
is sinusoidal but decreases in frequency while increasing in 
amplitude. 

The capture range, then, is "the frequency range 
centered about the vco initial free-running frequency 
over which the loop can acquire lock with the input 
signal." 1 It is determined primarily by the LPF band 
edge and the system closed-loop gain. This action is 
contrasted with the loop lock range, which is "the 
frequency range usually centered about the vco ini¬ 
tial free-running frequency over which the loop can 
track the input signal once lock has been achieved." 1 

The limiting factor of the lock range is the maxi¬ 
mum amount of error voltage available and the corre¬ 
sponding maximum frequency swing the vco can 
produce. Because, in lock, the error voltage is a dc 
voltage, the lock range is not a function of the LPF 
bandpass characteristics. Note that the capture 
range is never greater than the lock range and is, in 
fact, often less. That is, a PLL may be able to track a 
signal and maintain lock over a greater frequen¬ 
cy range than over which it was initially able to 
acquire lock. 
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table 1. Characteristics of several PLL ICs used for fm 
detection. 



distortion 

upper frequency 

device 

{per cent) 

IMHz) 

NE 560 

0.3 

30.0 

NE 562 

0.5 

30.0 

NE 565 

0.2 

0.5 

NE 567 

5.0 

0.5 


fm detection using the PLL 

The basic circuit of a PLL fm detector is shown in 
fig. 5. Here, instead of a constant reference frequen¬ 
cy, a frequency modulated signal is applied to the 
phase detector. The PLL is locked to the fm carrier 
frequency. With no modulation no frequency devia¬ 
tion occurs and the LPF output is a constant dc volt¬ 
age. However, as soon as the wave is modulated and 
frequency deviation occurs, an error voltage appears 
at the LPF output which is proportional to the fre¬ 
quency deviation. The circuit demodulates the in¬ 
coming fm signal. It's essential that the filter have a 
bandpass characteristic that doesn't attenuate the 
highest expected modulating frequency — i.e., for a 
high-fidelity system, a bandpass all the way to 20 kHz 
would be desirable. 

linearity 

Another important consideration (particularly in 
high-fidelity systems) in the design of PLL fm detec¬ 
tors is linearity. The loop must detect the signal with¬ 
out introducing excessive distortion. Also, the PLL 
must operate at a frequency equal to the carrier fre¬ 
quency plus the maximum positive frequency devia¬ 
tion encountered. With modern devices this is usual¬ 
ly not a great problem, since detection occurs after 
mixing and i-f amplification. For example, common 
i-fs are 455 kHz and 10.7 MHz. Table 1 shows the 
distortion and upper frequency limits of several com¬ 
mon PLLs used in fm detectors. 

response in noise 

One of the side benefits of this system of fm 
demodulation is its ability to detect signals in noise. 
Since the error voltage is filtered, the control voltage 
to the vco is "devoid of phase deviations produced 
by noise." 2 The main requirement is that the incom¬ 


ing signal be strong enough to activate the phase 
detector. This is not, perhaps, overly critical in the fm 
broadcast situation, where the receiver is in an area 
of fairly high signal strength (since fm broadcast is 
intended primarily for local coverage). However, 
incoming signal amplitude becomes exceedingly 
important, for example, in high-frequency RTTY 
FSK demodulation. Here, the incoming signal is 
often plagued by atmospheric noise and other distur¬ 
bances. Unless the demodulated signal is an exact 
reproduction of the transmitted signal, the resulting 
printout will be gibberish. A similar application would 
be in the vhf fm telemetry systems. 

conclusion 

Since the introduction of the initial 1C PLL, tech¬ 
nology has produced complete fm stereo demodula¬ 
tors available on one 1C. Fig. 6 shows one of these 



top view 


fig. 6. Typical fm detector using an 1C chip from National 
Semiconductor. Additional data is available from their 
Linear Applications Handbook, Vol. II. 

circuits. It's from National Semiconductor's Linear 
Applications Handbook VoL II. This approach 
decreases parts count and improves reliability. It's 
safe to assume that this approach will be the industry 
trend in the future for such applications. 
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fig. S. Fm detector using the PLL principle. 
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calibrating 

meter 

amplifiers 


Meter amplifiers 
help provide 
increased sensitivity 
for high-current meters, 
but not without 
the need for 
a final 

accurate calibration 


Meter-amplifier circuits have been around for sev¬ 
eral years, generally using conventional transistors, 
field-effect transistors, or operational amplifiers. If 
you want increased meter sensitivity in a wavemeter 
or grid dip meter configuration, then calibration may 
not be of much concern. In these cases you're more 
apt to want sensitivity (in the microampere range) to 
detect small radio-frequency currents. 

When using meter amplifiers for absolute read¬ 
ings, however, several questions arise. How much 
amplification is expected, and in conjunction with 
what meter? What will be the final calibration of the 
new meter? 

The data presented in tables 1, 2, and 3 should 
provide an indication of what to expect from a meter 
amplifier, as it relates to current measurements. 

The circuit used is shown in fig. 1. It is a common- 
source configuration using an MPF102 field-effect 
transistor. 1 For testing purposes, I constructed the 
circuit in a mini-box, with six insulated binding-posts 
for the input, output, and 9-volt supply to the circuit. 
The amplifier was mounted on a small printed-circuit 



fig. 1. Schematic diagram of the simple meter amplifier. The 
pot connected to the fet's source is used to zero the meter 
to be calibrated. 

board. The Ik pot was mounted in the center of the 
front panel. Fig. 2 shows a block diagram of the 
interconnections used to calibrate the meters. 

As can be seen from table 1, you should expect a 
seven- to eight-time increase in the readings of a 



fig. 2. Test set-up for calibrating a meter movement. Using 
this system, the final calibration and accuracy will be deter¬ 
mined by the current monitor. 


By Howard J. Stark, W40HT, 9231 Caribbean 
Boulevard, Miami, Florida 33189 
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table 1. Calibration fora COMCO 50j*A mater. 


Simpson 260 

meter readings pA 

reduced to 
unity /xA 

1 pA 

7,0 

7.0 

2/iA 

14.0 

7.0 

3 pA 

24.0 

8.0 

4/iA 

33.5 

8.37 

5 jxA 

44.0 

8.8 


50/tA meter. The popular 1 mA meter is more likely to 
be used with an amplifier to raise its sensitivity. Not 
having a 1 mA meter available, I calibrated two iden¬ 
tical 1.5 mA meters made by Marion Electric Com¬ 
pany. Table 2 shows the results of the calibration. 

table 2. Calibration readings for the Marion Electric 0-1.5mA 
meters. 


meter 1 




divisions 

fiA per 


meter 

on 

scale 

Simpson 260 

reading 

scale 

division 

10 ^A 

48 

8 

1.25 

20 fiA 

90 

19 

1.05 

30 fiA 

128 

28 

1.07 


meter 2 

divisions 

fiA per 


meter 

on 

scale 

Simpson 260 

reading 

scale 

division 

10 fiA 

43.0 

8.5 

1.17 

20 fiA 

93.0 

18.5 

1,08 

30fiA 

135.5 

27,0 

1.11 


The significant points to note are that 30 fiA pro¬ 
duced near full-scale deflection on the meters and 
that each division was slightly more than 1/xA. As a 
final step, I checked Simpson 500 /xA meter (see 
table 3). 

table3. Simpson 0 to 500 /tA meters calibration. 



meter 

divisions 

fiA per 


readings 

on 

scale 

Simpson 260 

0-500 fiA 

scale 

division 

5 fiA 

127 

17 

.29 

10 fiA 

325 

35 

.28 

14 fiA 

500 

50 

.28 


If the meter amplifier is to become a permanent 
part of the metering system, some relabeling of the 
face will be required to reflect the increased sensitivi¬ 
ty. When using an amplifier with other meters, the 
basic resistance of the meter will effect the final sen¬ 
sitivity and calibration. 
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the weekender 



1-GHz prescaler 
for frequency counters 

Amateurs fall Into many categories — operators, 
experimenters, contesters, and so on. In addition, 
they may be full- or part-time mobile radio service or 
television technicians. These technicians, as well as 
the experimenters, often find themselves unable to 
measure frequencies in the low uhf region, especially 
between 500 and 1300 MHz. 

While the 1-GHz prescaler described in this article 
will not quite reach 1300 MHz, it can be of consider¬ 
able use in the range just above the limits of many of 
the inexpensive frequency prescalers available com¬ 
mercially. Although the Fairchild 11C05 used in this 
prescaler is guaranteed only to 1000 MHz, two that I 
have used have functioned well above 1200 MHz 
but couldn't make it to 1300. 

in addition to possible application in the new 900- 
MHz mobile band, the prescaler may help you if you 
have to repair your TV set. The FCC's requirement 
for positive-detent tuning of the uhf TV channels 
has resulted in a proliferation of exotic front-end 
circuits. The use of digitally tuned oscillators and 
frequency synthesizers no longer permits us to check 
oscillator output by means of an electronic volt¬ 
meter. This will indicate only that the circuit is 
oscillating — but at what frequency? One of the solu¬ 
tions to this problem is this 1-GHz frequency pre¬ 
scaler, which can be used with virtually any counter 
and costs but a fraction of the price of a complete 
counter capable of operating at that frequency. 

The prescaler will accept a signal between 25 and 
1000 MHz, probably as high as 1200 MHz, and scale 
(divide) its frequency by either 10 or 100, depending 
on the position of a front-panel SCALE switch. Thus 
the frequency to be measured can be converted to 
one within the range of the counter which is con¬ 
nected to the prescaler. The accuracy of the meas- 

By Robert S. Stein, W6NBI, 1849 Middle 
ton Avenue, Los Altos, California 94022 


urement remains a function of the counter's accu¬ 
racy multiplied by the scale factor. 

If the prescaler is used with a 30-MHz counter, for 
example, frequencies between 30 and 300 MHz can 
be read on the counter by scaling by 10, which will 
result in read-outs between 3 and 30 MHz. Frequen¬ 
cies above 300 MHz can be scaled by 100, so that a 
1-GHz signal can be read as 10 MHz on the counter. 
Obviously, it is necessary to multiply the counter 
reading by the scale factor to determine the input 
frequency, but multiplying by 10 or 100 should not 
tax anyone's mathematical prowess. 

circuit operation 

A block diagram of the prescaler is shown in fig. 1, 
and the overall schematic appears in fig. 2. U1 is an 
Amperex ATF417 broadband hybrid amplifier de¬ 
signed to operate from 40 to 860 MHz, and is usable 
from below 25 MHz to over 1200 MHz. Because the 
amplifier has a nominal input impedance of 75 ohms, 
a minimum-loss pad consisting of resistors R1 and R2 
is incorporated to convert the prescaler input to 50 
ohms. R2 also affords overload protection in con¬ 
junction with hot-carrier diodes CR1 and CR2. As 
shown in fig. 3, the input vswr (referenced to 50 
ohms) is less than 1.5:1 below 1 GHz, and is less than 
2:1 at 1.2 GHz. The sensitivity of the overall pre¬ 
scaler also appears in fig. 3. 

The amplified signal is applied to U2, a Fairchild 
11C05* divide-by-four circuit. The output of U2 feeds 
U3, a Fairchild 95H91 divide-by-five/six which is 



fig. 1. Block diagram of the 1-GHz prescaler. 


arranged to divide by five. Thus, the input frequency 
has been divided by twenty at the output of U3. To 
scale by 100, the frequency is again divided by five, 
this time in the quinary section of U5, a 10138 bi¬ 
quinary counter whose output is connected to the 
100 position of SCALE switch S2. Gate U4B buffers 
the output of U3 from the loading effect of U5. 

Since the input frequency has been divided by 
twenty in U2 and U3, it is necessary to multiply it by 

*Tbe Plessey SP8610 is a recently announced pin-for-pin replacement for 
the Fairchild 11 COB. 
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two to obtain a scale factor of 10. This is accomplish¬ 
ed in U4A, one section of a 10113 quad exclusive-OR 
gate. Frequency doubling is achieved by taking ad¬ 
vantage of the finite rise and fall transition times of 


the complementary outputs of U3, as well as the 
slight difference in the propagation delays from in¬ 
put to each output. Because an exclusive-OR gate 
produces an output only when one, but not both, of 



Cl 

0.001 ^F, 50 V ceramic capacitor (Erie 8121-100- 
W5RO-102K, Centralab CY15C102M) 

J2 

C2, C4 

0.1 /iF, 50 V ceramic capacitor (Erie 8131-100-651- 

J3 


104M, Centralab CY20C104P) 

P2 

C3 

0.01 ^tF, 50 V ceramic capacitor {Erie 8121 -050-651- 


CS, C6, Cl2, 

103M, Centralab CY15C103P) 

R15 

C13, C15, C17 0.01 ^F, 50 V disc ceramic capacitor 

SI 

C7, C8 

0.001 ^F, 1000 V disc ceramic capacitor 

S2 

C9 

1000 /xF, 16 V electrolytic capacitor 

T1 

CIO 

4.7 ^F, 10 V tantalum capacitor 

U1 

C11 

470 fiF, 35 V electrolytic capacitor 

U2 

C14 

0.05 /xF, 50 V disc ceramic capacitor 

U3 

C16 

1 pF. 50 V disc or tubular ceramic capacitor 

U4 

CR1, CR2, 


U5 

CR6, CR7 

hot-carrier diode {Hewlett-Packard 5082-2835) 

U6 

DS1 

117 V pilot light assembly {Radio Shack 272-328) 

U7 

J1 

Amphenol 86350 or Kings KC 19 54 BNC 



connector 

U8 


Amphenol 27 800 or Sealectro 50-051-0000 
miniature coax connector 
UG-1094/U BNC connector 
UG-1465/U miniature coax connector (Amphenol 
27-106, Sealectro 50-007-0000) 

Ik trimmer potentiometer (CTS X-201-R102B, 
Radio Shack 271-227) 

SPST slide switch 

SPOT slide switch 

Triad F-91X transformer 

Amperex ATF417 amplifier 

Fairchild 11C05 divide-by-4 {or Plessey SP8610) 

Fairchild 95H91 divide-by-5/6 

10113 quad exclusive-OR gate 

10138 bi-quinary counter 

7905 negative 5-volt regulator, TO-220 case 

78L24 or National LM340L-24 positive 24-volt 

regulator, TO-92 case 

741C op amp, 8 pin mini-DIP case 


fig. 2. Prescaler schematic diagram. All fixed resistors are 1/4 watt, 5% composition or carbon film. 
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FREQUENCY MHi 


fig. 3. Prescaler sensitivity and vswr, plotted against fre¬ 
quency. Test equipment limitations precluded vswr meas¬ 
urements below 400 MH*. 


its inputs is high, there is a very short period of time 
during the input transitions when both inputs are 
high or low, resulting in the output of the gate going 
low for this brief time. This is shown in fig- 4, as is 
the fact that two output pulses are generated for 
each cycle of the input frequency. 

The extremely short time period during which the 
output pulses are developed prevents them from 
reaching full ECL-output level. Therefore, they are 
amplified by Q1 to a peak voltage level of at least 
300 millivolts before being routed to the 10 position 
of switch S2. When S2 is set to the 10 position, the 
25- to 1000-MHz input range is scaled to 2.5 to 100 
MHz. When S2 is set to 100, the same input fre¬ 
quency range is scaled to 0.25 to 10 MHz. 

As with all logic devices, U2 has a minimum input 
level below which it will not clock. However, at fre¬ 
quencies below 50 MHz, it may also divide by two or 
three just below this critical input voltage. To prevent 
this from appearing as a false reading on the counter, 
a threshold detector comprising CR6 and U8 is in¬ 
corporated, which inhibits the output of U3 when¬ 
ever the input voltage to the prescaler is below a 
predetermined level. 

The output of amplifier U1 is sampled and rec¬ 
tified by diode CR6. The resultant dc is filtered and 
applied to the inverting input of U8, a 741C op amp 
configured as a dc comparator. The non-inverting in¬ 
put is connected to a voltage divider (R15 and R16) 


across the negative 5-volt supply; R15 establishes 
the reference voltage for the comparator. If the pre¬ 
scaler input level is insufficient for proper operation 
of U2, the voltage applied to the inverting input of U8 
will be less than the reference voltage at the non¬ 
inverting input. This will cause the output of the op 
amp to go high, activating the master reset (pin 14) 
of U3 and inhibiting its output. As soon as the input 
signal reaches the required threshold, the op amp 
input conditions reverse, and the resultant low out¬ 
put enables U3. 

construction 

Except for power transformer T1, the primary 
power circuit, the INPUT and OUTPUT connectors, 
and the SCALE selection switch, the entire presca/er 
is built on a printed-circuit board measuring 8.9 x 
7.9 cm (3-1/2 x 3-1/8 inches).* The board is two- 
sided; one side contains the printed-wiring traces, 
while the opposite side, on which the various com¬ 
ponents are mounted, provides a ground plane. I 
chose to mount the board vertically, parallel to the 
front of the cabinet, with the component side of the 
board facing the front. Two small right-angle brack¬ 
ets were used for mounting feet, as shown in the 
parts layout, fig. 5. 

The first step in assembling the board is to mount 
connector J2. A complete bead of solder must be 
made to the ground plane around the entire peri¬ 
phery of the connector. Next, capacitor Cl must be 
soldered between the center pin of J2 and the adja¬ 
cent trace, as shown in fig. 6. This arrangement is 
necessary to keep the lead inductance of Cl to an 
absolute minimum. The capacitor leads must be 
carefully bent and trimmed as shown. Then the 
shorter lead is soldered to the trace so that none of 
the wire is visible, and the longer lead is wrapped 
around the center pin of J2 and similarly covered 
with solder. 

To keep the cost of the printed-circuit board 



fig. 4. Waveforms showing operation of the exclusive-OR 
frequency doubler. 


# lf there is sufficient interest, the author will supply PC boards a! nominal 
cost. Please enclose a SASE with all inquiries. 
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down, plated-through holes were not used. Instead, 
ground connectors are made by soldering the appli¬ 
cable component leads directly to the ground plane. 

Before installing regulator U6 on the board, attach 
a TO-220 type heatsink to the tab of the regulator. 
Use a thin layer of silicone heat-transfer compound 
between the heatsink and the tab. The heatsink must 
not be grounded to the board, since the tab is inter¬ 
nally connected to the input terminal of the device. 



Be sure that the polarities of the electrolytic capac¬ 
itors and diodes are correct, and that none of the in¬ 
tegrated circuits are reversed. After completing the 
board assembly, examine it carefully for solder 
bridges between traces or for any other foreign mat¬ 
ter that might cause a short circuit. 

Next, fabricate the input cable assembly which 
runs between the board and the front panel. Using a 
7.6-cm (3-inch) length of RG-174/U coaxial cable, 
terminate one end with INPUT connector J1 and 
the other end with connector P2. Instructions for 
assembling the connectors to the cable appear in 
figs. 7 and 8. 

A recommended arrangement of the overall pre¬ 
scaler is shown in fig. 9. OUTPUT connector J3, 
POWER switch SI, SCALE switch S2, pilot light DS1, 
and the input cable assembly (terminated by INPUT 
connector J1) are mounted on the front panel. 
Transformer T1 is mounted directly behind the 
printed-circuit board, and capacitors C7 and C8 are 
wired to a terminal strip located near the transformer. 

Before mounting the circuit board in the cabinet, 
solder a short length of insulated wire to each of the 
output pads, designated 10 and 100 , on the board. 
Then solder the secondary leads from transformer T1 
to the pads marked G, /?, Y, and BL on the board, 
matching the wire colors to the appropriate pad. 
Mount the board in the cabinet and connect the 
wires from the output pads to the corresponding 
terminals of SCALE switch S2. Finally, connect the 
input cable assembly between the front panel and J2 
on the board. 

operating considerations 

It would appear obvious that after the prescaler 
has been wired and checked, all that remains is to 
connect it to the counter and plug it in. Maybe — 
and maybe not! Unfortunately no prescaler is all 
things to all counters. This one produces outputs of 
two types: the scaled-by-10 output is a train of very 
short, fast positive pulses having a peak-to-peak 
amplitude of 300 to 400 millivolts; the scaled-by-100 
output is a square wave of approximately 800 milli¬ 
volts peak-to-peak amplitude. Both are supplied 
from low-impedance sources. 

Without going into a detailed explanation of tran¬ 
sient response and reflections from improperly ter¬ 
minated transmission lines, it can be stated that what 
appears at the counter end of a coaxial cable con¬ 
nected to the prescaler output depends on the char¬ 
acteristic impedance of the cable, the length of the 
cable, the input impedance of the counter, and the 
frequency and waveform of the prescaler output 
signal. Since only the last of these factors is estab¬ 
lished (and varies over the prescaler's range), there 
may be considerable differences as to how the pre- 
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fig, 6. Method of installing capacitor Cl on PC board. 


scaler will perform in conjunction with different 
counters and different cable lengths. 

Now for the good news. Although you cannot 
tell how the prescaler will perform with your counter 
until you try it, there is a simple remedy if it does not 
appear to work properly. And that is merely to ter¬ 
minate the connecting cable in its characteristic im¬ 
pedance. Assuming that the connecting cable is 

50- ohm coax (RG-58/U or equivalent), you need 
only to terminate it with a 50-ohm load at the counter 
end. If the counter already has a 50-ohm input im¬ 
pedance, the cable will automatically be properly 
terminated. However, most low- and medium-fre¬ 
quency counters have a high input impedance. 
Therefore an external termination may be required. 

The simplest way of terminating the cable is to 
use a 50-ohm feedthrough termination, such as the 
Heath SU-511-50, Tektronix 011-0049-01, Hewlett- 
Packard 10100C, or Systron-Donner 454. An alter¬ 
nate method is to use a tee-connector at the counter 
input, with the connecting cable on one side of the 
tee and a 50-ohm termination on the other side. Or 
if you are ingenious, you can fabricate a cable with a 

51- ohm composition resistor shunted across the 
counter end. 

Another factor which enters into the picture is the 
characteristic behavior of the counter's input signal 
processor. All counters must convert the input signal 
to an appropriate logic level over the specified fre¬ 
quency range of the counter. Of the infinite variety 
of signals that can be applied to a counter, a sym¬ 
metrical waveform is the easiest to process. Thus, 
your counter may exceed its specified maximum fre¬ 
quency when measuring the sine-wave output from 
a signal generator, but may not perform as well when 


counting an asymmetrical pulse train. Therefore, 
even if the counter's frequency range appears to be 
better than the published specifications, do not ex¬ 
pect it to be so on the scaled-by-10 output from the 
prescaler. 

As an example, on two different 80-MHz counters 
(one home-built, the other a Hewlett-Packard Model 
5381 A), the upper frequency limit when checked 
using a signal generator was well over 120 MHz for 
each. However, the maximum scaled-by-10 count 
from the prescaler which could be measured was 
between 80 and 90 MHz, corresponding to a pre¬ 
scaler input between 800 and 900 MHz. Of course, 
switching to the scaled-by-100 output permitted 
measurements to the limit of the prescaler. On the 
other hand, a counter specified to perform at 120 
MHz should permit use of the scaled-by-10 output 
over the entire frequency range of the prescaler, as 
did a 500-MHz counter used to verify the prescaler 
output. 

threshold-level adjustment 

Before initially operating the prescaler, fully rotate 
the thumbwheel of potentiometer R15 toward the 
top of the board. This effectively disables the thresh- 
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NUT WASHER GASKET CLAMP CONTACT 



9/32" 
(71 mm) 


JACK BODY 

Cut jacket to 9/32 inch 
(7.1 mm). 


-4 U *3* 

1 r (7.4 mm) 


Fray shield and strip inner di¬ 
electric 3/32 inch (2.4 mm). 
Tin center conductor. 

Taper braid and slide nut, 
washer, gasket, and clamp 
over braid. Clamp is inserted 
to that its inner shoulder fits 
, squarely against end of cable 
jacket. 

With clamp in place, comb 
out braid, fold back smooth 
as shown and trim 3/32 inch 
(2.4 mm) from end. 

Slip contact in place, butt 
against dielectric and solder. 
Remove excess solder from 
outside of contact. Be sure 
cable dielectric is not heated 
excessively and swollen so as 
to prevent dielectric from en¬ 
tering into connector body. 
Push assembly into body as far as it will go. Slide nut into body 
and screw in place with wrench until tight. For this operation, hold 
cable and shell rigid and rotate nut. 




fig. 7. Assembling connector J1 to input cable (courtesy 
Amphenol). 
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old detector and will permit a check of the prescaler 
in conjunction with the counter. Apply signals of 
known frequencies to the prescaler INPUT connector 
(noting the approximate minimum levels required, 
as shown in fig. 3) and check the counter readings 
in both the 10 and 100 positions of the SCALE switch. 
Caution: Although U1 will withstand a 10-volt 
peak-to-peak input without damage, it is recom¬ 
mended that inputs to the prescaler be limited to 1 
volt peak-to-peak (approximately 350 millivolts rms, 
or 2.5 milliwatts across 50 ohms) to prevent clipping 
by diodes CR1 and CR2. 

To adjust the threshold level, apply a 25- to 30- 
MHz input to the prescaler using a signal generator 
or any other signal source whose output level can 
be controlled. Feed enough signal to the prescaler to 
obtain a properly scaled reading on the counter, 
then slowly reduce the signal level until that reading 
is lost; as the signal level is reduced, readings of 
two, three, or four times the correct scaled reading 
will appear. Bring the input-signal level back up to 
the point where the last false reading is obtained, 
just before the correct reading appears, and adjust 
potentiometer R15 carefully to make the counter 

® * a 

NUT CABLE WASH Eft BEAR FEMALE PLUG BODY 

CLAMP INSULATOR OR CONTACT SUB-ASSEMBLY 

ASSEMBLY INSULATOR 

ASSEMBLY 

_ Cut end of cable even. Trim 

>- — ~ ‘—** jacket to 3/16 inch (4.8 mm). 

^ ' ( 3/16 Inch> Be careful not to nick braid. 

Slide nut over jacket Place 
cable clamp assembly over 
braid and push back against 
cable jacket as shown. 

Comb out braid and fold 
evenly over cable clamp as¬ 
sembly and trim braid wires 
as shown, avoiding bunching. 
Cut cable dielectric to .046 
inch {1.2 mm). Cut must be 
sharp and square. Do not 
nick center conductor. Di¬ 
mension of bared center con¬ 
ductor should be as shown; 
trim if necessary. Tin center 
conductor and remove ex¬ 
cess solder. 

Place washer over core. 

Slide rear insulator or insula¬ 
tor washer over center con¬ 
ductor. 

Make sure rear insulator or insulator washer butts flush against 
washer and cable core. Solder contact to center conductor — 
contact must butt against rear insulator as shown. Do not get any 
solder on outside surfaces of contact. 

Insert prepared cable termination into connector body. Secure by 
wrench-tightening body while holding nut stationary. 

fig. 8. Assembling connector P2 to input cable (courtesy 
Amphenol). 




fig. 9. Suggested layout for complete prescaler. Wiring to 
and from the PC board is shown in fig. 5. 


read zero. Then increase the signal level slightly to 
be certain that a true reading can be obtained. This 
is a critical adjustment, in that it establishes the 
sensitivity of the prescaler from 25 to 900 MHz. If the 
potentiometer is set past the position which just 
eliminates the false counts, the prescaler sensitivity 
will be reduced. 

If you have no need to use the prescaler below 50 
MHz or so, the overall sensitivity of the prescaler 
can be improved below 900 MHz by simply keeping 
the arm of R15 rotated fully toward the top of the 
board, thereby disabling the threshold detector. For 
those who desire maximum sensitivity above 900 
MHz, a slight improvement will result from omitting 
Cl6 and R12 (in which case all other parts associated 
with U8 can also be eliminated). 

ham radio 
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digital keyboard entry system 


By sampling the signals 
from an inexpensive 
pocket calculator, 
you can build 
a complete 
data entry system 


While working on a recent synthesizer project, it 
became apparent that the conventional methods 
used to enter the frequency control information, 
such as thumbwheel or rotary switches, are generally 
cumbersome. Keyboard entry has become popular 
with the widespread use of Touch-Tone* phones and 
hand-held calculators — so, it seemed to be a natural 
choice for a new design. This same choice has been 
made by a few manufacturers of digitally controlled 
signal generators and vhf/uhf scanning receivers. 
The advantage of a keyboard entry device is that, 
while providing a means of frequency control (as in 
our case), other digital information can be entered. If 
plans for the system change, new functions can be 

# Touch-Tone is a registerod trademark of the American Telephone and 
Telegraph Company. 



The complete data entry system, with the exception of the 
74175 latches. 


added by assigning a code to that particular function 
and inputting the code via the keyboard. In our key¬ 
board-synthesizer system, we have incorporated the 
ability to step the frequency up or down by a fixed in¬ 
crement at the touch of a switch. 

After giving the keyboard-system problem some 
thought, the solution became a standard four-func¬ 
tion calculator with a programmable automatic con¬ 
stant capability. At this point it should be stressed 
that our application was a frequency synthesizer, but 
any system that requires digital information in binary 
coded decimal (BCD) format could use the ideas 
presented in this article. 

theory of operation 

There are several problems when trying to build a 
keyboard encoder. First, the information from the 


IfMTAi SWITCH 


HtAL SWITCH 
WITH OOUHCT 


fig. 1. Waveforms generated by the ideal switch and a real 
switch which exhibits bounce. 


keyboard is presented in 1-out-of-10 format; that is, 
you must encode the operation of 1 -of-10 switches. 
Second, the keys will be presented in some se¬ 
quence, and you must store the information as each 
new key is pressed. Finally, there is the problem of 
key bounce. As you actuate or de-actuate a key, the 
contacts of the switch bounce, giving a fairly noisy 
signal as illustrated in fig. 1. 

A four-function calculator, of course, uses a key- 

By Bruce McNair, N2YK, and Glenn 
Williman, N2GW. Mr. McNair's address is 12 
Marion Avenue, Howell, New Jersey 07731; Mr. 
Williman's address is 145 Whalepond Road, Oak- 
hurst, New Jersey 07755. 
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fig. 2. Level translators used to transform the signal volt¬ 
ages from the display to the standard TTL voltage levels. 


board for information entry and has ail the necessary 
circuitry to decode, remember the inputs, and de¬ 
bounce the keys. An added benefit of the calculator 
is the fact that it also displays the entered informa¬ 
tion. You can take advantage of this fact by using the 
calculator display as a display for the synthesizer or 
system you are controlling. 

However, there are certain problems associated 
with the use of a calculator. The information that you 
need is only present at the calculator display termi¬ 
nals. The information is not BCD encoded, but has 
been encoded to drive seven-segment displays. Fur¬ 
ther, to save pins on the calculator chip, the informa¬ 
tion is multiplexed. Seven lines carry the segment in¬ 
formation to all the digits while (in the case of the cal¬ 
culator we used) eight lines enable the correct digit at 
the proper time. 

To use the data from the calculator there are three 
steps to go through: 





u n o o 

o a o n 




alternate t segment representations 


■■■■■ - SEGMENT USED FOR THE DECODING PROCESS 
C===j - SEGMENT NOT USED 

fig. 3. Segments used for the input to the 8223 PROM to 
convert between the 7-segment display information and the 
BCD code. As can be seen, segments c and d are not needed 
for code conversion. Each character is unique, regardless of 
whether c or d are present. 


1. Shift the voltage levels of the display signals to 
that of the logic devices used in the decoder, and 
buffer these signals to prevent the calculator from 
being loaded down. 

2. Decode the seven-segment information to BCD. 

3. Demultiplex the BCD data and store the data. 

°' o,t 1 _n _n_ 

_n _n_ 

d,g,t 3 _n_n_ 




DIGIT e 



fig. 4. Timing diagram for the digit enable lines. 


Each of these operations is accomplished as de¬ 
scribed in the following sections, 

level shifting and buffering 

The calculator we chose to use was a Tl 1265. This 
is a simple, four-function calculator with automatic 
constant, non-blanking display, and low cost (in the 
$10 price range). Automatic constant is a convenient 
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fig. 5. The latches will load the information on the leading 
edge of the respective digit's load pulse. 


feature because by continually adding the fixed con¬ 
stant to the display, you can increment the synthe¬ 
sizer frequency by a constant amount. In 2-meter op¬ 
eration, for example, it would be best to store 0.015 
as the fixed constant. Each time you press + the fre¬ 
quency goes up by 15 kHz, the channel spacing on 2 
meters. To step down by a fixed amount, make the 
constant positive and the display negative (or vice 
versa), each time you press + you will be subtracting 
a fixed amount. 
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fig. 6. The time-constant formed by the R and C values pro¬ 
vide a delay before the gate is enabled. This allows time for 
the data to settle. 


A non-blanking display is an important feature to 
look for. Some of the calculators on the market will 
shut off the display, or even the entire calculator, 
after a period of inactivity to conserve battery power. 
Since the display conveys all the important informa¬ 
tion, this is unacceptable. If you already have a cal¬ 
culator with this feature, it may be possible to "fool" 


fig. 8. Block diagram of the complete 
system for using a calculator keyboard 
as a data entry system. 


DfSPLAT 5 SEGMENT 
OUTPUT 

CALCULATOR 


KEYBOARD 


|P)6/T LOAD 


the calculator into thinking that there is always activi¬ 
ty. Find a key that when pressed does not alter the 
memory of the display. If this key is regularly "press¬ 
ed" by an added circuit the calculator will be under 
the impression that the operator is still there. 

Finally, some calculators display the minimum 
number of digits to accurately represent the stored 
information. For example, 25. may represent the 
sum of 21.58 and 3.42. To be usable for this system, 
the calculator must retain the same number of deci¬ 
mal places at all times. That is, 21.583- 3.42 = 25.00; 
the two zeros after the decimal place remain. 


table 1. Truth table for the outputs of the 8223 PROM. 


number 

prom address 
7-segment code 
a b e f g 

prom outputs 
BCD output 
b 8 b 4 b 2 b 

0 

1 

1 

1 

1 

0 

0 

0 

0 c 

1 

0 

1 

0 

0 

0 

0 

0 

0 1 

2 

1 

1 

1 

0 

1 

0 

0 

1 c 

3 

1 

1 

0 

0 

1 

0 

0 

1 1 

4 

0 

1 

0 

1 1 

1 

0 

1 

0 c 

5 

1 

0 

0 

1 

1 

0 

1 

0 1 

6 

0 

0 

1 

1 

1 

0 

1 

1 c 

7 

7 

1 

0 

0 

0 

0 

1 

1 1 

8 

1 

1 

1 

1 

1 

1 

0 

0 c 

9 

1 

1 

0 

1 

1 

1 

0 

0 1 

6 a 

1 

0 

1 

1 

1 

0 

1 

1 c 

7 a 

1 

1 

0 

1 

0 

0 

1 

1 1 

9a 

1 

1 

0 

1 

1 

1 

0 

0 1 


Now, consider the type of display the calculator 
uses; two of the more popular are LED and fluores¬ 
cent. Most of the LED displays consume a great deal 
of battery power and blank the display after some 
period of time. The Tl 1265 has a fluorescent display 
and is not blanked. Other Tl calculators that are 
worth considering are the Tl 1200 (very similar to the 
Tl 1265) and the Tl 1000 (a low cost calculator that 
uses an LED display but meets most of the other re¬ 
quirements). Since we did use a calculator with a flu¬ 
orescent display, this is the type of interface we will 


DIGIT / LATCH 



describe. Interface with an LED-type display would 
actually be easier. 

The display voltage levels in the Tl 1265 are 0 and 
- 26 volts. This nonstandard signal can be translated 
to CMOS/TTL levels of 0 and + 5 volts with the circuit 
shown in fig. 2. CMOS 4049 inverters are 
used to minimize loading on the calculator outputs. 
The same circuit is used in each data line for seven- 
segment as well as digit information. All resulting sig¬ 
nals will drive CMOS or a single TTL load. 

segment decoding 

The information generated by the calculator chip is 
coded as a seven-segment signal to be directly used 
by the calculator display. To make use of this data, it 
is necessary to translate it to BCD. At first, it would 
appear that a complicated circuit with seven inputs 
and four outputs would be necessary. As it turns out, 
this will take four chips. Another possibility would be 
to use a special 1C to perform the decoding (a 
74C915). Unfortunately, these chips are not readily 
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fig, 7. Overall diagram of the circuit necessary to demulti¬ 
plex the BCD data for each digit. 


demultiplexing 

To minimize the number of outputs on the calcula¬ 
tor chip, most manufacturers multiplex the display 
information. The segment lines go to the same seg¬ 
ments in each digit while the digit lines enable each 
digit in turn. For example, to light segment g of digit 
1 (a minus sign in the first digit) this combination of 
digit and segment lines would be simultaneously ena- 
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fig. 10. The foil pattern for the circuit hoard Is shown In A. This does not Include the 74175 
latches. A parts placement diagram is also shown In B. 


bled. A representative timing diagram of the digit en¬ 
able lines is shown in fig. 4. 

Demultiplexing the segment data can be done by 
generating a signal while the desired digit is turned 
on and using this signal to enable a latch to store the 
data. For this circuit 74175s are used. These ICs are 
four D-type flip-flops in one package, or one for each 
BCD bit. The timing diagram for this circuit is shown 
in fig. 5. The latch load signal is generated by the cir¬ 
cuit shown in fig. 6. The RC time-constant delays 
the load pulse, so that data will be valid for any calcu¬ 
lator that might be used. The overall demultiplexing 
circuit is shown in fig. 7. 

If you are going to be transmitting the data from 
one board to another in your system {as we were), 


you should do the actual demultiplexing at the data's 
destination. What we did was to locate the 74174s 
right next to the synthesizer's divide-by-N counters. 
In this way, interboard wiring was limited to 4 BCD 
bits plus one line for each digit used. Tying the whole 
system together results in the block diagram shown 
in fig. 8, with its schematic shown in fig. 9. 

construction 

As shown in the photographs, our original circuit 
was patched together on a number of breadboards. 
For our final system, and this article, a PC board was 
designed and is shown in fig. 10A, with the parts 
placement shown in fig. 10B. This board is designed 
for five segment lines, six digit lines, and a spare line. 
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fig. 11. Connecting points on the calculator display board. 

In general, construction is not critical. Just try to 
keep the connections to the calculator as neat as 
possible to prevent crosstalk and avoid loading down 
the calculator outputs. For those who choose to 
build this project with the Tl 1265, the photographs 
also show the location for obtaining the necessary 
signals. A PC board and the 74S188 PROM are avail¬ 
able from the authors; send a self-addressed, stamp¬ 
ed envelope for details. 
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8 BY 8 VERTICAL POL. D8/2M-VERT. 

8 + 8 TWIST 8XY/2M $47.65 



ANTENNAS 

(FOB CONCORD. VIA UPS) 


RECEIVE CONVERTERS 



MODELS FOR ALL BANOS 50 MHz 
THRU 1296 MHz. LOW NOISE OP¬ 
TIONS AT 432 MHz. 


Send 30<‘ (2 stamps) lor lull details ol KV6 crystal products and all 
your VHP & UHF equipment requirements. 

Pre-Selector Filters Amplifiers SSB Transverters 

Varactor Triplers Crystal Fillers FM Transvertcrs |vit 

Decade Pre-Scalers Frequency Meiers VHF Converters r^~== 

Antennas Oscillator Crystals UHF Converters 


M 



Spectrum 
International, Inc. 
Post Office Box 1084 
ncord, Mass. 01742, USA 
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constant pitch monitor 
for cathode or grid- 
block keyed 
transmitters 

After acquiring my old cathode- 
keyed Heath DX-40 transmitter and 
a new Novice ticket, WD4MNR 
found he needed a CW monitor. He 
didn't want to bother with either an 
rf-activated device that required con¬ 
nection to the coax or a separate 
signal pickup wire. Some published 
monitor circuits have obtained their 
operating voltage across a small 
dropping resistor connected in series 
with the key. This approach was 
tried, but we found that the final 
tube in his DX-40 keyed erratically if 
more than a few ohms were inserted 
in the cathode circuit. Even if this had 
not happened, the voltage drop 


across the resistor would have varied 
and changed the oscillator pitch 
every time the transmitter was load¬ 
ed. A similar problem exists when rf 
pickups are used. 

The circuit shown in fig. 1 was 
developed to avoid problems. It keys 
reliably and at absolutely constant 
pitch, regardless of transmitter load¬ 
ing or band, and works equally well 
with other cathode keyed or grid- 
block keyed transmitters and trans¬ 
ceivers. The open-circuit voltage 
across the key (about 75 volts in our 
case) turns on an optocoupler which 
gates a 555 oscillator circuit. Opera¬ 
tion of the monitor is unchanged, 
even for manyfold variations in key- 
up voltage, as long as enough is there 
to turn on the MCT-2. 

To use this monitor with rigs hav¬ 
ing different key-up voltages, tempo¬ 


rarily substitute a 500k-ohm potenti¬ 
ometer for the 100k resistor con¬ 
nected to the key. With the monitor 
connected, the transmitter turned on, 
and the pot at maximum resistance, 
the monitor should produce a tone. 
Reduce the resistance of the pot until 
the oscillator just turns off; remove 
and measure the pot, and substitute 
a fixed resistor of the next lowest 
standard value. The monitor will now 
produce a tone when the key is 
closed. 

Bill Clements, K4GMR 

direct-conversion 

receivers 

I read with interest Dick Rollema's 
article on direct-conversion receiv¬ 
ers (DCR) in your November, 1977, 
issue of ham radio . Since Dick also 
mentioned some previous work of 
mine, I feel compelled to give some 
additional information concerning 
DCRs. 

It seems that the balanced transis¬ 
tor mixer which I used (as shown in 
fig. 2 on page 46 of ham radio) has 
been surpassed through the work of 
a Soviet amateur, V. Polyakov 
(RA3AAE). So I must draw your at¬ 
tention to his basic article published 
in the December, 1976, issue of the 
Soviet magazine Radio J .later articles 
appeared in the November, 1977, and 
December, 1977, issues). Using the 
first article, I built an experimental 
receiver and obtained excellent re¬ 
sults, which I published in the Sep¬ 
tember, 1977, issue of our Yugoslav 
radio amateurs' magazine, Radio- 
amater. I enclose partial copies of all 
those articles; however, I suppose 
you cannot read Russian or Yugoslav 
— so I shall give you a summary of 
the texts. 



fig. 1. Schematic diagram of the constant-pitch CW monitor. The optical coupler 
is used to isolate the 555 from the actual transmitter circuitry. 


100 B9 September 1978 






© O 

fig. 2. Mixer circuit for double-conver¬ 
sion receivers suggested by RA3AAE, 
and its characteristic curve. 


On page 46 Dick Rollema rightly 
concludes that a good mixer for 
DCR should be a switching-type 
detector. Polyakov's solution is based 
on two matched silicon or germanium 
high-frequency diodes, connected in 
parallel and back-to-beick. The local 
oscillator (in fact, bfo) must work on 
half of the received frequency, and 
the output from the detector is CW or 
ssb audio frequency. The integrated 
characteristic of the two diodes is 
represented with an inverted S- 
shaped curve (fig. 2Ah Theoretically, 
the characteristic is similar to a cubi¬ 
cal parabola {I=*AV + BV 3 ), which 


means that this detector does not use 
square functions — thus making a-m 
detection impossible. 

For popular explanation refer to the 
following. The lower cutoff points of 
the two diodes are used to obtain a 
switching device that can be opened 
and closed by the high-frequency 
voltage of the local oscillator (bfo). 
The so-called potential barrier for 
silicon diodes is about 0.5V and for 
germanium diodes about 0.1V. 
Therefore, in the middle part of the 
characteristic, neither of the two 
diodes conducts — which makes the 
switching function possible. The 
switching point occurs when the high 
frequency voltage of the bfo passes 
through zero and comes to one of 
the cutoff points, (Therefore the 
bfo's high frequency voltage, 
brought to the diodes through coil 
L-4, must exceed the potential barrier 
twice or more.) Since there are two 
zeroes in each cycle, it becomes ob¬ 
vious that the bfo must work on half 
of the received frequency. It can be 
equally said that the diodes CR1 and 
CR2 are closed sequentially when 
positive and negative half-waves of 


the bfo high frequency voltage reach 
their peaks. In those moments, the 
received signal — fed through coil 
L2 — will pass through one of the 
diodes and beat against the bfo volt¬ 
age. At the same time the matched 
pair of diodes — connected back-to- 
back — cancel any a-m detection or 
a-m breakthrough, so this switching 
mixer is exceptionally insensitive to 
a-m detection. 

In addition to simplicity, this mixer 
has several other qualities. Because 
the bfo works on half of the received 
frequency, it is easier to obtain good 
stability and to prevent unwanted 
radiation through the antenna. It is 
also very resistant to cross-modula¬ 
tion and overloading. Although 
Polyakov recommends silicon diodes 

— because of their higher potential 
barrier — I found germanium diodes 
to be more sensitive without losing 
other qualities of the mixer. 

In the experimental receiver I built 
the rf resonant circuit C1-L2, for sim¬ 
plicity, was set on the middle of the 
80-meter band once for ever (see fig. 
3). The number of turns of the sec¬ 
ondary coils L3 and L4 is one-fourth 
that of their primary coils, L2 and LB. 
Because there is no dc component 
after detection, the usual loading 
resistor was omitted and the high 
frequency components are shorted 
to ground through a 0.01 /iF capaci¬ 
tor. I found it essential to use a low- 
noise audio preamplifier after detec¬ 
tion — and one BF 173 did the job. 
The audio amplifier can be any inte¬ 
grated circuit or operational ampli¬ 
fier with possibility to include nega¬ 
tive feedback through C x and R x — 
thus peaking the resonant frequency 
of the amplifier at 1 kHz. Later I add¬ 
ed also an rf stage ahead of the mixer 

— by using an fet — which made 
this little receiver a real marvel of 
clean CW reception, selectivity, sta¬ 
bility, sensitivity, and resistance to 
cross-modulation and over-loading. 

Because I am too busy for it at the 
moment, I hope that Dick Rollema 
and others will have some more time 
to experiment with this type of mixer. 

Bozidar Pasric, YU2HL 



fig. 3. Experimental direct-conversion receiver built by YU2HL. that uses the im 
proved diode-mixer circuit. 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 142. 

Triplett 100-T 
pocket VOM 

Two very useful measurements are 
beyond the capability of most ama¬ 
teur and commercial workshops: 
temperature and ac current. The 
temperature of a device can be an 
important indicator of proper or 
improper operation. For instance, 
the relative temperatures of a transis¬ 
tor and its heatsink can tell you if the 
thermal path between the two is 
adequate, or whether or not the 
transistor is operating within its safe 
dissipation rating. The same is true of 
resistors and other components in a 
circuit — too often the extra dissi¬ 
pation is detected by the "scorched 
finger" method. 

The need to measure the amount 
of current flowing in ac circuits 
comes up often enough that most 
amateurs and engineers wish they 
had an instrument designed for that 
purpose, A clamp-on ammeter will do 
the job, if it is available. 

The new Triplett model 100-T VOM 
is a welcome addition to the lab or 
workbench because it includes the 
capability of measuring temperature 
and ac current in addition to the 
standard VOM functions that you 
would expect from this fine 
instrument. 

A first in versatility and tempera¬ 
ture sensitivity for its size, the new 
model 100-T features a hand-size 


VOM with -50° to -*-300°F tem¬ 
perature ranges. It is contained in a 
handy leather carrying case that 
includes the temperature probe, 
VOM leads, a clamp-on ac ammeter, 
plus a plug-in line separator for cur¬ 
rent readings on standard line cords. 
The 100-T is designed for checking 
motors, ac and dc lines, machinery, 
electronic circuitry, appliances, and 
temperature. 

The basic Model 390 "shirt pocket" 
VOM includes five ac/dc voltage 
ranges from 0-1200 volts, four dc 
milliamp ranges from 0.6-600mA, 
and four resistance ranges from 10k 
to 10 megohms. Two direct-reading 
temperature scales from - 50°F to 
+ 150°F and +50°F to +300°F are 
also included for use with the tem¬ 
perature probe. 

The Triplett Model 10 Clamp-on ac 
ammeter permits current readings in 
6 ranges (up to 300 amps) to be 
performed without circuit interrup¬ 
tion. And, the Model 101 plug-in line 
separator "divides" a standard line 
cord to permit clamp-on ac current 
measurements at directed and extra¬ 
sensitive 0.6 and 0.3 amp full scale 
readings. An extension for the ac 
clamp-on probe is also included. 

Temperature readings are accom¬ 
plished by using the Triplett therm¬ 
istor probe. The bare probe is used 
for surface temperature measure¬ 
ments. An aluminum shield is pro¬ 
vided to protect the sensitive probe 
from damage when taking air temper¬ 
ature measurements, or when the 
probe is stored in the VOM case. 

For further information on this new 
ultra-compact, versatile, model 
100-T, priced at $120 complete with 
accessories, contact Triplett Corpora¬ 
tion, Department PR, Bluffton, Ohio 
45817, or ask your local electronic 
distributor for a demonstration. 


Wayne Bracket 



The Wayne Bracket Communica¬ 
tions Command Console provides a 
way to mount and install expensive 
communications equipment in any 
vehicle. The rugged, solid-aluminum 
bar-stock frame and crossmembers 
allow you to position all sorts of elec¬ 
tronic equipment for convenience 
and safety. An investment in this in¬ 
finitely practical bracket makes the 
installation neat, quick, easy, and 
economical. It fastens over the drive 
shaft tunnel in any nonconsole, 
column-shift vehicle using only four 
sheet-metal screws. Models are avail¬ 
able for flat-surface installations. 

The bracket provides an ideal place 
for a first-aid kit, fire extinguisher, 
and flashlight. It completely elimi¬ 
nates dash-mount hassles and 
mickey-mouse floor rigs. The Wayne 
Bracket's low center of gravity and 
central location protects expensive 
equipment while providing maximum 
front-seat room. For more informa¬ 
tion, request our "10 basic benefits" 
brochure at no obligation. Write to 
E. Lee Reid, Wayne Communica¬ 
tions, Inc., Post Office Box 57, Doc¬ 
tors Inlet, Florida 32030. 
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tunable ATV converter 


AMATEUR TV 
CONVERTER 


«'*KU*T WOF 


Science Workshop has introduced 
a new tunable ATV converter, which 
connects between an ordinary uhf 
antenna and the vhf input of any 
television set. 

Features and specifications of the 
model ATVC-10 are a low-noise, 
high-gain rf amplifier stage with 
varactor-tuned input and outputs, an 
active mixer with varactor-tuned in¬ 
put, a varactor-tuned oscillator stage, 
and adjustable rf gain control. 

The built-in ac power supply uses a 
transformer for power line isolation 
and a full-wave bridge, supplying a 
regulated voltage for the four tuning 
varactors. The converter is electrical¬ 
ly tuned from 420 to 450 MHz, with 
outputs on vhf TV channels 2 
through 6. 

The ATVC-10 comes completely 
wired and tested and guaranteed for 
two years. It is housed in an attractive 
two-tone (walnut and beige) finished 
aluminum cabinet which measures 
only 4.75 x 10.85 x 10.5 cm (1-7/8 
x 4-1/4 x 4-1/8 inches). 

The prices: factory wired, only 
$49.95; semi-kit (critical circuits pre¬ 
wired and aligned), $39.95. Full in¬ 
structions are included. 

For additional information write to 
Science Workshop, Box 393, Beth- 
page, New York 11714. 


Hiram Percy Maxim — 
a biography 

Probably Hiram Percy Maxim has 
contributed more to amateur radio 
than any other single person. 
Historically, he founded QST Maga¬ 
zine, the American Radio Relay 
League, and the International Ama¬ 
teur Radio Union. He pleaded the 
amateur's cause very successfully 
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Cushcraft manufactures the world's most 
complete line of quality antennas for 
amateur VFH-FM repeater service including 
high-gain multi-element vertical beams, 
stacked arrays. 5/8-wavelength 
mobile whips, half-wavelength Ringo 
verticals, and the world-famous Ringo 
Ranger *’, which features stacked vertical 
half-wavelength elements for 4.5 dBd 
omnidirectional gain. Whether your favorite 
repeater is next door or across the state, 
Cushcraft has a VHF-FM antenna which is 
exactly engineered to your needs. 




f ; our Polo 


5/8 wav© Mobile 



Ringo Ranger * 


A cushcraft 

CORPORATION 


In Stock With Dealers World Wide P.O. Box 4680. Manchester, N. H. 03108 


More Details? CHECK-OFF Page 142 
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Rugged Giants 

Tri-Ex Skv Needle Towers 
Give your antennas 
h 'a big lift! 

Regular and 
heavy duty 
towers 


Thisjadvqnced statg$b>Mhe*art\ 
i^|as^p|nlng its 
own special place, of honoijin the 
ham-com^unicatfons field. Tri-Ex 
takes great pride in being the 
developer and first to build this 
crank-up, freestanding tubular 
tower for the amateur. Uniquely 
eye-pleasing, the slim and grace¬ 
ful “Sky Needle” is a symbol of 
pride to its owner as well as proof 
positive that he has the very best 
in towers. Tri-Ex offers immediate 
delivery. Act now! Write for your 
free brochure, today. ,4 






•Three] Hy^Gain 10, 15, 20M lorif? 
johns. 

*Log-periodig antenna for MARS 
.ifee lilo 3KMHZ. £ 


fui V&'iBJj! 


- I 

HEIGHT • ; 1 


, model - HE>QHT 

moDtL EXTENDED NESTED 

TM*40 4Q> ir 

TM-358 Bf 22 W 

TM-370/370HD 70* 27' 

... AllSv 






Irl-Ex TOWER CORPORATION 

7182 RASMUSSEN AVE., VISALIA, CALIF. 93277 


before American and international 
forums bent on abolishing the hobby, 
and he held one of the most famous 
ham callsigns of all time: W1AW. 
Taken together, he organized, nur¬ 
tured, defended, and disciplined the 
hobby in its critical formative years; 
amateur radio still bears the distinc¬ 
tive stamp of his gentlemanly per¬ 
sonality. 

Maxim is best known outside the 
world of amateur radio for his inven¬ 
tions and pioneering work in the 
development of the automobile and 
noise-control devices. A holder of 49 
patents, he was also a pioneer in avia¬ 
tion, air conditioning, motion pic¬ 
tures, and radio astronomy. He was 
an accomplished international diplo¬ 
mat, screen writer, urban ecologist, 
and nationally-syndicated newspaper 
columnist. In short, he was a true 
Renaissance man; the embodiment 
of the line from The Amateur's Code , 
“an amateur is balanced/' 

This is the only available biography 
of a great and unique American char¬ 
acter. It is a fascinating and painstak¬ 
ingly well-researched account that 
brings his personality to life. The 
author, Alice Clink Schumacher, 
avoids dull scholarship and makes the 
reader feel that he is overhearing a 
collection of treasured family anec¬ 
dotes told by close friends and 
relatives. 

The book provides a unique insight 
into one man's life and an era of un¬ 
precedented technological progress 
in dozens of fields. Perhaps the 
feature which most commends this 
book to every amateur's library is the 
lengthy excerpting from Maxim's in¬ 
comparable series of “The Old Man" 
editorials. Printed anonymously in 
early issues of QST t they are amus¬ 
ing, humorous yet thought-provoking 
carictures of radio amateurs and 
their foibles. They are still amazingly 
accurate today. 

Certainly few men were as well- 
liked and respected, nor did as much 
to make amateur radio the most 
gentlemanly of hobbies, than The Old 
Man — Hiram Percy Maxim. 


106 Um September 1978 


More Details? CHECK-OFF Page 142 





Soft cover, 153 pages, $4.50 
from Ham Radio's Communications 
Bookstore, Greenville, New Hamp¬ 
shire 03043. Order catalog HR-HPM. 


Bristol electronics 
10-meter transceiver 



Bristol Electronics of New Bed¬ 
ford, Massachusetts, now offers two 
mobile transceivers for the amateur 
10-meter band. The HAM-10 is a 
10-watt, 40-channel unit that covers 
40 channels with 10-kHz spacing, 
starting at 28.965 for channel 1. The 
HAM-100 is a 100-watt version of the 
same synthesized transceiver. 

Frequency control is by means of a 
patented Phase-Lock Loop synthe¬ 
sizer, and the receiver may be tuned 
between channels for better recep¬ 
tion of off-frequency stations. 

These transceivers are not worked- 
over CB units, but are, according to 
Bristol Electronics, designed and 
engineered for amateur 10-meter 
band use. The equipment is of the 
same lightweight and compact style 
that amateurs are accustomed to 
using in the vhf part of the spectrum. 

Additional features include an 
automatic noise-limiter, combined S- 
and rf-power meter, LED modulation 
monitor, and a jack for an external 
speaker. A microphone and all 
mounting hardware are included. 

The modulation system is a-m, 
with a capability of 95 to 100 per 
cent modulation. Spurious signals 
are suppressed better than 60 dB, 
and harmonics are suppressed better 
than 45 dB. The HAM-100 has a se¬ 
lector switch for either fail power or 
a 10-watt level for local work. 

For more information, contact 
Bristol Electronics, Inc,, 651 Orchard 
Street, New Bedford, Massachusetts 
02774. 


CUSHCRAFT 

ISTHEHF 

MUITIBAND 



COMPANY. 


ATB-34. Thfeo Band 

Cushcraft manufactures a full range of high- 
frequency antennas which are performance 
engineered for the most discriminating amateur 
For the amateur who demands top performance 
in a multiband Yagi beam there's the 
incomparable ATB-34 three-band beam for 
broadband, high-gain coverage on 10.15 and 
20 meters. 

And for the Amateur with limited antenna space 
and budget who wants reliable, multiband 
radio communications there are three Cushcraft 
multiband verticals to choose from: the three- 
band A1V-3 for 10,15 and 20; the four-band 
ATV-4 for 10, 15. 20 and 40 meters; and the ATV-5 
for low VSWR five-band performance from 80 
through 10 meters. 
Cushcraft high-frequency antennas are quality 
engineered for top performance; they are often 
imitated, but never duplicated. 
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RF Transformer 



• New! Broadband antenna matching. 

• Convenient switch selection of impedance taps. 

• For verticals and mobile whip antennas. 

• Taps at 8, 12.5, 16, 22, 32 and 50 ohms. 

• Full 500 watt capability. No time limit. 

Here is the answer to the matching problem for vertical antennas and 
mobile whips. A broadband transformer that really works. Plenty of 
taps to match your 50 ohm transmitter to any short vertical. 

And with no tuning or other adjustment. The 500 Watt RF Transformer 
is completely broadbanded 1-30 MHz (1-10 MHz below 20 ohms). So 
when you change frequency within a band you need only retune the 
antenna loading coil to resonance; not fiddle with a matching network. 

Also, more power goes into your antenna. The 500 Watt RF 
Transformer is more efficient that a matching network or tuner — less 
than .1 db loss. 

As always, when you buy Palomar Engineers you get the best; large 
ferrite toroid core, teflon insulated wire, rugged ceramic switch, heavy 
die cast aluminum case, full 500 watt CW capability. 

Free descriptive brochure on request. 

Improve your mobile operation. Simplify your tuneup. Get better 
results with the new Palomar Engineers 500 Watt RF Transformer. 

Order yours now! Price $35.00 plus $2 shipping/handling U.S. & 
Canada. Calif, residents add sales tax. 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 


standard C-6500 

general-coverage 

receiver 

The Model C-6500 is a synthesized, 
general-coverage, communications 
receiver; a new "Standard" with 
high-quality, low-cost performance 
that will please the most critical lis¬ 
tener. Reception capability is pro¬ 
vided for a-m, CW, and ssb. Unusual 
stability is achieved by using a syn¬ 
thesized, drift-cancelling injection 
system in 30 tunable ranges, covering 
the entire broadcast band starting at 
500 kHz through 30 MHz. A 10-MHz 
reference oscillator provides the fre¬ 
quency stability necessary for excel¬ 
lent ssb reception. Dial accuracy is 
better than 5 kHz, which is sufficient 
to locate and identify stations on 
known frequencies. 

There are two separate detectors, 
product and diode, to provide excel¬ 
lent performance for both ssb and 
a-m signals. A mode switch provides 
wide or narrow selectivity. A tunable 
preselector allows the user to adjust 
for maximum sensitivity and inter¬ 
ference rejection. Completely solid- 
state in design, the Standard C-6500 
operates from ac mains as well as 
eight internal type "D" flashlight 
cells. Automatic switchover to bat¬ 
tery operation is accomplished if the 
ac power should fail. For information 
write Standard Communications 
Corporation, Post Office Box 92151, 
Los Angeles. California 90009. 


two-volume course on 

microcomputer 

programming 

A two-volume course that inte¬ 
grates introductory experiments in 
digital electronics with programming 
and interfacing an 8080A-based 
microcomputer is now available. 
Bugbooks V<and VI by D, G. Larsen, 
P. R. Rony, and J. A. Titus are lab 
experiment-oriented texts that are 
intended for study and guidance in 
the performance of "hands on" 
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experiments with the aid of a low- 
cost microcomputer, breadboarding 
kits, and readily available compo¬ 
nents. The books may be purchased 
individually. 

The course material is organized 
for teaching microcomputer pro¬ 
gramming and the interfacing of a 
microcomputer to external digital de¬ 
vices for practical applications. The 
course content is derived from the 
authors' experience in teaching the 
subjects to college students, scien¬ 
tific researchers, and engineers with 
a need for mastery of microcom¬ 
puters but no formal background in 
either digital electronics or computer 
programming. The student or hobby¬ 
ist is expected to perform the sug¬ 
gested experiments to obtain the 
most benefit from the course ma¬ 
terial. 

Integrated circuits and the micro¬ 
processor are treated as functional 
black boxes with specific electrical 
characteristics; semiconductor 
physics and mathematical analysis is 
omitted. Laboratory experiments and 
text review questions and answers 
are included to test reader under¬ 
standing of the subjects covered. 

Bugbook V, with 15 units in 493 
pages covers the basics of 8080A 
microcomputer programming and in¬ 
structions as well as digital codes, 
register, logic gates, and truth tables. 
An introduction to breadboarding is 
followed by instructional units and 
experiments covering 7400 series 
TTL integrated circuit chips, includ¬ 
ing flip-flops and latches, decoders, 
counters, digital signal gates, and 
multivibrators. 

Bugbook VI has eight units in 490 
pages; it integrates the digital con¬ 
cepts discussed in Bugbook V into a 
treatment of 8080A microcomputer 
interfacing and programming. De¬ 
tailed instructions and related labora¬ 
tory experiments cover select pulses, 
the 8080A instruction set, three- 
state bussing techniques, and intro¬ 
ductions to accumulator and memory- 
mapped input/output techniques. 
Other topics in Bugbook VI include 


CUSHCRAFT 
IS THE VHFI 




COMPANY. 


Cushcraft precision engineered VHF/UHF Vagi beams 
have become the standard of comparision the world 
over for SSB and CW operation on 6 meters through 432 
MHz Built by skilled craftsmen from the best available 
materials, these beams represent that rare combination 
of high electrical performance, rugged construction, 
and durability. 



44-1 Vi-2 Meter Vagi 


20 Element DX Array 


Quad Array 


Cushcraft's wide variety of VHF/UHF 
Beams includes an antenna tor every 


Cushcraft's Quad Arrays for 144, 220. 
and 432 MHz use four matched 
11-element Cushcraft Yogis and are 
the ultimate in a high-performance 
Yagi array. These arrays have been 
carefully engineered for maximum 
forward gain, high front-to-back ratio, 
and broad frequency response, All 
antennas provide a low VSWR match 
to 50-ohm coaxial feedline. 


amateur activity above 50 MHz, whether 
local ragchewing or long-haul over-the- 
horizon DX, AH models have been 
carefully optimized for maximum 
forward gain with high front-to-back 
ratio The heavy-wall bright hard-drawn 
aluminum booms and elements are 
combined with heavy formed aluminum 
brackets and plated mounting 
hardware tor long operating life and 
survival in severe weather 
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a second look 

! by Jim Fisk 


Our society is a very mobile one, arid with the recently lowered air fares, more people than ever 
before are traveling by air. It's only natural for the vhf-fm operator, with his portable fm rig, to 
question the possibility of using his equipment on commercial flights. 

It is popularly believed that all you have to do is obtain the captain's permission to operate; surely 
your little two-watt fm rig is not going to cause any interference with the high-powered radio equip¬ 
ment used on board the aircraft. However, this is not the case — according to the Federal Air Regu¬ 
lations, approval must be obtained from the air carrier (airline) and not the pilot in command. 
However, once approved by the air carrier, the permission of the captain in command must also be 
obtained to operate equipment aboard a particular flight. 

Shortly after World War II, portable Japanese fm broadcast receivers appeared on the market, and 
passengers started using them aboard commercial flights. At the same time, aircraft navigation 
radios started doing strange things, and it didn't take long to determine that the interference was 
being caused by rf radiation from the portable fm receivers. The aircraft radios literally went wild, and 
at least two aircraft accidents were attributed to interference of this type. 

When it was determined that this interference was present, the FAA promulgated new regula¬ 
tions, paragraph 91.19 of the Federal Air Regulations. This paragraph states that no electronic device 
may be operated aboard a commercial airliner except heart pacemakers, voice recorders, hearing 
aids, calculators, electric shavers and electric watches, unless the device has been approved by the 
air carrier or operator. The regulation further states that the captain of the aircraft does not have the 
authority to authorize such operation . 

Consider, for a moment, what might happen if such operation were allowed. Suppose you have 
been operating all across the country, and your plane is about to land. A passenger with a briefcase 
telephone sitting across from you has been watching you operate. About 10 minutes before landing, 
he decides to call his wife. Unfortunately, his radio telephone transmits right in the middle of the 
glide slope spectrum. As soon as his transmiter is keyed, the glide slope indicator cross pointer goes 
up or down, and the autopilot follows it. That could be disastrous. 

As an airliner flies across the country, the pilot changes frequency every 5 minutes or so. If several 
fm operators are on the same flight, only one can talk at a time, so some may decide to switch to 
other frequencies. When you figure out all of the i-f and carrier frequencies of the aircraft radios, plus 
the amateur gear, plus all the possible mixing products, you can appreciate the magnitude of the 
problem. 

A few years ago a well known vhf-fm operator prevailed upon an airline to test his Motorola HT in 
one of their aircraft so he could operate during a flight he planned to take. After months of cor¬ 
respondence and personal meetings with airline communications people (many of whom were 
amateurs), the airline agreed to run the necessary tests. On the appointed day the aircraft was 
removed from line operation and the test began; it took three hours and four men to complete. The 
HT caused no interference, and the amateur received a letter authorizing the operation of that HT on 
that particular trip in only that type of aircraft. It's easy to understand why the airlines, who are trying 
to cut costs, are not enthusiastic about testing an individual's vhf-fm equipment. 

Many fm operators continue to ask the captain's permission to operate, and he may give it, not 
realizing the possible bind he is putting himself in; he could have his license suspended or he could be 
fired. Don't put him in that position, and don't subject yourself and other passengers to a situation 
which could be hazardous to all on board. 

Remember, you may not cause any interference during the trip, but the ILS glide slope receiver is 
used only during the last few minutes of flight, so interference may not be noticed until it's too late! 

Jim Fisk, W1HR 
editor-in-chief 



4 SB October 1978 



zip-cord feedlines 

Dear HR: 

I feel that the article by W7RXV 
{ham radio , April, 1978, page 32) 
deserves a rebuttal. First, I doubt 
the accuracy of Fruitman's measure¬ 
ments on the coax. As a practicing 
antenna engineer, I have made rather 
precise measurements of the loss of 
both RG-58 and RG-8. The numbers 
that have repeated themselves time 
and time again are very close to 2.0 
dB/30 meters for RG-58 at 20 MHz 
and 1.0 dB at 4 MHz, Thus, for a 20- 
meter run, Fruitman should have 
measured 20 per cent {versus his 
claimed 58 per cent) transmission loss 
at 20 MHz. The other numbers are off 
by a proportionate percentage. 

More serious, however, is Fruit- 
man's apparent disregard of meas¬ 
urement and use techniques between 
coaxial cable and balanced-wire line. 
When he says "the zip cord came 
down and the RG-58 went up" one 
must be a bit suspicious that the two 
different types of transmission cable 
were fed from the same connector. 
Moreover, one must then ask if he 
used the same measurement tech¬ 
nique for both coax and twinlead 
without the use of baluns. Had he 
made the blunder of not using the 
twinlead properly, the errors he re¬ 
ports would be expected. The loss is 
not in the twinlead, but in the VSWR 
mismatch. 

I have used lamp (zip) cord on the 
lower bands with reasonable results. 
Of course, you can't go out and buy 
just any old zip cord and hook it up 
without going through a bit of in¬ 


vestigation. The impedance of zip 
cord varies from about 70 ohms {for 
the light duty wire) to about 30 ohms 
for the super-heavy duty cord. Loss 
is a bit better than the normal 75- 
ohm twinlead. 

Jim Weir, WB6BHI 
VP Engineering 
Radio Systems Technology 
Grass Valley, California 

51J product detector 

Dear HR: 

I would like to thank Bill Orr, 
W6SAI, for the fine article in the 
February, 1978, issue of ham radio 
which showed how to add a product 
detector to a Collins 51J receiver. I 
made this modification to my receiver 
and am very pleased with the change. 

However, I did run into a problem 
which evidently did not crop up when 
Mr. Orr made his conversions. I 
found that when I turned up my audio 
gain, the receiver immediately started 
motor-boating. Investigation re¬ 
vealed it was not motor-boating, but 
was hash pick up from the filter unit 
of the power supply, I tried replacing 
the plug-in type filter capacitor, but 
this did not cure the problem. I finally 
had to add a 10-^F filter capacitor at 
the junction of the screen and plate 
resistors. 

Frisco Roberts, K5CE 
Corpus Christi, Texas 

pi networks 

Dear HR: 

The article by Irv Hoff, W6FFC, in 
the June, 1978, issue of ham radio on 
pi network design was well done and 
fulfilled a need for those interested in 
building equipment. However I'd 
like to point out one minor discrep¬ 
ancy in an otherwise excellent article 
that may cause some confusion. On 
page 63, Irv points out that an rf 


choke should be used at the antenna 
output of any pi or pi-L network. All 
well and good, but nowhere in the 
article does the author indicate how 
this rf choke should be connected. 
Perhaps it is implicit in the text, but I 
think that a simple addition to fig. 3 
showing how to connect the choke 
would be appropriate. The rf choke 
should be strapped between the an¬ 
tenna output connector and ground. 
The choke is essential in such a cir¬ 
cuit in series with the network 
output! 

A. Wilson, W6NIF 
Encinitas, California 

phased antenna 

Dear HR: 

After looking at some of the beams 
{especially 40 meters) I came up with 
a cheaper way to get a signal to the 
West Coast, especially at night. The 
idea was copied from some of the 
other antennas — it's very easy to 
make. It uses half-wave dipoles in 
phase, and gives a nice bi-directional 
antenna. Taking in the velocity fac¬ 
tor of RG-8, which is 0.66, I took 492 
x 0.66 and divided that by the fre¬ 
quency 7.250 MHz= 44' 9" for my 
phasing lines, one for each dipole. 

I use a minimum of 1 /8-wavelength 
spacing {16'1"). I found very little 
difference between 1/4-wave and 
1/8-wave spacing. I've checked it 
with several stations and, with a 
friend to compare signal reports with, 

1 ran 500 W PEP while he ran the full 

2 kw PEP. I averaged 2 to 3 S-units 
more than he did all the time. This 
same thing was tried on 75, and I 
got the same results. The stations on 
the West Coast gave me the best 
signal report. I hope this works as 
well for others as it has for me. 

Jerry Thacker 
Francisco, Indiana 
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BALLOON MOBILE AMATEUR RADIO provided the Double Eagle II with vital communications 
as the 112 foot high balloon became the first free-air craft to cross the Atlantic. The 
balloonists, operating as W50CP on 14325 kHz, maintained contact with their ground crew 
in Bedford, Massachusetts, using at Atlas transceiver. 

Though None Of The Three balloonists were themselves Amateurs, there were Amateurs 
(including W50CP) in the Eagle II*s ground support crew. The Atlas had been taken along 
for compact, lightweight backup communications, and when the crew found themselves with¬ 
out other communications halfway through their trip, their emergency use of Amateur 
frequencies under paragraph 1381 of the International Radio Regulations was not inappro¬ 
priate . 

Another Adventurer, Naomi Uemura, JG1QFW , was in Washington in late August for a press 
conferenceand a celebration of his accomplishment: reaching the North Pole solo. With 
much of the trip's communications burden carried by Amateur Radio, lots of good PR should 
result. 

THE FCC'S BAN ON 10-METER LINEARS came an important step closer to being challenged 
when the ARRL filed, In Tate August, a Petition for Review of the controversial decision 
in the United States Court of Appeals, District of Columbia Circuit. This in effect 
gives the League 45 days in which to prepare a brief on the matter, and, with the League 
Executive Committee meeting at mid month, the final decision on just how far they'll 
carry the matter should be made then. 

Amateur Use Of ASCII for RTTY is the sole subject of the Notice of Inquiry and further 
Notice of Proposed Rule Making on the "Bandwidth Docket" — 20777. The NPRM will propose 
adding ASCII to the permitted emissions for Amateurs, while the NOI will ask what specific 
standards should go into the new rules. Comment Due Date on this Notice of Inquiry and 
NPRM is November 15, with Reply Comments due December 16. 

The FCC-Amateur Media Meeting proposed for this month will probably be devoted to 
Amateur exams — content, study guides, exam administration both in and out of the FCC, 
and the like. Dates are available at Gettysburg, but it could be further delayed if a 
10th Notice of Inquiry on WARC 79 requires a meeting of the Advisory Committee on Amateur 
Radio, which could be held at the same time. 

A SIGNIFICANT ANTENNA VICTORY has been achieved by W6Q0L. The pro-Amateur Radio deci- 
sion in this case, rendered by the Federal District Court, prohibits the city of Placentia, 
California, from limiting W6Q0L’s antenna to 25 feet. 

By Its Decision, that court directly contradicted the California State Court’s decision 
that Cerritos, California, had the right (in the N6QQ case) to limit an Amateur’s antenna 
height. Thus it appears that the Supreme Court, which declined to rule last spring on 
the N6QQ decision, will again become involved in the battle, as there are now contradictory 
decisions that must be resolved in the same area of law. 

Another Antenna Battle appears to have been won in Farmington, Michigan, a Detroit 
suburb. Despite strong objections from home owners, the Farmington Heights Planning 
Commission has come out in favor of tripling the permitted height of radio towers from 
the present 25 to 75 feet. In a new ordinance sent to the city council, the planning 
commission proposed increasing the maximum to 75 feet, but with the proviso that the 
tower height could be no more than half the width of the lot. 

1979 ARRL DX CONTEST , having been reduced by the Board of Directors to one weekend 
per mode, will be held in March with the first weekend for phone and the third for CW. 
Preference for February dates from large numbers of U.S. stations has been strong, citing 
building low-band noise from spring storms as a major problem. But, an informal poll of 
overseas participants indicated a preference for March dates. 

DURING TORRENTIAL RAINS that brought death and destruction to south and central parts 
of Texas, Amateurs serveda vital communications role. Nearby Amateurs received first 
word of the disaster at 6:00 AM on August 2, when K5RZD called into San Antonio via re¬ 
peater to ask for helicopter evacuation of flood survivors from Medina. At about the 
same time, the U.S. Whether Service was calling EC WA5RNV asking for Amateur communications 
help. Until the waters started to recede late in the weekend, an estimated 100 Amateurs 
worked around the clock providing much needed communications for rescue workers and surviv¬ 
ors. In addition to providing disaster communications, a number of Amateurs monitored 
flood gauges throughout the affected countries to provide Weather Service Chief Hydrolo¬ 
gist George Kush with vital data for predicting which areas were threatened and needed 
to be evacuated. 

THE FIFTH 2-METER "WAS" has been earned by K1WHS thanks to K9SS and his Idaho operation. 

ANYONE DESIRING CATV cable and/or connectors per the Woods article in September, ham 
radio , should send a self-addressed, stamped envelope to Box 7111, Phoenix, Arizona S3(Jll. 
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digitally 

programmable 

high-frequency 
communications receiver 


High-frequency receiver 
for 1-30 MHz 
features up conversion, 
frequency synthesis, 
and novel digital control 

of the rf 
and mixer circuits 


The high-frequency communications receiver 
described here includes a unique digital interface that 
provides it with unusual capability. The receiver 
covers selected portions of the high-frequency spec¬ 
trum between 1.8 and 30 MHz with the aid of a fre¬ 
quency synthesizer that is an integral part of the digi¬ 
tal display. Coverage includes all of the amateur 
bands, two bands which include WWV, several of 
the international short-wave broadcast bands, and 
most of the CB band. Coverage is not limited to 
these bands. In fact, the basic scheme is such that 
the receiver can be set up to cover the entire range 
from 1.8 to 30 MHz. 

development 

This unusual receiver was developed strictly as a 
hobby over a period of about a year. The object was 
to design and build a high-performance breadboard 
model that could be controlled from the front panel 
through a digital interface. In many respects, the 
result represents a radical departure from conven¬ 
tional receiver design. Once the basic scheme was 
conceived, it was only a matter of building up the 


By Norman J. Foot, WA9HUV, 293 East 
Madison Avenue, Elmhurst, Illinois 60126 
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various functional blocks, integrating them, connect¬ 
ing the interface, and checking out the entire system. 
At first blush this seemed easy, but assuredly it 
was not. 

It is difficult to describe all of the details of the pro¬ 
grammable receiver in one magazine article. There¬ 
fore, this article will include a general description of 
the overall scheme with the aid of functional block 
diagrams, so that a clear understanding of the basic 
idea will be gained. An overall wiring diagram of the 
frequency counter is not included, but special em¬ 
phasis will be given to the circuits associated with the 
frequency synthesizer. Other circuits that will be 
described are those considered to be unique, such as 
logic control and the high-frequency oscillator. 

general description 

To simplify the development process, the decision 
was made to divide the receiver into physical subas¬ 
semblies or modules, each including circuitry that 
logically belongs together. Each individual module 
was fitted with BNC connectors for rf and i-f inter¬ 
connections, and 14 pin DIP sockets were used for 
logic and power. While this modularized approach 
added considerably to physical size and circuit com¬ 
plexity, it provided a way to easily and quickly 
remove modules to facilitate debugging, modifica¬ 
tions, and repair. Pertinent test points were included 
on each module. Extender cables were used to oper¬ 
ate the receiver with one or two modules removed 
from the main frame. 

The modules are mounted on a pair of 28 x 43 x 
5 cm (11 x 17 x 2 inch) aluminum chassis, each 
equipped with a standard 13.3-cm (5-1/4-inch) high 
relay rack panel. The lower deck houses the circuits 
that function to select and display the frequency to 
which the receiver is tuned, and to convert incoming 
signals to 32 MHz. The upper deck contains the final 
mixer and all of the 1650 kHz i-f, mode select, detec¬ 
tion, and audio circuitry. These two decks are re¬ 



construction of the 32-MHz deck which includes the main 
tuning control, frequency display, thumbwheel switches, 
and rf gain control. 



Rear view of the 32-MHz deck showing the perf-board con¬ 
struction. 


ferred to as the 32-MHz and the 1650-kHz decks. 

Now that the design has been confirmed by the 
working breadboard model, it should be a relatively 
simple matter to physically reconfigure the receiver 
to fit into a single, standard-size enclosure. 

No printed-circuit layouts have yet been prepared. 
All of the digital circuits were assembled by hand 
using pieces of perforated epoxy fiberglass with a 
hole matrix on 2.5-mm (0.1-inch) centers, such as 
Vector 169P84. Component parts were hand wired 
and soldered using a combination of wire wrap tech¬ 
nique and no. 26 (0.4 mm) tinned copper wire insu¬ 
lated with Teflon sleeving. 

A major challenge for those wishing to reproduce 
this receiver is to reduce the counter and other 1C 
boards to printed circuits. The counter board alone 
includes 27 integrated circuits of which six are LED 
displays. The total 1C count is 71. There are a total of 
13 DIP sockets used for power, and three sets of 8 
DIP switches. In addition, there are 34 transistors in¬ 
cluding series pass regulators in the power supplies, 
and 44 diodes including switching and power supply 
rectifiers and zener regulators. 

The overall gain of the receiver from antenna to 
product detector output is approximately 122 dB 
when all controls are set for maximum. Overall sensi¬ 
tivity is 0.2 /zV for 10 dB S + N/N ratio, which is more 
than adequate for most high-frequency require¬ 
ments. 

The front panel of the 32-MHz deck has a three- 
digit thumbwheel for band and band segment selec¬ 
tion, a vfo knob for tuning 100-kHz band segments, 
and a six-digit seven-segment LED display which in¬ 
dicates the antenna frequency to within ± 100 Hz. 
The accuracy of the readout is based on a 1.0 MHz 
crystal clock which is zero beat with WWV. There is 
also a unique antenna trimmer, an rf gain control, 
pilot light, and power switch. 

The 1650-kHz deck includes a mode switch which 
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fig, 1. Simplified block diagram of the digitally programmable high-frequency communications receiver, showing the modular construction. The receiver features up conversion to 32 
MHz, a frequency synthesizer, and diode-switched front-end and mixer circuits. 
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allows selection of a-m, USB, LSB, CW, or fm; age 
release switch, S-meter, audio gain control, i-f gain 
control, pilot light, power switch, and a small loud 
speaker. Each deck includes its own regulated power 
supply. 

Both the band-select thumbwheel switches and 
the mode switch output TTL compatible binary 
codes. The bandswitch thumbwheels provide a cer- 


basic receiver design 

The ground rules for high performance in a gener¬ 
al-coverage receiver were elegantly described by 
Wayne Ryder, W6URH, in his recent ham radio arti¬ 
cle. 1 He discusses the design criteria for general cov¬ 
erage, and gives illustrations of up-conversion 
schemes designed to minimize interference from the 
various radio services. 



fig. 3. Ramp generator used to control the high-frequency oscillator. The tuning ramp is derived from a 566 function generator 
and a pair of 74191 up/down counters which drive an 8-bit digital/analog converter. All DIP packages are shown as viewed from 
the bottom. 


tain amount of redundancy, since the TENS, UNITS, 
and TENTHS MHz displays always agree with the 
decimal numbers programmed into the thumbwheel 
windows. This verifies that the receiver has indeed 
responded correctly to the command. If an invalid 
command is entered, such as 1.5 MHz, for example, 
the audio output and display are gated off until such 
time as a valid command is programmed. 


The programmable receiver described here is also 
designed for general coverage, although the model I 
built covers selected portions of the high-frequency 
spectrum. It is a double-conversion system with the 
first i-f above and the second i-f below the tuning 
range. The choice of 32 MHz as the first i-f places the 
first local oscillator (hfo) between 33.8 and 61.9 
MHz; therefore, the image band is between 65.8 and 
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HIgh-frequancy oscillator module. The band-sslact signals 
are connected through the DIP socket. 


93.9 MHz. Although this choice may not be optimum 
in terms of possible interference from local TV or fm 
stations, the tuned front-end rf circuitry provides suf¬ 
ficient image rejection so that this kind of problem 
has not been encountered, even though I live near a 
major metropolitan area. 

To adequately describe the programmable nature 
of this receiver, it is first necessary to explain the 
block diagram shown in fig. 1. The front end in¬ 
cludes an rf amplifier and first mixer. The rf input sig¬ 
nal is up-converted to the first i-f, which has a pass- 
band covering 31.9 to 32 MHz. The hfo signal is 
derived from the frequency synthesizer and operates 
from 33.8 to 61,9 MHz. The vfo for the second con¬ 
verter tunes continuously between 30350 and 30250 
kHz to down-convert the 32-MHz signals to 
1650 kHz, 

The digital readout uses six seven-segment LED 
displays. The three left-hand digits respond to a 


counter driven by the hfo; the three right-hand digits 
are driven by the vfo. Programmable counters are 
used so the display corresponds to the antenna fre¬ 
quency rather than either the vfo or the hfo. The 
TENS, UNITS, and TENTHS of MHz are selected by 
the setting of the thumbwheel. The TENS, UNITS, 
and TENTHS of kHz digits read from 0.00 to 99.9 as 
the vfo knob is turned clockwise across its range. 
Thus, the thumbwheel serves as the bandswitch 
while the vfo knob bandspreads 100-kHz band 
segments. 

The first conversion scheme is described analyti¬ 
cally as follows: 

fh/o ® /i + 32000 (frequencies in kHz) 

where f s is the signal frequency at the low end of a 
100-kHz band segment. For example, if the receiver 
is tuned to 1800 kHz, the hfo will be phase-locked to 
1800 4- 32000 = 33800 kHz. The hfo setting for the 
28.0 MHz band segment would be 60000 kHz. 

The second converter down-converts the 32000 to 
31900 kHz i-f band to 1650 kHz. This requires a vfo 
that tunes from 30350 to 30250 kHz, in that order, so 
that an up-converted signal that falls within the 32- 
MHz passband will be down-converted to 1650, de¬ 
pending on the setting of the vfo. Therefore, the 
overall conversion scheme is: 

f s (low end) = f h j 0 - 1650- 30350 

fsfhigh end) = fkf 0 - 1650-30250 

For example, if the digits set into the thumbwheels 



fig. 4. Schematic diagram of the diode-switched rf amplifier. Band selection is accomplished by providing forward current to the 
1N914 diodes to short circuit portions of the inductor to ground. Similar arrangements are used in the mixer and high-frequency 
oscillator. 
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fig. 5. Circuit diagram of the digitally controlled high-frequency oscillator. Band-select logic is similar to that used in the rf amplifier and 
mixer circuits in that forward-biased diodes are used to change the value of L2. 


are 141, the hfo frequency is 46100 kHz and the vfo 
tunes from 14100 to 14200 kHz. 

Special care was given to the design of the vfo 
since it is free running and operates at a relatively 
high frequency. The design goal was for less than 
±2 kHz drift during the first ten minutes of warmup, 
and less than ± 100 Hz thereafter. Short-time drift 
and phase jitter were reduced to negligible values by 
careful bypassing and post regulation of the power 
supply. 

A series of experiments were performed which 
were aimed at synthesizing the vfo, to provide it with 
10-Hz steps in conjunction with a front-panel tuning 
knob. However, the approach using continuously 
variable vfo tuning was selected because of its infi¬ 
nite resolution which gives the operator that 
"smooth" feel. The ten-turn potentiometer used for 
vfo tuning gives more than adequate resolution, and 
allows ssb signals to be tuned in quickly and easily. 
One turn of the vfo knob represents 10 kHz of tuning 
range. The RIT control was added primarily for use in 
net operation. 

The i-f circuits following the second mixer are fairly 
conventional, with the possible exception of the 
AM3705 analog multiplexers, which are used for 
mode switching. Changing modes is accomplished 
with a front-panel switch that outputs 3-bit binary 
words to drive the multiplexers located at appropriate 
places in the receiver. These multiplexers perform 
such functions as bypassing the ssb filter when oper¬ 
ating a-m, selecting the upper or lower sideband bfo 
crystal, and inserting the narrow CW crystal filter 
into the rf chain in the CW mode. While the switch¬ 
ing functions are illustrated on the block diagram by 


conventional switch symbols, all switching is actually 
done by binary control from the panel. 

The i-f amplifier is a Motorola MC1590G which 
drives MC1596G product detector. This combination 
is ideal because it allows a single product detector to 
be used for a-m, ssb, and fm. The 1590 provides 
more than 60 dB of age. In this receiver the age range 
is extended by using delayed age on both the rf and 
i-f preamplifier stages, the longest delay being asso¬ 
ciated with the rf stage. 

The age voltage is tapped off the age amplifier and 
fed to an op amp; the op amp drives both the delayed 
age circuits as well as the S-meter. This approach 
provides a simple way of using a 0-1 mA meter as the 
S-meter. Calibration of the S-meter was accom¬ 
plished by inserting a Kay attenuator in the i-f circuit, 
feeding a signal to the antenna, and recording the 
deflection of the S-meter for various attenuation 
values. Full scale is adjusted by a potentiometer on 
the op-amp output, while zero is set by removing the 
antenna and adjusting the age gain control associat¬ 
ed with the MC1590. 

A GE PA-237 integrated circuit is used as the audio 
amplifier; this drives a small speaker behind the panel 
of the 1650 kHz deck. This is an optional feature 
which admittedly was added for esthetic purposes to 
balance the front panel arrangement. Generally the 
output of the product detector is used to directly 
drive a stereo amplifier, although the built-in speaker 
allows the receiver to be used independently. 

That part of the overall functional block diagram 
(fig. 1) which is inside the dotted lines belongs to the 
32-MHz deck. It is primarily involved with the count¬ 
ers and display, the hfo and vfo, and the digital inter- 
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face. The balance of this article will concentrate 
primarily on the details of these circuits, which col¬ 
lectively are the heart of the frequency synthesizer. 

function of the counter 

The counter plays an important role in controlling 
the hfo frequency, and it also provides the outputs to 
drive the display. Fig. 2 is a block diagram which il¬ 
lustrates the basic scheme, but for clarity some of 
the functional circuits have been omitted. For exam¬ 
ple, DIP switches mounted on the counter board are 
used to program the TENS, UNITS, and TENTHS MHz 
counters. Only one set of these switches is shown in 
fig. 2. Logic inputs such as GATE, LOAD, and RESET 
circuits have been omitted. An excellent article by 
WB2DFA, which appeared in ham radio 2 , illustrates 


many of the counter, logic, display, and time base 
generator circuits, some of which are used in this 
programmable receiver. Wiring diagrams of some of 
the more sophisticated up/down programmable 
counters will be described later. An article by Phillip 
Rand, W1DBM, in GST 3 is recommended if you 
want a better understanding of these circuits. 

For the receiver described here to work properly, it 
is necessary that the hfo be phase locked to harmon¬ 
ics of 100 kHz derived from the 1.0 MHz clock. It is 
absolutely essential that the hfo be locked to the cor¬ 
rect harmonic or line number. This is automatically 
accomplished by means of a ramp which tunes the 
hfo to within a few kHz of the correct spectral line. 
By definition, the hfo is part of a frequency synthe¬ 
sizer that has the capability to output any one of 281 


BAND -* 1.8-2 3-4 7-8 9->0 


14-15 15-16 21-22 27-28 


28-29 29-30 MHi 


DECIMAL OUTPUT-* 01 03 07 09 14 1 5 21 27 28 29 NOT USED 



TENS UNITS TENTHS MHt 


fig. 6. Digital band selector circuit provides binary commands for coil switching in the rf amplifier, mixer, and high-frequency oscillator. To 
maintain circuit tracking, the same voltage ramp is used to tune all three circuits. 
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table 1. Low band edge high-frequency oscillator (hfo) 
frequencies. 


input signal 

hfo 

frequency 

frequency 

(MHz) 

(MHz| 

28.00 

60.00 

27.00 

59.00 

21.00 

53.00 

15.00 

47.00 

14.00 

46.00 

9.00 

41.00 

7.00 

39.00 

3.00 

35.00 

1.80 

33.80 


frequencies between 33.8 and 61.9 MHz. Specifical¬ 
ly, these are 33.8, 33.9, 34.0, ... 61.7, 61.8, and 61.9 
MHz, In the breadboard receiver I built, 91 of these 
outputs are available, corresponding to a total fre¬ 
quency coverage of 9200 kHz. It is not difficult to 
modify the system to include additional bands or to 
change existing bands to cover other frequency 
ranges. 


binary numbers counted, the ramp is inhibited. At 
this time, the hfo is close enough to the desired 100- 
kHz line that there can be no ambiguity. In theory, 
the frequency error immediately prior to lock-up is 
never more than 6.19 kHz, although in practice it 
may be slightly larger. Fig. 2 includes functional 
blocks which illustrate how coarse tuning is accom¬ 
plished in association with the display counter. Note 
that the third comparator which is associated with 
the HUNDREDTHS hfo MHz is hard wired to respond 
to zero. This counter stage is not associated with the 
display. 

The tuning ramp is derived from a 566 function 
generator and a pair of 74191 up/down counters 
which drive an 8-bit DAC (digital to analog conver¬ 
ter). The DAC provides infinite memory. When the 
ramp is interrupted, the ramp voltage corresponding 
to the value needed to coarse tune the hfo is retained 
indefinitely, or until a new frequency is programmed. 
Fig. 3 is a schematic diagram of the ramp generator. 
Up/down and inhibit logic signals are derived from 
the cascaded comparators. With this approach, it is 



BAND - 
SELECT 
DIODES 


OF SN74)Z8'S (FI& 6) 


fig. 7. Schematic showing the use of 7408 two-input AND gates to drive the switching diodes in the rf amplifier and mixer cir¬ 
cuits to reduce fan-out loading on the 74128 drivers in the band selector (fig. 6). Since the same tuning ramp controls the control 
signals to the hfo, mixer, and rf amplifier, tracking is maintained. 


The key to synthesizer operation is the combina¬ 
tion of programmable hfo counters and associated 
comparators. An 8-bit number is fed to the UNITS 
and TENTHS MHz comparators from the front panel 
thumbwheels when the desired frequency is dialed. 
A voltage ramp is enabled which tunes the hfo in the 
direction of the dialed frequency. When coincidence 
occurs between the binary numbers dialed and the 


not possible for the hfo to lock to any 100 kHz line 
other than the correct one. A momentary interrup¬ 
tion of power, or any other condition that unlocks 
the hfo, causes a repeat of the phase lock action. 

front end tuning 

A schematic diagram of the rf amplifier is shown in 
fig. 4. The rf coils are wired in series with 1N914s 
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fig. 8. Functional block diagram of the phase-locked loop used in the receiver. The hfo provides one of two signals to the phase 
detector; the other input from the spectrum generator provides 100-kHz signals throughout the hfo tuning range. Loop band¬ 
width is about 10 kHz. 


located at coll junctions which provide short circuits 
to ground. A particular band is selected by providing 
forward current to one of the diodes by band-select 
logic circuits which will be described. The rf circuit is 
typical of the mixer and the hfo, each having similar 
band selecting diodes. The ramp which tunes the hfo 
is also used to tune the rf and mixer coils. 

hfo tuning and control 

Since the hfo operates at a much higher frequency 
than the rf and mixer stages, rather than using separ¬ 
ate coils for each band, a single coil wound with no. 
14 (1.6 mm) tinned wire is used as shown in fig. 5. 
The inductance is self-supporting except for a poly¬ 
ethylene foam strip which is glued to one side of the 
coil with epoxy cement to make it rigid. The switch¬ 
ing diodes are soldered to the coil at appropriate 


locations. Because of the inductance of the diode 
leads and the manner they are dressed away from the 
hfo coil, the correct diode locations are found by cut 
and try at first, those corresponding to the highest 
frequency bands being most critical. Each tap is ad¬ 
justed so that lock up occurs with a ramp voltage of 
approximately 4.0 volts at a frequency corresponding 
to the low end of the particular band. Table 1 lists 
the low end hfo frequencies corresponding to each 
of the 1.0 MHz bands in the receiver. 

Start by dialing 28 MHz, and adjust the inductance 
of LI until the hfo locks up at 60000 kHz with approx¬ 
imately 4.0 volts of ramp. Next, with 27 MHz pro¬ 
grammed, adjust the position of the 27 MHz diode on 
L2 until lock up occurs with about 4 volts of ramp. 
Repeat this process, proceeding toward the 160- 
meter band. An auxiliary counter can be used to con- 
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fig. 9. Spectrum generator used in the phase-locked loop (fig. 8) to generate narrow pulses spaced 190 kHz apart. 
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firm that the hfo locks up at the proper frequencies. 
If the hfo counters are properly programmed, the 
digital readout will agree with the thumbwheel 
numbers. 

programming the counters 

The TENS and UNITS MHz hfo counters are pro¬ 
grammable. Two sets of DIP switches mounted on 
the back of the counter board contain the program¬ 
ming switches. Four of these switches are used to 
program each hfo counter stage. 

Each counter can be programmed to initiate its 
count at any number from zero through 9. This is a 
means of advancing each digit to agree with the cor¬ 
responding antenna frequency digit. If the hetero¬ 
dyne scheme described here is used, the TENS MHz 
counter should be programmed to 0111 (7) and the 
UNITS MHz stage for 1000 (8). The TENTHS MHz 
stage is hard wired to 0000 (zero). 


The TENS kHz vfo counter is programmed for 0101 
(5) while the UNITS and TENTHS kHz stages are hard 
wired for zero. In some heterodyne schemes, such as 
one which uses a 455 kHz i-f, the UNITS kHz stage 
should also be programmable. 

band-select logic 

The traditional way to change bands and select 
signals is by means of mechanical devices such as 
multi*wafer switches and ganged variable capacitors, 
although some CB and 2-meter receivers have 
employed frequency synthesizers for channel selec¬ 
tion. More recently, high-frequency receivers have 
come on the market which use frequency synthesiz¬ 
ers and digital displays. These are relatively expen¬ 
sive, but ultimately most high-frequency receivers 
will be manufactured this way- 

Equipment for CB and 2 meters covers relatively 
narrow frequency bands. For example, a 40-channel 
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TO HFO 
TUNING 
VARACTOR 


fig 10. Parametric phase detector developed by WA9HUV. The circuit uses a pair of fast complementary switching transistors to 
provide the required phase inversion without transformers. The gain of the 741 op amp is set at about 15 dB. 
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fig. 11. Unusual antenna trimmer circuit 
used in the receiver maintains tracking 
with the rf amplifier and mixer circuits. 
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CB receiver covers a frequency band having a high to 
low frequency ratio of about 1.6 per cent. By 
contrast, the high-frequency portion of this program¬ 
mable receiver covers 33 per cent of the high-fre¬ 
quency band between 1.8 and 30 MHz. The tech¬ 
nique of band changing through front panel thumb¬ 
wheel switches, together with band-selecting 
diodes, allows a wide range of frequencies to be cov¬ 
ered with relative ease. 

The binary commands not only perform the rf, 
mixer, and oscillator coil switching function, but they 
program the comparators as well. A pair of SN74141 
BCD to decimal decoder drivers and three SN74128 
current drivers are used to provide TENS and UNITS 
MHz band-switching logic signals. The circuit of fig. 
6 shows how this is done. Note that the TENS 74141 
provides a MHz logic output of 0, 10, or 20. The 
UNITS MHz 74141 provides a logic signal output cor¬ 
responding to any number between zero and nine. 
The 74128s are current sources which are wired so 
that any one of 12 possible sets of coil selections can 
be made, although only ten of these are used. 

To select 80 meters, for example, 03 is dialed. This 
provides BCD logic signals which turn on the 03 
driver. The current supplied from this driver forward 
biases the appropriate 1N914 hfo diode, thus select¬ 
ing the hfo coil corresponding to the 3.0 to 4.0 MHz 
band. Assuming 3500 kHz (035) is programmed, the 
ramp tunes the hfo until its frequency reaches 35500 
kHz where it becomes phase locked. The vfo now 
tunes the band segment, 3500 to 3600 kHz. 

The same 74128 logic signals are used indirectly to 
select the 3.0 to 4.0 MHz rf and mixer coils. SN7408 
quad two-input AND gates driven from the 74128s 
supply current to the front end coil diodes to reduce 
fan out loading on the 74128s, as shown in fig. 7. 

Note that the rf and mixer coils are tuned with the 
same ramp that tunes the hfo. This is how the rf and 
hfo circuits are made to track; details will be given 
later. 


phase-locked loop 

Having developed a way to coarse tune the hfo, 
the task of phase locking the hfo to the correct har¬ 
monic of 100 kHz becomes a relatively simple matter. 
Fig. 8 is a block diagram which illustrates a second- 
order phase-locked loop such as the one employed 
here. The hfo, which is part of the closed loop, pro¬ 
vides one of two signals for the phase detector. The 
other input to the phase detector is external to the 
loop and includes a spectrum of signals spaced 100 
kHz apart. This spectrum extends across the hfo fre¬ 
quency range from 33.8 to 61.9 MHz. 

The bandwidth of the closed phase-locked loop is 
limited to about 10 kHz so that there can never be an 
ambiguity between line selection. The loop can rec¬ 
ognize only one line at a time, in spite of the fact that 
there are at least 281 individual sine-wave signals fed 
into the phase detector from the spectrum generator. 
Since it is not necessary to provide a way for select¬ 
ing individual spectral lines, the spectrum generator, 
illustrated in fig. 9, is quite simple and consists of on¬ 
ly a single transistor and a few discrete components. 

The crystal clock and decade divider are part of the 
time-base generator. The 2N3563 transistor serves as 
a very fast switch which provides very narrow (16 ns) 
pulses to the phase detector. These narrow impulses 
include fairly uniform distribution of individual sine- 
wave signals extending from 100 kHz to well above 
60 MHz. R-C coupling circuitry is arranged to reject 
most of the unneeded signals below 33 MHz; pulse 
shaping and parasitic capacitance causes the ampli¬ 
tudes of these signals to roll off rapidly above 60 
MHz. It is necessary to shield the spectrum generator 
to prevent these signals from getting into the front 
end of the receiver. Otherwise, they will appear as 
markers at each end of each band segment. 

phase detector 

A survey of the various types of PLL ICs available 
to perform the phase detection function was disap- 
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table 2, Tuning voltage for the front end and high-frequency 
oscillator. 


input 

tuning 

hfo 

tuning 

frequency 

voltage 

frequency 

voltage 

(kHz) 

(volts) 

(MHz) 

(Volts) 

7000 

4.00 

39.0 

4.00 

7100 

4.51 

39.1 

4.25 

7200 

5.09 

39.2 

4.53 

7300 

5.75 

39.3 

4.85 

7400 

6.47 

39.4 

5.20 

7500 

7.29 

39.5 

5.60 

7600 

8.1 1 

39.6 

6.00 

7700 

9.14 

39.7 

6.50 

7800 

10.16 

39.8 

7.00 

7900 

11.40 

39.9 

7.60 

21000 

4.00 

53.0 

4.00 

21100 

4.16 

53.1 

4.20 

21200 

4.32 

53.2 

4.40 

21300 

4.50 

53.3 

4.64 

21400 

4.65 

53.4 

4.82 

21500 

4.86 

53.5 

5,09 

21600 

5.08 

53.6 

5.36 

21700 

5.30 

53.7 

5.64 

21800 

5.55 

53.8 

5.95 

21900 

5.80 

53.9 

6.27 


pointing in terms of the requirements imposed by the 
programmable receiver. In many cases frequency 
response was the limiting factor — in others the cost 
was too high. Some earlier PLL chips that might 
have had promise were no longer available; more 
recent types are not only expensive, but also require 
considerable peripheral circuitry. I decided to settle 
fora homebrew design. 

The phase detector used for the phase-locked loop 
is an original circuit which I developed. It uses a pair 


of fast complementary switching transistors which 
perform the required phase inversion without the 
need for transformers. This makes the circuit simple 
and very broadband as well. The circuit is shown in 
fig. 10. The complementary transistors would nor¬ 
mally produce zero output, since the transistors are 
complementary and one output is 180° out of phase 
with the other. However, the hfo signal, which has a 
relatively large peak-to-peak amplitude, modulates 
the transistor collectors. If the relative phase of the 
hfo is other than 90° relative to the reference signal, 
one of the outputs tends to be suppressed while the 
other is enhanced. For this reason, the phase detec¬ 
tor is referred to as a parametric phase detector. The 
hfo is the element that controls the amplitudes of the 
other two signals. The amount of unbalance depends 
on the relative phase of the hfo signal and the refer¬ 
ence signal. When that angle is 90°, the outputs are 
equal and cancel. 

The input to the Schottky diode acts as a common 
summing junction for the three signals: the zero ref¬ 
erence, the 180° reference, and the hfo. If the output 
of the detector is plotted as a function of the phase 
angle, a discriminator type of curve results. Note that 
the phase detector curve sits on top of a pedestal 
which results from rectification of the relatively large 
hfo signal. This is unimportant since it is compen¬ 
sated for by the offset potentiometer associated with 
the op amp at the phase detector output. Further¬ 
more, the offset adjustment allows the voltage for 
the tuning varactors to be set to the proper value for 
the low end of each hfo band. 

When the hfo is not locked the output of the phase 



fig. 12. Simplified diagram of the cascaded comparators and their output filtering. This circuit provides the ramp sweep stop and 
directional steering commands to the 74191 up/down counters in the ramp generator (fig. 3). 
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detector is a sine wave at a frequency equal to the 
difference between the reference signal and the hfo. 
Lock up occurs almost instantaneously and is diffi- 
cult to see on an oscilloscope. 

The gain of the op amp is set to about 15 dB. If the 
phase-locked loop has a tendency to oscillate, the 
gain of this stage can be reduced by lowering the 
value of the 220k feedback resistor. It is not recom¬ 
mended that any of the other component values in 
the phase detector be changed. 

spurious signals 

In spite of care in shielding the spectrum genera¬ 
tor, it was necessary to shield the rf section of the 
receiver carefully and to apply bypassing capacitors 
rather extensively at each terminal of the DIP power 
connector and at the BCD inputs to reduce these sig¬ 
nals to levels below the ambient antenna noise. 

Spurious signals which were much more difficult 
to control resulted from products of the hfo and vfo. 
Even though these signals are applied to separate 
mixers and are not intended to be associated, both 
the hfo and vfo signals are converted to TTL compat¬ 
ible levels in the counter where intermixing and har¬ 
monic generation results. These spurs can be classi¬ 
fied as follows: 


frequency to hfo 
be displayed frequency 


01800 

02000 

03000 

04000 

05000 

06000 

07000 

08000 

09000 

10000 

11000 


16000 

17000 

18000 

19000 

20000 

21000 


26000 

27000 

28000 

29000 


33800 

34000 

35000 

36000 

37000 

38000 

39000 

40000 

41000 

42000 

43000 


48000 

49000 

50000 

51000 

52000 

53000 


FROM + 5V 



58000 

59000 

60000 

61000 

II— 


TENS MHz COUNTER IS 

programmed for out 17) 

EXCEPT WHEN UNITS MHz 
IS A ONE OR A ZERO. 


Programmed to advance 8 (1000) 
Programmed to advance 7 (0111) 


M(vfo) - N(hfo) = 1650 kHz 

The strongest spur occurs where Af=2 and N=-1 
at 27025 kHz. A smaller spur occurs at 14330 kHz 
where Af=i and N=2; a relatively weak spur was 
found at 7012.5 kHz where 4 and 3. 

The ideal way to eliminate these spurious signals is 
to install a bandpass filter between the first mixer 
output and the second mixer input. This filter should 
cover a band from 31.9 to 32.0 MHz and should have 
sharp skirts. Some excellent filter design articles are 
included in the list of references. 4 * 5 

antenna trimmer 

The circuits associated with the antenna trimmer 
bear little resemblance to conventional antenna trim¬ 
ming circuits. However it is a very effective tech¬ 
nique which has the added advantage that tracking 
between the hfo and the rf circuits is accomplished at 
the same time. 

The voltage ramp that tunes the hfo is also fed to 
the rf and mixer tuning varactors. A front panel 
potentiometer control serves as the antenna trimmer. 
It operates in conjunction with the circuit described 
in fig. 11 which includes a pair of op amps. 6 

The way in which the antenna trimmer works is 
best illustrated by an example. First, set the thumb¬ 
wheels to select 7.0 MHz (070). The ramp voltage 


fig. 13. Logic correction circuit which resolves a minor prob¬ 
lem with the TENS MHz counter. When an 8 or 9 is pro¬ 
grammed. the TENS MHz counter and corresponding dis¬ 
play advances one extra digit because the TENS MHz digit 
advances. An example is given in the text. 


corresponding to the low end of each band is approx¬ 
imately 4.0 volts, which is the value required to phase 
lock the hfo to 39000 kHz. As can be seen in table 2, 
as the hfo is incremented from 39000 to 39900 kHz 
(which tunes the receiver from 7000 to 7900 kHz), its 
tuning voltage increases from 4.0 to 7.6 volts. Based 
on the sizes of the varicaps used and the total circuit 
capacitance, the rf and mixer varicaps require a tun¬ 
ing voltage range of 4.0 to 11.4 volts to tune from 
7000 to 7900 kHz. Thus, the change in ramp voltage 
for the front end must be amplified by the op amp by 
a factor of 2.055 to achieve tracking with the hfo. 

The situation is different in the 21000-21900 kHz 
band where the hfo tuning ramp varies from 4.0 to 
6.27 volts. However, the rf and mixer circuits only 
need a variation of 4.0 to 5.8 volts. Therefore, for 
the amateur 15-meter band, the ramp slope must be 
amplified by a factor of 0.7929. The antenna trimmer 
control automatically makes this gain adjustment 
when it is adjusted for resonance or maximum signal 
strength. The 5k pedestal control is set to provide 4.0 
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Construction of the module containing the spectrum gener¬ 
ator (left), phase detector (center), and ramp generator 
(right). 


volts output corresponding to the low end of each 
band. Once this adjustment has been made, it does 
not have to be readjusted. 

front end alignment 

The antenna trimmer circuit provides a convenient 
way to align the front end coils. Start the alignment 
with 10 meters and proceed in numerical order down 
to 160 meters. This will avoid interaction between 
coil inductance settings. The pedestal potentiometer 
is first set for 4.0 volts output corresponding to the 
low end of the band. The front end coils are then 
aligned. Next, the high end of the band is programmed 
by means of the thumbwheel switches and the 
antenna trimmer is adjusted for maximum rf gain. 
Without changing the setting of the antenna trim- 
mer, realign the rf coils at the low end of the band. 
Again, check the antenna trimmer setting at the high 
end. Several iterations of this kind are required until 
the inductance of the coils is set so that tracking is 
achieved without having to radically change the 
antenna trimmer setting when going from the low to 
high end of the band. 

The same procedure is repeated for each of the 
other bands. Once the coils have been aligned in this 
manner, very little adjustment of the trimmer should 
be required after the initial adjustment when a new 
band segment is selected. 

comparators 

The ramp sweep stop and directional steering 
commands are derived from the three hfo compara¬ 
tors as previously explained. Sweep control is 
accomplished by cascading the SN7485s as shown in 
fig. 12. Since the 74191 up/down counters in the 
ramp circuit need only a single up/down command, 
pin 5 of the 191s are tied high. However, when the 
ramp is enabled, if the up/down logic level is low, the 
counters count up, which increases the ramp vol¬ 
tage. Therefore, the MORE THAN cascaded output of 


the 7485s is connected to pin 5 of the 191s. The 
EQUALS output which stops the ramp is high only 
when all of the 12 counter bits agree with the bits pro¬ 
grammed, including the hard wired HUNDREDTHS 
MHz bits. 

Since the counters operate in two modes, namely 
COUNT and DISPLAY, the bits are changing during 
the COUNT mode, causing the comparators to output 
fluctuating logic data. To overcome this problem, 
both of the cascaded comparator outputs are 
modified to provide suitable output logic sig¬ 
nals. These relatively simple circuits are shown in fig. 
12. Because of the requirement to filter these control 
signals, there is a finite delay between comparator 
coincidence and application of the logic commands. 
This sets an upper limit to the ramp sweep rate 
because some overshoot of the hfo frequency 
results. If the sweep rate is too fast, overshoot will be 
sufficient to change the comparator output signals 
before the sweep circuit is stopped, which means 
that the sweep lock circuit will keep oscillating and 
lock up will never occur. 

A total ramp sweep interval of about two to four 
seconds is satisfactory. Only when changing bands is 
there any noticeable delay in hfo lock up. When 
incrementing the thumbwheel switches from one 
band segment to another, there is no noticeable 
delay. 

There is a trivial problem that is related to the TENS 
MHz counter. Whenever either an8 or 9 MHz is pro¬ 
grammed, the TENS MHz counter and corresponding 
display advances one extra digit because the corre¬ 
sponding TENS MHz digit advances. To avoid this 
problem, the simple logic circuit shown in fig. 13 is 
used. This circuit prevents the TENS MHz counter 



FORWARD CURRENT, tr,A 

fig. 14. Resistance of a forward-biased 1N914 diode at 1 kHz, 
as measured with a GenRad 1650B impedance bridge. Diode 
resistance is important because it affects the £> of the tuned 
circuits used in the receiver. 
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fig. 15. Diagram of the ssb mode 
select used in the receiver. This is 
typical of the analog multiplexing 
circuits operated from the front* 
panel. 
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from advancing whenever the UNITS hfo digit is a 
one or a zero. When dialing 27.0 MHz, for example, 
the hfo frequency is 59 MHz, but when 28 MHz is 
dialed, the hfo advances to 60 MHz. This change in 
the most significant digit from 5 to 6 would normally 
advance the display from 27 to 38. The logic circuit of 
fig. 13 solves this problem. 

switching diodes 

As previously explained, 1N914 diodes are used for 
front end and hfo coil switching. This approach was 
found to be both simple and effective. It should be 
recognized, however, that the forward resistance of 
the diode has a tendency to reduce the Q of the tuned 
circuits. To minimize this effect, the L/C ratio of the 
front-end coils has been made as large as possible. 
Fig. 14 shows the diode resistance as a function of 
forward current. Note that the resistance drops to 
about 6 ohms at a current of 40 mA, and any further 
increase in current has a small effect on resistance. 
Some simple calculations show that with a circuit 
capacitance of 20 pF at 28 MHz, if the loaded circuit 
Q is 50 without the diode, it drops to 23 with the 
diode; this both increases the rf bandwidth and 
reduces gain. It was found that £) and gain could be 
increased to acceptable levels if parallel-connected 
diode pairs were used with the 10-meter coils. 

The effect of the switching diodes is less pro¬ 
nounced on the lower bands (it is practically negligi¬ 
ble at 1.8 MHz). It is possible to control front-end 
gain so that it is nearly the same on all bands by 
adjusting the currents in the diodes. 

mode-select circuitry 

The circuit of the ssb mode-select circuit is shown 
in fig. 15. This is typical of each of the analog multi¬ 


plexing circuits operated from the front-panel mode 
switch. While only five outputs are used, the switch 
has 8-pole capability. 

summary 

The development of this programmable receiver 
was a much more formidable task than I originally 
envisioned. The receiver as it exists presently repre¬ 
sents a first phase effort, and much yet remains to be 
done in terms of refinement. The basic idea has been 
proven to be sound, however, and the result is a high 
performance breadboard receiver of advanced 
design. 

It is hoped this article will provide other experimen¬ 
ters with new ideas and incentives to try their hand at 
something radically new. Additional circuit details 
can be made available to those hearty experimenters 
who are interested in duplicating this receiver in part 
or as a whole. Please send me a self-addressed, 
stamped envelope for further details. Readers' sug¬ 
gestions and constructive criticism are welcomed. 
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super low-noise 

432*MHz preamplifier 


Construction of a 
low-noise bipolar transistor 
preamplifier which offers 
0.8 dB noise figure 
with 15 dB gain 

The heart of any successful moonbounce (EME) 
system is the low-noise preamplifier which precedes 
the receiving converter. On 144 MHz, an overall sys¬ 
tem noise figure of less than 1.0 dB seldom increases 
receiver sensitivity significantly because of the high 
sky noise temperatures of 300° to 400° K. On 432 
MHz, however, sky noise temperatures of 10° to 20° 
K are possible; this means that decreasing the overall 
system noise figure below 1 dB significantly im¬ 
proves receiver sensitivity. 

Until recently the popular Fujitsu FJ203 and the 
Fairchild FMT4575 bipolar transistors have yielded 
the lowest noise figures at 432 MHz — typically 1.25 
dB. The Texas Instruments MS2110, although not as 
well known, also produces noise figures as low as 1,1 
dB at this frequency. Shigeru Sando, JH1BRY, 
introduced an excellent 432-MHz preamplifier using 
NEC's V244 GaAs fet which opened the eyes of 
many moonbouncers. 1 With its impressive 0.6-0.7 


•The device is manufactured by the Nippon Electric Company {NEC! in 
Japan and is being marketed by California Eastern Laboratories {CELL Post 
Office Box SI5, One Edwards Court. Burlingame, California S40T0. Cost is 
$17 each in quantities of 1-9, decreasing to $15 each for quantities of 10-99. 


dB noise figure, it beat everything else at the noise- 
figure contests. However, its cost of $120 makes it a 
luxury for most amateurs. 

Recently NEC introduced a new bipolar device, the 
NE64580, which is rated at 0.8 dB noise figure at 500 
MHz. At $92 each, it appeared to be a mighty com¬ 
petitor to the V244. Even better, the people at NEC 
came out with the NE64535 at a cost of only $17 in 
single quantities;* it is rated at 1.6 dB noise figure at 
2 GHz with an fj of 8.5 GHz. At 500 MHz, the 
NE64535 has a rated noise figure of 0.8dB. 

The NE64535 uses the same chip as the NE64580 
but is mounted in a less expensive hermetically 
sealed Micro-X package. This article discusses the 
design of a 432-MHz preamplifier that uses this 



I Construction of the low-noise 432-MHz preamplifier, show¬ 
ing the placement of the stripline resonator. Output connec¬ 
tor J1 is to left; input SMA connector is partially hidden by 
the piston capacitor Cl. 

By Al Ward, WB5LUA, RR2, Box 65A, 
McKinney, Texas 75069 
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device to obtain measured noise figures as low as 0.8 
dB. The original design was based on the more 
expensive NE64580, but identical results have been 
achieved using the NE64535. 

At the 1977 convention of the Central States VHF 
Society in Kansas City, Missouri, this preamplifier 
measured only 0.1 dB higher noise figure than the 
V244 GaAs fet entered by K2UYH; all other bipolar 
entries had approximately 0.3 to 0.4 dB higher noise 
figures. At 432 MHz, this decrease in noise figure 
over other bipolar devices results in a significant in¬ 
crease in receiver sensitivity. 

Since I was intrigued by the fact that Shigeru 
Sando was able to use a parallel tuned circuit on the 
input to his V244 preamplifier and still achieve a low 
noise figure, I decided to try something similar. I 
wanted to obtain a low-loss match for minimum 
noise figure and still achieve adequate selectivity so I 
wouldn't require an external cavity. 

The final design uses a parallel tuned circuit with 
capacitive coupling on the input (fig. 1). To minimize 
circuit losses I used a low-loss microstrip line rather 
than a lumped inductor. Resistive loading is used on 
the output and will be discussed later. I am presently 
using this preamplifier without an external cavity and 
have experienced no problems with intermodulation. 
Since the preamplifier is capacitively coupled at the 
input, greater rejection of unwanted signals will oc¬ 
cur below 432 MHz. When the preamplifier is adjust¬ 
ed for minimum noise figure at 432 MHz, 10 dB of 
rejection is typically obtained at 200 MHz, 26 dB at 
100 MHz, and 40 dB at 50 MHz. In all but the worst rf 
environments this should be adequate. 

At my location, for example, a broadband FJ203 
preamplifier cannot be used without a cavity, 
whereas the NE645 preamplifier has given no prob¬ 
lems at ail (my location is within 15-20 km of fm and 
TV transmitting antennas). If external filtering is re¬ 
quired, a cavity filter with 0.2 dB loss described by 
Joe Reisert 2 will increase the noise figure to only 1 .0 
to 1.2 dB, which is still a worthwhile improvement. 

design 

Lacking any sort of tables describing the optimum 
source impedance required for minimum noise fig¬ 
ure, I initially designed the input circuit for maximum 
gain using the published 5 parameters for the device. 
The input circuit was then optimized for lowest noise 
figure with a Hewlett-Packard HP-342A automatic 
noise figure meter. The resultant circuit uses a micro¬ 
strip line with a characteristic impedance of 70 ohms. 

An attempt was made to tune the output circuit to 
increase selectivity, but, as expected, completely 
stable operation was not obtained. As with most 


microwave bipolar transistors operated in this fre¬ 
quency range, maximum available gain is so high 
that oscillations are common. Stable operation of 
this device was finally achieved with resistive load¬ 
ing. This method of stabilizing 432-MHz preamplifiers 
was suggested in an earlier article on the FMT4575 . 2 
However, the selection of the 100-ohm collector re¬ 
sistor was not arbitrary; in addition to stabilizing the 
preamplifier, it also serves to provide a better match 
to the post-amplifier. Resultant output vswr of this 
preamplifier should be less than 2.0:1. When using a 
post-amplifier with a variable match at the input, no 
problems have been incurred in obtaining stable 
operation. 

While optimizing noise figure, I required some 


R3 R4 RS ih9I4 



Cl 0.8-16 pF air variable (Johanson 5200 series) 

C2 0.8-10 pF air variable (Johanson 5200 series) 

C3 1000-pF mica or ceramic disc I not critical) 

CR1 1N914 or 1N4148 silicon diode 

CR2 9.1-volt zener (1N757) 

FT1-FT3 470-1000 pF feedthrough capacitors 
J1 SMA coaxial connector 

J2 8NC coaxial connector 

LI microstrip line 15 mm (0.6 in.) wide, 53 mm (2.1 in.) 

long, mounted 5 mm {0.2 in.) above chassis 
RFC1 0.39-^tH miniature rf choke 

fig. 1. Schematic diagram of the low-noise preamplifier for 
432 MHz; typical noise figure is less than 1.0 dB. The 
NE64535 transistor is manufactured by Nippon Electric Com¬ 
pany (NEC) and costs $17 in small quantities. 

method of varying the dc bias conditions to deter¬ 
mine their effect on noise figure. The bias circuit I 
used allows optimization of both V CE and 1 q for mini¬ 
mum noise figure by varying resistors R2 and R5. 
This method uses both voltage feedback and a con¬ 
stant base current source to ensure dc stability.3 
(Bias circuit design using this arrangement is dis¬ 
cussed on page 39.) 

The data sheet for the NE64535 specifies V CE = 8.0 
volts at i c = 7.0 mA. It was found experimentally that 
minimum noise figure at 432 MHz occurs at a Vqe of 
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fig. 2. Combination bias tee/PIN diode switch used to oper¬ 
ate separate preamplifiers for 432-MHz EME and tropo. The 
PIN diodes (CR1 and CR2} are Microwave Associates type 
MA47110. 

6.0 volts with I c approximately 4-5 mA. The new 
operating conditions decreased noise figure by about 
0.2 dB. Although not as critical as the input match, 
the dc operating conditions can also be optimized for 
lowest noise figure at a particular operating fre¬ 
quency. 

Zener diode CR2 was incorporated mainly to pro¬ 
tect the collector-emitter junction, since the device 
has a maximum V CE rating of only 12 volts. Not only 


table 1. PIN diode switch performance on 
three vhf amateur bands. 

insertion 

frequency loss isolation 

144 MHz 0.25 dB 22 dB 

220 MHz 0.60 dB 20 dB 

432MHz t.20 dB 16dB 

does it protect the device as you optimize bias condi¬ 
tions, but it also protects the transistor from tran¬ 
sients that may be present on the 12-volt supply line. 

For maximum effectiveness, the preamplifier 
should be mounted at the antenna. With RFC1 in¬ 
stalled in the circuit, -f 12 volts can be conveniently 
run up the receive coax. At my station I use separate 
preamplifiers for EME and tropo operation feeding a 
common mixer, so I needed a convenient method of 
switching between preamplifiers. Since good me¬ 
chanical coaxial relays are expensive, I devised the 
combination bias tee/switch arrangement shown in 
fig. 2. The switching elements are inexpensive, read¬ 
ily available PIN diodes. 

When the PIN diodes are forward biased with 50 
mA of current, their insertion loss is slightly less than 
1.25 dB at 432 MHz. With no bias applied, the isola¬ 


tion between ports is 16 dB. Isolation is defined as 
the insertion loss to the off port. Since + 12 volts is 
switched between preamplifiers at the same time 
that the control bias is transferred, tuning interac¬ 
tions between the EME and tropo preamplifiers are 
kept to a minimum. 

The isolation can be improved by applying reverse 
bias to the PIN diode in the off port leg. The reverse 
bias decreases the diode capacitance, thereby in¬ 
creasing the isolation to the off port. The amount of 
reverse bias that can be applied is limited by the 
reverse breakdown voltage specified for the diode. 
Since a dual polarity power supply is not available at 
my station, I chose not to reverse bias the PIN diode. 
There are many versions of the PIN diode switch that 
could be used to increase isolation — but they are 
beyond the scope of this article. 

The usefulness of the PIN diode switch can be ex¬ 
tended to switching various local oscillators that sup¬ 
ply injection to a broadband double-balanced mixer 
for multiband operation. As shown in table 1 the 
combination bias tee/PIN diode switch arrangement 
performs even better at lower frequencies. The PIN 
diode used here is a Microwave Associates MA47110 
available for 99 cents in small quantities. 

construction 

The preamplifier is built in a 108 x 57 x 38 mm 
(4-1/4 x 2-1/4 x 1-1/2 inch) Minibox, which is both 
inexpensive and readily available. The rf circuitry is 
mounted on the inside while all the bias components 
are mounted on the top of the minibox (figs. 3 and 
4). This allows greater isolation between the rf and 
dc components than if all components were 
mounted inside the enclosure. 

The microstrip line, 15 mm (0.6 inch) wide and 53 
mm (2.1 inches) long is mounted approximately 5 
mm (0.2 inch) above the chassis. The corners are 
rounded off to a radius of 1.5 mm (1/16 inch) to mini¬ 
mize the discontinuities at the end of the microstrip 
line. The 0.001-/iF feedthrough capacitor is used as a 



fig. 3. Layout of the rf components in the low-noise 432-MHz 
preamplifier. The input network is formed by Cl, C2, and LI; 
the output network consists of R1 and C3. Bias circuitry is 
installed on the outside of the Mini box enclosure (see fig. 4). 
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support for one end of the microstrip line; the oppo¬ 
site end is soldered to the Johanson variable capaci¬ 
tor, C2. The input matching capacitor, Cl, is sol¬ 
dered directly between the input connector and 
capacitor C2. An SMA-type connector is used on the 
input. Its small size and low loss make it a must for 
low-noise operation. A less expensive BMC type con¬ 
nector is used on the output. 

To facilitate direct grounding of the two emitter 
leads, I used two solder lugs bolted to the chassis to 
serve as tie points. The lugs are cut off so they stand 
up from the chassis about 3 mm (0.1 inch). This 
allows enough area to conveniently solder the emit¬ 
ter leads. Keep the emitter leads on the device full 
length. 

The leads on C3 and R1 must be as short, and as 
far away from the input circuitry, as possible to 
reduce any chance of feedback. If the preamplifier is 
built according to the layout in fig. 3 no shield will be 
required between the input and output circuitry. 

When using a Minibox as an rf enclosure, be sure 
to scrape off any paint or any other nonconductive 
film that may be on the areas where the two halves of 
the enclosure meet. This is best done before assem¬ 
bly has been started, and is necessary to achieve a 
good rf-tight enclosure. Be sure to use all four 
screws supplied with the Minibox. 

operation 

Connect the output of the preamplifier to the post¬ 
amplifier or converter with a short section of 50-ohm 
coaxial cable. Terminate the input with 50 ohms. 
With + 12 volts powering the preamplifier, the total 
current drain should be 5 to 6 mA for lowest noise. 
The actual collector current will be about 1 mA less 
than the total current due to the current being drawn 
by resistors R3 and R4 in the bias circuit. At the rated 
5-6 mA of current, V CE will be 5-6 volts. Since the ac¬ 
tual collector current drawn from the power supply is 
a function of the dc current gain ih EE ) of the device, 
the value of R2 may have to be adjusted slightly to 
achieve the desired amount of collector current. To 
date, all of the devices tested have achieved similar 
operating parameters and lowest noise figure with- 



fig. 4. Top View of the 432-MHz preamplifier showing the 
layout of the bias circuit. 



Top view of the 432-MHz preamp showing the layout of the 
bias resistors (see fig. 4). BNC output connector is at far 
right; SMA input connector is to the left. 


out any modifications to the bias network shown in 
fig. 1. 

Optimizing the input network for lowest noise fig¬ 
ure is most easily done with an automatic noise-fig¬ 
ure meter, but precise tuning can still be achieved by 
using a weak-signal source or a simple noise genera¬ 
tor. Start with Cl at about half capacitance and then 
minimize noise figure with C2. Increase Cl slightly 
and then repeak C2 for minimum noise figure. Do not 
increase the capacitance of Cl past the point where 
minimum noise figure occurs. Overcoupling with Cl 
broadens the frequency response of the preamplifier 
with no improvement in noise figure. Finally, peak 
the post-amplifier stage into the preamplifier for mini¬ 
mum noise figure. 

All devices I have tested so far have yielded noise 
figures between 0.8 and 1.0 dB; associated gain at 
minimum noise figure varies from 14 to 16 dB. With 
the added selectivity and lower noise figure obtain¬ 
able with this device, this preamplifier should make 
for a significant improvement in the reception of EME 
signals as compared with other bipolar devices pres¬ 
ently on the market. It also does a good job of chal¬ 
lenging users of GaAs fets at noise-figure measuring 
contests! After nine months of operating 432-MHz 
EME with this preamplifier, I am convinced that it has 
made a worthwhile improvement in the reception of 
weak signals. 
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superhet 


tracking 
calculations 

How to choose 
component values 
fortuning rf 
and local-oscillator stages 
in superhet receivers 

Superheterodyne receivers which have ganged 
tuned capacitors for simultaneous tuning of the local 
oscillator and signal frequency circuits require a 
special design approach. When such circuits are cor¬ 
rectly designed and adjusted, they are said to 
"'track/' meaning that each resonant circuit is cor¬ 
rectly tuned for any frequency setting of the 
receiver's tuning dial. Errors in tracking, if large 
enough, cause loss of receiver sensitivity. 

The following method of calculating component 
values for superhet tuning circuits is not new, but 
I've tried to reduce the procedure to its essentials. 
Interested readers who want to pursue the topic 
should review reference 1, which lists other works 
on the subject. 

the problem 

Fig. 1 illustrates what is to be accomplished. As 
the tuning capacitor is rotated, the receiver's input 
circuits must tune from the lowest signal frequency, 
fi, to the highest signal frequency, f 2 . At the same 
time, the local oscillator (LO) must tune to a frequen¬ 
cy which is always equal to the signal frequency plus 
the intermediate frequency, the i-f being a constant 


fixed frequency. Although circuits can be designed 
so the LO frequency is lower than the rf or signal fre¬ 
quency, the method described here requires that the 
LO be higher than signal frequency. * 

Fig. 2 shows the component arrangements for the 
signal and oscillator tuning circuits, in the signal cir¬ 
cuit, Ct represents the distributed capacitance of the 
coil, plus the minimum capacitance of the variable 
tuning capacitor, plus any fixed capacitance neces¬ 
sary to adjust the circuit. Capacitance Cq is the vari¬ 
able capacitance of one gang of the tuning capacitor 
used for the signal frequency. Ccmax is the difference 
between minimum and maximum values of the vari¬ 
able capacitor. If a variable capacitor section can be 
adjusted from a minimum value of 10 pF to a maxi¬ 
mum value of 365 pF, for example, then Ccmax for 
that capacitor is 355 pF. 

Capacitor Cjl in the oscillator circuit represents 
the distributed capacitance of the oscillator coil; its 
value is found by measuring the self-resonant fre¬ 
quency of the coil with a grid-dip meter; then, know¬ 
ing the inductance, the capacitance may be calculat¬ 
ed. In many cases, however, Cjl will be so small, 
compared to the other circuit capacitances, that it 
may be neglected. C p is called the padder capacitor; 
Ct c represents the minimum capacitance of the oscil¬ 
lator section of the tuning capacitor plus any capaci¬ 
tance needed for correct adjustment; Cq 0 is the vari¬ 
able capacitance of the oscillator gang on the tuning 
capacitor. CQomax, used in the equations, is the dif¬ 
ference between minimum and maximum values of 
Cqo- it >s n ot required that the oscillator section of 
the ganged tuning capacitor have the same capaci¬ 
tance as the rf sections, but, for the equations here, 
its percentage of maximum capacitance vs . angle of 
shaft rotation should be the same as for the rf sec¬ 
tions. In other words, the rotor plates of the capaci¬ 
tor should all have the same shape. 

design equations 

Units for the following equations are microhenries 
for inductance, MHz for frequency, and picofarads 


#T . w , , . , , ... # .... By Courtney Hall, WA5SIMZ, 7716 La Verdura 

'To reduce problems with spurious signals, the local oscillator should be ' 1 1 

above the signal frequency. Editor. Drive, Dallas, Texas 75248 
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for capacitance. Equations are listed in the order in 
which they must be solved, so that values needed for 
a particular equation will have already been deter¬ 
mined. It is first necessary to define the signal and i-f 
frequencies, then make a few preliminary calcula- 
tions regarding their relationships. Also, the differ¬ 
ence between minimum and maximum values of the 
tuning capacitor sections must be determined; this is 
best done with an accurate capacitance meter or 
bridge. I am hesitant to accept vendor's ratings, 
especially when buying variable capacitors on the 
surplus market. 


:il<SNAL CIRCUIT 



OSCILLATOR CIRCUIT 




si 




GANGCO TOGETHER 


A 


fig. 2. Component arrangement in superhet oscillator and 
signal tuning circuits. In some receiver designs two or more 
identical signal circuits may be used for preselection. 


For geometrical-mean tracking, calculate: 


fj — minimum signal frequency 
f 2 = maximum signal frequency 
fi = intermediate frequency (i-f) 


A = 


h 

fi 



£ = 


fz+fi 

fl+fi 




/ 2 +/» 

fl+fi 


CGmax Cmax 
CGomax ~ ^omax 


Cmin 


A 2 ( 2B+ (l + B)(>fA) \ 
B 2 V 2A + (1 + B) (y[T) ) 


With the proper value of r determined, proceed as 
follows: 


Cpmax 


('Gomax 
r~~ 1 


Ctc 


^ Gom ax 

tB 2 -1 


Cpmin ~~ CPmax CTcmax 

Cp - (Cp mln ± CtO pF 


Values of components for the signal tuning circuit 
may be calculated as follows: 

Cr- %gfpF 


Ctc - (CTcmax~~ CtO pF 

— 2 5330 C p m i n Cp max 

CTcmaxCp' (f2+fi) 2 


r 25330 w 


For the oscillator circuit, there are two methods of 
calculation; one is for arithmetical-mean tracking, 
and the other is for geometrical-mean tracking. 
Arithmetical-mean tracking is probably best if the 
receiver tunes a relatively narrow range of frequen¬ 
cies, while geometrical-mean tracking should be 
used if the receiver tuning range is large, such as 
f 2 /f l -3 . Again, some preliminary calculations are 
needed. For arithmetical-mean tracking, calculate: 


example 

A receiver is wanted which will tune from 2.5 to 
3.5 MHz, and the i-f is to be 0.455 MHz. To add a lit¬ 
tle safety factor, it is decided to make the tuning 
range 50 kHz wider on each end. 

fi = 2.45 MHz 
f 2 = 3.55 MHz 
fi = 0.455 MHz 


= S ( l±A \ ( l±M\ 

r B2 \3 + B )\l + 3A ) 


UIXFR 



hot tuning. ", » m to tt 2 - to 


A2 = 2.1 


3_ 1 55±0 1 4 55 

2.45+0.455 


1.3787 


B 2 =* 1.9 


A three-gang variable capacitor is available, and 
each section is measured to have a range of 10 to 365 
pF. Therefore 


C G max= ^5- 10= 355 PF 
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table 1. Results of calculations to prove validity of the 
design approach (see figs. 3 and 4). 



^oac 

W0 455 


error 

(pF) 

(MHz) 

(MHz) 

(MHz) 

(Hz) 

0 

4,0050 

3.5500 

3.5500 

0 

45 

3.7812 

3.3262 

3.3257 

500 

90 

3.5946 

3.1396 

3.1392 

400 

180 

3.2994 

2.8444 

2.8443 

100 

270 

3.0746 

2.6196 

2.6195 

100 

355 

2.9054 

2.4504 

2.4497 

700 


The rf or signal section components may now be 
calculated: 

C T = 2 ^ 37 = 322.73 pF 

L ‘ mWhw 6 228fH 

For proper alignment, and to allow for tuning out 
stray circuit reactance, the inductor should be slug- 
tuned, and Cj should have an adjustable com¬ 
ponent. Remember also that the calculated value of 
Cj includes the minimum capacitance of the variable 
tuning capacitor. With these things in mind, the rf 
tuning circuit could be designed as shown in fig. 3. 
The 10-pF minimum capacitance of the tuning 
capacitor, plus the 43-pF setting of the trimmer, plus 
the 270-pF fixed capacitor add up to the calculated 
value for Cj of 323 pF. Distributed capacitance of the 
coil has been ignored, but its value can be no more 
than a few pF ad can be easily compensated for by 
slight adjustment of the trimmer during alignment. 
Arithmetical-mean tracking is chosen for the 
oscillator circuit because of the modest tuning range. 


r 


2.1 ( 3+1.449) (l + 3Xl.3787\_ 
1.9\3+1.3787) \1 + 3X 1.449 ) 


1.0787 


Cpmax ~~ j Qjgj — j ~~ 4510.8 pF 
C Tcmax = 1.07870-9)- 1 = 338 ‘ 2 P F 


Cpmm = 4510.8-338.2 = 4172.6 pF 


Ignoring the distributed capacitance of the oscillator 
coil gives the following: 


6 ZfiH 
: {NOMINAL) 


\f 7-60 
TRIMMER 
1 (SET AT 43) 


~&)0-365 


fig. 3. Design of the signal tuning circuit given in the 
example. 


Ctl = 0 

Cp — 4172.6+ 0=4172.6 pF 
C Tc = 338.2-0=338.2 pF 


L = 


25330 X 4172.6 X 4510.8 
338.2(4172.6)2 (3.55 + 0.455) 2 


= 5.0478fiH 


Using these calculated values, the actual oscillator 
tuning circuit could be set up as shown in fig. 4. 

That takes care of the paper design, but is it cor¬ 
rect? To find out, I used the calculated values of the 
capacitors and inductors, then chose several discrete 
values for Cg and Cgo* the sections of the variable 
capacitor, and calculated the resonant frequencies of 
the rf and LO circuits for each value. Table 1 shows 
the results. 

For perfect tracking, each oscillator frequency 
minus 0.455 MHz should exactly equal the corre¬ 
sponding signal frequency. The errors are so small 


[ J 

C $ o m h 

~ 4,73 

C 1NOMINAL ) 

/Tn 300 si 

±7-60 I 

K TRIMMER 7f 

(SET AT 26) 


fig. 4. Design of the oscillator tuning circuit. 


that they can be attributed to rounding off calcula¬ 
tions in each step of the procedure; therefore, the 
overall method appears valid. 

remarks 

No allowances are made for effects of coupling the 
resonant circuits to other circuit components, which 
will certainly have some impact. If the range of the 
adjustable components does not allow proper align¬ 
ment and tracking, then the values of some compo¬ 
nents may have to be slightly changed. The small dis¬ 
tributed capacitance (Ctl) of the oscillator coil, 
which was ignored, causes slight errors in the calcu¬ 
lated values of the oscillator padder, Cp, and trim¬ 
mer, Cj c , but Cp is so large that the error is negligible 
there, and Cj c may be adjusted to compensate for 
the error. 

Information on correct superheterodyne alignment 
techniques is available to amateurs elsewhere,2 but 
the design equations presented here have, in my 
opinion, been too long absent from contemporary 
amateur literature. 
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CW signal 
processor 

A simple means 
for eliminating 
QRM from CW signals 
by using 
a phase-locked loop 
and audio oscillator 


Almost from the very beginning of ham radio, 
there has been interference, With varying degrees of 
success, numerous devices have been designed to 
combat this problem. Modern technology has pro¬ 
vided us with such things as narrow-bandwidth crys¬ 
tal filters, active audio filters, Q-multipliers, and 
acoustically resonant transducers, to name just 
a few. 

There is another method of providing interference 
rejection for the CW operator, though it has been 
largely ignored except by a scant few. This involves 
the use of narrow-bandwidth, integrated-circuit tone 
decoders, or as shown in this article, the LM567. 

The LM567 is a phase-locked-loop tone decoder 
which can be made to respond to a tone anywhere 
from less than 1 Hz to approximately 500 kHz. For my 
use, the range is adjustable from roughly 500 Hz to 
1100 Hz. The bandwidth has been set to about 50 
Hz either side of the center frequency. In other 
words, if the LM567 is set to a center frequency of 
750 Hz, it will respond to any signal from 700 Hz to 
800 Hz and ignore virtually all others. 

circuit description 

A CW signal from the phone jack of a receiver is 
fed to the 8-ohm winding of T1 (see fig. 1). This 
transformer presents a low-impedance termination 
for the receiver audio stage, as well as providing a 
voltage step-up for the input of the LM567. The two 
1N34A germanium diodes across the secondary 
limit the audio voltage to near the optimum value 
for the tone decoder. The three resistors and the 
capacitor connected to pins five and six determine 
the frequency range over which tones can be decod¬ 
ed. When a tone of the proper frequency is present 
at the input terminals, the output (pin 8) goes to 
ground and causes the LED to light. 

The waveform at the output of the LM567 is some¬ 
times a little ragged, and, for that reason, it is fed 
through one half of a 7413 Schmitt trigger. This 
stage transforms the output waveform to a square 
wave with very fast rise and fall times and also per¬ 
forms the inversion necessary for the following 
stage. 

It wasn't until a prototype was constructed that a 
problem became known. The output of the tone 
decoder stays low for a few milliseconds after the in¬ 
put signal stops. The net result is to increase the 
"weight" of the keyed signal. That is, it decreases 
the spacing between code elements. To counteract 
this problem, a 1000-ohm resistor was connected 
between the output of the LM567 and the input of 
the 7413. Also, there is a 3.3-/*F capacitor from the 
input of the 7413 to ground. This combination delays 

By William B. Jones, W7KGZ, 5319 Northeast 
109th Street, Vancouver, Washington 98665 
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the switching time of the 7413 after the tone decoder 
goes low. The end result is to restore normal weight 
to the keyed signal. The values specified were experi¬ 
mentally derived and may be adjusted to suit individ¬ 
ual tastes. The third stage is the familiar NE555 timer, 
wired as a keyed audio oscillator. 

In operation, a CW signal is tuned in on the receiv¬ 
er and the frequency control of the CW PROCESSOR 
is varied until the LED begins to blink in unison with 
the incoming signal. This indicates that the LM567 is 
tuned to the proper frequency and is decoding the 
CW being presented to it. Activating SI will replace 
the live audio with the tone generated by the 555. 

It takes approximately 10 to 15 millivolts of audio 
from the receiver to activate the tone decoder. This 
corresponds to a rather weak signal (S3 to S4 would 
be a fair guess) in most receivers. Obviously then, 
the CW PROCESSOR is quite sensitive and does not 
take a "block-buster" signal to make it work. 

From time to time, you will encounter signals that 
shift frequency, fade into the noise, or become oblit¬ 
erated by stronger adjacent signals. As these situa¬ 
tions occur, the CW PROCESSOR will stop respond¬ 
ing to the signal, with the resultant loss of audio. The 
circuit shown in fig. 2 was added to automatically 
switch the output from the receiver back to the head¬ 
phones, after an adjustable delay. 

Once again, the NE555 timer is pressed into serv¬ 
ice, this time as a monostable multivibrator. The ad¬ 
dition of a single PIMP transistor transforms the cir¬ 
cuit into a negative recovery monostable. 1 If this 
circuit is incorporated into the CW PROCESSOR, SI 
will be replaced by the contacts on K1, 

It should be pointed out that if a relay with a 5- or 
6-volt coil is unavailable, it is quite permissible to sub¬ 
stitute one with a 12-volt coil and operate the second 
NE555 from the 12-volt supply line. The circuit per- 



fig. 2. For periods when you experience loss of signal, this 
circuit will automatically switch back to live receiver audio 
after a suitable delay. If a relay with a 5-volt coil is not avail¬ 
able, the circuit can also be powered from + 12 volts. 


formance is identical in either case. Of course, the 
additional NE555 is not absolutely necessary to the 
performance of the CW PROCESSOR, but it does add 
a considerable amount of operator convenience. 
Whether it is included or not is entirely up to the in¬ 
dividual builder. 

construction 

Because everything is operating at audio fre¬ 
quencies, layout and construction are definitely not 
critical. My version was constructed on a printed cir¬ 
cuit board with hole spacings adjusted to suit the size 
of components on hand. Alternatively, perfboard 
and hardwired connections could be used with 
equally reliable results. 

On the subject of parts and pieces, note that all of 
the necessary parts to build your own version of the 
CW PROCESSOR are listed in the Radio Shack cata¬ 
log. Reasonable amounts of latitude may be taken 



fig. 1. Schematic diagram of the signal processor. The 567 is a phase-locked loop which is configured to respond to tones from 
500 to 1100 Hz. The Schmitt trigger reduces the weighting effect caused by the output of the PLL remaining low after removal of 
the audio signal. Since the processor requires a +5 volts, a simple 3-terminal regulator can be used to power the unit from a 12- 
volt line. 
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CW signal processor with the case removed, showing lay¬ 
out and construction. Relay is mounted on separate circuit 
board installed on top chassis rail; other circuit board is 
mounted on standoffs on bottom rail. 

with regard to parts values since few are critical. 
However the capacitors associated with the LM567 
and LM340 should be low-leakage types; tantalums 
are recommended as the best choice in this case. 

The enclosure was garnered from the local surplus 
emporium and is pretty much a one-of-a-kind item. 
Any box large enough to accommodate the parts 
will be suitable. In the early developmental stages, 


the CW PROCESSOR was operated with no enclo¬ 
sure at all and no problems were encountered. This 
would suggest the possibility of using a nonmetallic 
box instead of the more common aluminum cabinet. 

summary 

The CW PROCESSOR is not a cure-all for all QRM 
problems; it does have its limitations. For example, 
the 100-Hz bandwidth talked about earlier is valid 
only for signals not exceeding approximately 300 
millivolts at the input of the LM567. As is sometimes 
the case, you will be trying to copy an S5 signal with 
the CW PROCESSOR and an S9 signal only 200 Hz 
away will disrupt reception. Also, if you are trying to 
copy a heavily weighted CW signal, the CW PROCES¬ 
SOR will aggravate the situation unless an absolute 
minimum of signal is presented to the input. 

All things considered, however, using the CW 
PROCESSOR has been pure joy. Operator fatigue is 
greatly reduced by not having to listen to all of the 
garbage normally associated with ham band signals. 
It is amazing how well this device snatches a barely 
readable signal out of the noise and transforms it into 
the kilowatt-next-door category. Build one for your¬ 
self and see what a difference it makes at your 
station. 

reference 

1. Don Lancaster, TTL Cookbook, Howard W. Sams, Indianapolis, 1974. 
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birdie suppression 
in the Swan 160X 

The Swan 160X is a 400-watt PEP input transceiver 
for 160 meters. Unfortunately, it is no longer made. 
During its lifetime, there was little interest in the 160- 
meter band. Now, that interest is growing, the 160X 
is a prized piece of equipment for the “top band" en¬ 
thusiast. A few 160Xs are available second hand, but 
they are quickly snapped up and do not stay on the 
dealer's shelves for any length of time. 

A minor problem with the 160X is a birdie or cross¬ 
over product which falls in the passband of the 
receiver. It can be heard as a carrier, or heterodyne, 
at about 1834 kHz. Though not particularly loud, it 
can be very annoying when you're looking for a weak 
DX signal. 

An investigation of the mixing technique in the 
160X shows that the spurious signal is a result of un¬ 
wanted mixer products from the VFO and the carrier 
oscillator, Q3. At spurious frequency of 1834 kHz, 
the carrier oscillator is at 5.500 MHz and the VFO is at 
7.333 MHz. The third-order product of these two fre¬ 
quencies is: 


Birdie = 3f 2 ~ 2f } 

where, 

/;= 7.333 MHz 
f 2 = 3.500 MHz 

or, 16.300 - 14.666 — 1.834 MHz 

The birdie may be reduced to an amplitude by 
placing a trap tuned to 14.666 MHz in the output lead 
of the VFO. This is easy to accomplish since the out¬ 
put signal from the VFO appears at the accessory 
socket (J6) located on the rear apron of the 160X. It 
is merely necessary to break the lead in the plug and 
insert a small trap as shown in fig. 1. The trap can be 
made up of very small components and mounted 
directly to the pins of the plug, which should always 
be in place when an auxiliary VFO is not used, (Since, 
to my knowledge, an auxiliary VFO was never built 
for the 160X, this is a moot pointl) 

If a compression-type capacitor is used, the trap is 
easily adjusted by tuning the transceiver to 1834 kHz 
and adjusting the capacitor for minimum birdie 
response in the receiver. 

Bill Orr, W6SAI 
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low-noise 

30-MHz preamplifier 


A low-noise preamplifier 
which may be used 
to improve 10-meter 
receiver sensitivity, 
improve OSCAR 
communications, 
or extend 
Gunnplexer range 


The apparent sensitivity of many communications 
receivers seems to fall off above about 25 MHz be¬ 
cause of the lower levels of external galactic and ex¬ 
ternal noise at these frequencies. 1 When the IO¬ 
meter band is wide open, this isn't particularly no¬ 
ticeable, but when propagation conditions are mar¬ 
ginal additional sensitivity makes a big difference in 
DX performance. 

A receiver which has an adequate noise figure on 
20 and 15 meters may be marginal on ten; also, front- 
end circuits which have been optimized for the lower 
amateur bands don't always work as well as they 
should at 28 MHz. This is especially true with 
vacuum-tube rf amplifiers. Since 10 meters is open 
perhaps three years during the 11-year sunspot 
cycle, and then for only a few hours each day, it is 
understandable why the designers don't pay more at¬ 
tention to 10-meter performance. 

If you operate on the vhf-uhf bands and use your 
receiver as a tunable i-f, noise figure is extremely 
important because it affects the noise performance 
of your vhf/uhf converter. Satellite communications 
can also be improved by better receiver sensitivity, 
and if you operate on 10 GHz with a Gunnplexer, you 


By James R. Fisk, W1HR, ham radio , Green- 
ville. New Hampshire 03048 
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fig. 2. Dc bias circuit for vhf/uhf applications stabilizes col¬ 
lector current with voltage feedback through resistor R B 
and maintains constant base current with R B1 and R B2 . A 
design example is given in the text. 


can double your effective range by lowering your 
system noise figure by 6dB. 

30-MHz preamp 

The 30-MHz i-f preamplifier shown in fig. 1 is 
based on a design by engineers at Microwave As¬ 
sociates using low-noise npn silicon planer transis¬ 
tors.* These transistors exhibit excellent noise figure 
vs current characteristics, which results in extremely 
low noise figure and wide dynamic range. The circuit 
provides 19 dB gain with a noise figure of about 1.1 
dB; compression of 1 dB occurs at an output of -7 
dBm. The 3-dB bandwidth of the preamplifier is 10 
MHz, and the input is designed to match the 200- 
ohm source impedance of the Gunnplexer mixer 
diode. Circuits for matching the preamp to 50 ohms 
are discussed later in this article. 

The noise figure of the Schottky mixer diode in the 
Gunnplexer is specified at 12 dB maximum, but many 
units are better than this. With careful design, proper 
impedance matching, and the use of an i-f preampli¬ 
fier with a 1.0 to 1.5 dB noise figure, some users have 
reported system noise figures well below 10 dB. This 
represents a significant increase in reliable com¬ 
munications range. 


’Microwave Associates transistors are available from G. R. Whitehouse, 
Newbury Drive, Amherst, New Hampshire 03031. 


bias circuit design 

One factor which is often overlooked in vhf circuit 
design is the dc bias network. At low frequencies an 
emitter resistor is often used to provide negative 
current feedback for dc stability. In low-noise vhf ap¬ 
plications, however (and this includes 28 MHz), the 
emitter bypass capacitor which is an efficient rf by¬ 
pass at the design frequency often introduces low 
frequency instability. Furthermore, any series emitter 
impedance, no matter how small, results in a de¬ 
gradation of noise figure and gain. Therefore, vhf cir¬ 
cuits which are designed for lowest noise or maxi¬ 
mum gain require that the emitter lead be grounded 
as close as possible to the transistor package to keep 
emitter series feedback to an absolute minimum. 

The transistor variable which has the most effect 
on dc stability is collector current. If you study the 
transistor's parameters, you'll find that gain and 
noise figure are the most sensitive to changes in 
bias, and both are stronger functions of collector cur¬ 
rent than of collector-emitter voltage, V C e ■ There- 



fig. 3. Suggested circuit for matching the low-noise pream¬ 
plifier stage to 50 ohms. 


fore, the ultimate goal in dc bias design is to stabilize 
collector current. The temperature-sensitive param¬ 
eters which affect collector current are the internal 
base-emitter voltage, V BE ; the dc current gain, 
hpE, and the reverse collector current, / CB0 . Nor- 
mally I CBO is expected to double for each 10°C tem¬ 
perature rise, but because of surface currents in uhf 
and microwave transistors, I C bo increases at a rate 
much less than this and can usually be neglected in 
vhf bias design. 

Fig. 2 shows a dc bias circuit which stabilizes 
Vbe and hp E by using voltage feedback through R B 


-|4-O -h to VOC 



fig. 1. Low-noise preamplifier has a noise figure of 1.1 dB at 30 MHz and 3 dB bandwidth of 10 MHz. Gain is 19 dB. Total current 
drain with a +10 volt supply is 13 mA. All resistors are 1/4 watt carbon; bypass capacitors are 50-volt ceramics. 
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and a constant base current source from resistors 
R B} and R B2 . 2 Not shown are the rf chokes which 
must be placed in series with the base and collector 
(RFC1 and RFC2 in fig. 1), 

The design equations for this bias circuit are given 
in fig, 2 . First determine the available supply voltage 
Vcc> select the desired transistor operating point 
(Fa-; and Ich and check the transistor data sheet for 
dc forward gain h FB . If h F £ data is unavailable, as¬ 
sume hp£= 50) this is a fair assumption for many 
vhf/uhf transistors. To ensure a constant base cur¬ 
rent source, the voltage V BB is set at approximately 
three times the base-emitter voltage, V BB , or about 
2 volts for silicon transistors (Fb£=0. 7 volt). The 
current through R B2 is set at five times the base cur¬ 
rent I B . Since l B = the current through R B2 

is The current flowing through R B1 is the 



fig. 4. Schematic and construction of a 4:1 rf transformer for 
matching 200 ohms to 50 ohms. The transformer consists of 
18 turns slightly twisted pair number 28 (0.3 mm) enamelled 
wire on a T-50-6 toroid form. 

sum of the current through R B2 plus base current or 

6I c /hf B . 

The noise-figure curve at 30 MHz for the Micro- 
wave Associates 42001-509 transistor shows a rather 
broad minimum centered around / c; =5 mA; h FB is 
about 90. With a 10-volt dc power supply, Vce is 
selected to be 6 volts. Using the design equations of 
fig. 2 yields the following bias resistor values: R B = 
39k, R B2 = 12k; R BI = 20k; and Rc-1250 ohms. The 





fig. 5. Full-size printed circuit layout for the low-noise pre¬ 
amplifier. 


30-MHz preamplifier in fig. 1 uses the nearest stan¬ 
dard resistance values. 

In the output emitter follower stage dc stabiliza¬ 
tion is provided by current feedback produced by the 
470-ohm emitter resistor; the input impedance of this 
stage is approximately 50 ohms. The emitter follow¬ 
er is used to drive a 50-ohm coaxial cable to the first 
i-f stage or front end rf amplifier. If the preamplifier is 
located very close to the 28-30 MHz rf stage, the 
emitter follower may be omitted. 

input matching 

Another important consideration in low-noise am¬ 
plifier circuits is the design of the input matching cir¬ 
cuit. For the 42001-509 transistor the input impe¬ 
dance for optimum noise figure is 100 + j37 ohms at 
30 MHz. The input pi network (Cl, LI, C2 in fig. 1) 
transforms this to the 200-ohm source impedance of 
the Gunnplexer mixer diode. The output of the first 
stage is matched to the approximately 50-ohm input 
of Q2 with C3, C4, C5, and L2. 

If you wish to use this preamplifier in a 50-ohm 
system you can either modify the input matching cir¬ 
cuit or use a 4:1 rf transformer. A suggested 50-ohm 





fig. 8. Component layout of the preamp circuit board. Note that RFC1 is mounted on the foil side of 
the board to prevent coupling to RFC2, 
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input circuit is illustrated in fig. 3. Construction of a 
simple 4:1 rf transformer which will match 200 ohms 
to 50 ohms is shown in fig. 4. 

construction and test 

. Fig. 5 shows a full-size, printed-circuit layout for 
the low-noise 30-MHz preamplifier; the component 
placement is shown in fig. 6. Note that the rf choke 
in the base circuit of Q1 (RFC1) is mounted on the 
foil side of the board; this is to prevent unwanted 
coupling to RFC2, which is located nearby. When 
winding the toroid coils, be sure to spread the wind¬ 
ings evenly over the circumference of the form. 

With slight modification the circuit board will ac¬ 
commodate the 50-ohm matching circuit of fig. 3. 
LI and C2 are soldered to the same circuit pads as LI 
and C2 in the 200-ohm matching circuit. Cl replaces 
the 1000-pF blocking capacitor; however, it may be 
necessary to drill new holes because of the wider 
spacing of the tabs on the variable capacitor. 


/5 O ZZ 



fig. 7. Minimum loss pad which may be used to match 200 
ohms to 50 ohms. Pad loss of 11.5 dB must be considered 
when making noise or gain measurements. 


Since most rf signal generators and noise-figure 
meters are designed for a 50-ohm system, and the 
preamplifier is designed to match 200 ohms, you 
must take a 4:1 impedance transformation at the in¬ 
put when tuning the preamp. You can use the 4:1 
rf transformer if you wish, or the minimum loss pad* 
shown in fig. 7. This pad has approximately 11.5 
dB loss, which must be considered when making 
gain or noise measurements. 

For best operation the preamplifier should be ad¬ 
justed for minimum noise figure, but this is not pos¬ 
sible if you don't have access to noise-measuring 
equipment. Tuning the preamplifier for maximum 
gain will degrade noise figure slightly, but noise per¬ 
formance will still be better than that available with 
most28-MHz receivers or 30-MHz i-f strips. 


'A minimum Joss pad is a resistance pad which will provide an impe¬ 
dance match between unequal terminations with the smallest possible 
attenuation. 
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1. James Fisk, WlOTY, "Receiver Noise Figure, Sensitivity, and Dynamic 
Range — What the Numbers Mean," ham radio, October, 1975, page 8. 

2. Kenneth Richter, "Design DC Stability Into Your Transistor Circuits," 
Microwaves, December, 1973, page 40. 

ham radio 


M 


GUNNPLEXER 
TRANSCEIVER 

“FRONT END” BY 
MICROWAVE ASSOCIATES 



Features 

• Low Cost 

• High Sensitivity 

• Integrated Assembly 

• Electronically Tunable 

• High Reliability 

• Low Operating Voltage 


THE GUNNPLEXER SYSTEM rue 

fascination of amateur microwave is unique. Microwave sys¬ 
tems have an ‘exotic' ring to them. Until the appearance of 
the Gunnplexer, getting into microwaves required either a six 
foot rack of surplus gear or a friend on the inside of a micro- 
wave hardware supply company. The Gunnplexer has 
changed all of that; now you don't need any friends in the 
microwave business (in fact it may be better it you don’t 
haveany prior microwave knowledge because the Gunnplexer 
pretty much throws away the book on standard microwave 
design practices. 1 ). 

Equally fascinating is the wide band capability of the micro- 
wave region. The 10GHz assignment has spectrum-space for 
111 simultaneous video (4.5 MHz wide) channels, fry that 
even using SSTV in the 20 meter assignment. 

The bottom line on microwaves is simply that it will do 
much more communicating than you might first suspect. 

TWO-WAY COMMUNICATIONS 

The primary application of the Gunnplexer “front end” is 
for 2-way communications. Two units, one a transmitter and 
the other a receiver down converter, are used with their car¬ 
rier frequencies off-set to provide a reasonable IF (30 MHz or 
higher). Applications range from linking remote receivers to 
VHF repeaters, transmitting color video, linking homemade 
computers, lull duplex mountain top DXing or over water duct 
DXing. A separate power supply and simple FM modulator 
must be provided; the MA-86551 (17 dB) horn antenna 
(shown here) is suggested. 

WHY A GUNNPLEXER? Amateur micro- 

wave communication is fascinating and challenging, Now 
with the revolutionary MICROWAVE ASSOCIATES Gunnplexer 
front end this exotic form of communication is available to vir¬ 
tually anyone. And at an unbelievably low cost! 


MA-87141-1 2 Complete Gunnplexer Transceivers 
(MA-87127-1, 15mW typical and 2 horn antennas 
MA-86551, 17dB) just $199.95 plus $2.00 shipping 
and handling. 


Send for our complete Gunnplexer Introductory Package. 
VISA and MasterCharge Orders Welcomed. 

$H603) 673-7724 


Exclusive distributor tor MtCROWA VE ASSOCIATES products 
in the United States and Canada, 


-TTT 


HITEHOUSE & CO. 

10 Newbury Drive. Amherst N H 03031 
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clean local-oscillator chain 


for 1296 MHz 

An easy-to-build 
LO for 1296 MHz 
which can be optimized 
without a spectrum analyzer. 

Outputs are 
also available 
for 220 and 432 MHz 

Development of a local-oscillator chain for 1296 
MHz which can be tuned up without a spectrum 
analyzer, yet has an acceptably clean spectrum, has 
been a long-time goal. I have built several LO chains 
which required the use of a spectrum analyzer and 
several hours of trimming to tune; when they quit in 
the midst of a contest, there was no recourse. This 
article describes a 1296-MHz LO chain which can be 
tuned up in a few minutes with minimal test equip¬ 
ment, including a tripler which needs no tuning. The 
spectrum analyzer photographs were taken after 
tuning was completed; it was not used during the 
tuneup procedure. 

What is an "acceptably clean spectrum?" Very 
simply, it is one which produces no birdies in the op¬ 
erating band. More quantitatively, the following cri¬ 
teria are arbitrarily defined: 


1. No spurious (not harmonically related) outputs 

2. Undesired harmonics of oscillator suppressed 

more than 40 dB 

3. Undesired harmonics of oscillator well 

separated (spacing more than 5% of output 

frequency) 

4. No harmonics near the i-f band 

5. Low noise content 

Now examine fig. 1A, the local-oscillator spectrum 
of a typical 432-MHz converter with a fairly low 
frequency oscillator, followed by two single-tuned 
transistor triplers. This converter has enough birdies 
so the band never sounds dead! 

The causes of the poor spectrum of fig. 1A are in¬ 
sufficient selectively, excessive multiplication factor, 
and inefficient multipliers. Increasing the oscillator 
frequency spaces the harmonics and eases the selec¬ 
tivity, or filtering, problem. However, a single transis¬ 
tor is still an inefficient multiplier; it would much 
rather amplify than multiply, so the output always 
has a strong fundamental component. (A tripler also 
has a strong second harmonic component). One 
solution is the use of idlers, but they make tuning 
very critical and usually add a tendency to parametric 
oscillations. Diode multipliers have the same prob¬ 
lems, but with added loss (transistor multipliers often 
have gain). 

A more effective solution is the use of natural 
multiplying circuits. A push-push doubler was des¬ 
cribed several years ago.L2 This basic circuit was 
incorporated into both doubler stages of a 432-MHz 
local-oscillator chain; the resultant spectrum shown 
in fig. IB. This system has worked beautifully for 
more than two years. 

Recently, a push-pull tripler was added to the out- 

By Paul C. Wade, WA2ZZF, 153 Woods Road, 
Somerville, New Jersey 08876 
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fig. 1. Spectrum analyzer display of the 
local oscillator chain for a typical 432- 
MHz converter. A, showing the large 
number of undesired spurs. Other 
displays show the output spectrum of 
the local-oscillator chain described in 
this article. (Measurements made with 
Ailtech 727 spectrum analyzer at 10 dB 
per division.) 



A. Local-oscillator spectrum of a typical 432-MHz converter, 
after tuning for cleanest output with a spectrum analyzer. 
Horizontal scale: 100 MHz per division. 


K'. ti *’f ’ i'- ■ ,* • ' , * . * *. $ CdSrr 

500 MHz 

B. Output from the low-frequency multiplier chain de¬ 
scribed in this article. Output at384 MHz is approximately 20 
mW, Horizontal scale: 100 MHz per division. 


1000 MHz 

C. 1152-MHz output from the frequency tripler for use as a 
local oscillator on 1296 MHz. Output is approximately 0.5 
mW. Horizontal scale: 200 MHz per division. 



1152 MHz 500 MHz 


D. Display of the 1152-MHz output showing the noise spec¬ 
trum. Horizontal scale; 1 MHz per division. Contribution 
from spectrum analyzer is probably significant. 


E. Spectrum of output available from J1 is easily filtered for 
use as a local oscillator for 220-MHz equipment. Horizontal 
scale: 100 MHz per division. 
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put to build a 1296-MHz local oscillator. The push- 
pull tripler had been a stumbling block because of 
the requirement that the outputs, as well as the in¬ 
puts, be 180° out of phase; the push-push doubler 


requires phase reversal only at the input, which is 
easily provided by a trifilar wound transformer or a 
balun. If an untuned transformer was used at the 
output, it would be a broadband amplifier rather than 



C3, C5 

C4 

CS r C7 

C8 

CR1, CR2 f 

CR3 

LI 

L2 


L3 

L4 

L5 


1 .2-4,2 pF air variable (E.F. Johnson 189-501-5) 
1.3-6.7 pF air variable (E. F. Johnson 189 502-5) 
0.02 jtF (chip capacitor or very short leads) 

36 pF (chip capacitor or very short leads) 
1N4148 or 1N914 silicon diode 


6 turns no. 24 (0.5mm) Formvar close spaced on 3/16" 
(5mm) coil form with green slug; tap at 1 Vz turns 
4 turns no. 18 (1mm) tinned wire, 3/16" (5mm) ID, 5/8" 
(16mm) long; tap at 1 % turns (optional lirUc: 1 % turns no, 
22 (0.6mm) insulated wire, 3/16" (5mm), installed near hot 
end of L2) 

40 nH printed inductance 
43 nH printed inductance 
60 nH printed inductance 


L6, L7 

printed transmission lines, V4 long at 768 MHz, Z 0 chosen 
to provide correct tuning inductance at 1152 MHz 

Q1 

2N4124 

02 

2N5109, MSC 80099, or equivalent (2N3866 usable with 
lower gain) 

Q3,Q4 

2N5179 (case floating — case cut off flush with base) 

RFC 

ferrite bead with 2 turns no. 30 (0.25mm) Formvar 

T1,T2 

4 turns no. 30 (0.25mm) trif iiar wound on large ferrite bead, 
p-900 (Ferronics 11-090-J; suggested replacements: 
Amidon FT-25, mix 43 or Amidon 801 ferrite bead, mix 43) 

T3 

3 turns no, 30 (0,25mm) trifilar wound on ferrite bead, 
jt = l25 (Ferronics 21-030-K; suggested replacements: 
Amidon FT-25, mix 61 or Amidon 101 ferrite bead) 

U1 

RCA CA3049T 

U2 

78 LOB 

Y1 

96 MHz third-overtone crystal 


fig. 2. Schematic diagram of the 1152-MHz local-oscillator chain. Outputs are available for use on 432 MHz (cable A} and 220 MHz 
(J1). Cable A is short piece of semi-rigid coax. Components marked with an asterisk may be critical or may need adjustment for 
optimum performance. Printed-circuit boards are shown in figs. 3 and 4. 
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fig. 3. Printed-circuit layout for the single-sided low frequency board (output at 384 MHz). 
Component placement is shown in fig. 6. Material is single-clad 1.5 mm (1/16") G10 circuit 
board. 


a tripler. The brainstorm which made this work was 
to use a rat-race coupler at the output. As used in 
this circuit, two input signals which are 180° out-of¬ 
phase at the resonant frequency combine at the out¬ 
put port, while other phases and frequencies com¬ 
bine in the terminating resistor. The rat-race is not 
critical so no tuning is required. 

The frequency tripler is followed by a printed- 
circuit filter made up of quarter-wavelength stubs; 
the output spectrum is shown in fig. 1C. For detailed 
descriptions of the rat-race and printed-circuit filter, 
see Howe's excellent book, Stripfine Circuit Design .3 
Fig. ID shows the noise spectrum of the 1152-MHz 
output — none is evident down to the noise floor of 
the analyzer (on this non-optimum range for this 
measurement); fig. IE is the output of the first 


doubler, at J1, for use as a 220 MHz local oscillator, 
or for connection to a frequency counter. 

The major objection to push-push doublers and 
push-pull triplers is that two transistors are required. 
However, prices for usable vhf/uhf transistors have 
dropped to the point that they are available in the 15 
cents to $1 range. As an alternative, several matched 
transistors on the same chips can be bought as an 
integrated circuit. The single CA3049T used for both 
doublers costs $1.13 from a local dealer. While the 
prices of semiconductors have been steadily de¬ 
creasing, prices for capacitors and coil forms, 
needed for idlers and filters in conventional multi¬ 
pliers, have increased. 

Construction is straightforward and requires no 
machining; all frequency-determining elements 



fig. 4. Active side of the double-sided 1152-MHz tripler/fliter circuit board. Unetched reverse side serves as the 
ground plane. Material is 1.5 mm (1/16") double-clad G10 circuit board. 
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fig. 5. Construction of transformers T1 and T2. Turns are 
counted by the number of timos the wire passes through 
the center. Wire is no. 30 to no, 34 (0.25-0,16mm) Formvar 
coated. T3 is similar except it consists of three turns. 

above grid-dipper range are printed. Printed-circuit 
layouts are shown in fig. 3 and 4. Component place¬ 
ment may be seen in the photographs. Transistors 
Q3 and Q4 have their leads bent outward along the 
printed lines about 0.1 inch (2.5mm) below the case 
(the fourth lead, case, is cut off flush so the case is 
not connected) as shown in the close-up photo¬ 
graph. 

The trickiest part in building the LO chain is wind¬ 
ing transformers T1, T2, and T3. T1 and T2 consist 
of four trifilar turns on a large ferrite bead such as a 
Ferronics 11-090-J (/* = 900) as shown in fig. 5. All 
windings are wound at the same time for a total of 12 
turns. The four turns are counted from the inside — 
not the outside. Also shown in fig. 5 are the trans¬ 
former connections and how they are installed in the 
circuit. Construction of transformer T3 is similar 
except it consists of 3 trifilar turns on a Ferronics 


21-030-K ferrite bead (/x=125). Transformer T2 is 
installed on the copper foil side of the board to mini¬ 
mize lead length. Cable A in fig. 2 is not installed yet; 
a temporary jack is installed instead. 

Tuneup is also straightforward. Monitoring the 
power at J1, tune LI and the trimmer capacitor 
across L2 for maximum output. Check the frequency 
with a frequency counter, wavemeter, or grid-dipper. 
It may be necessary to reduce the value of C2 for 
maximum output with different crystals. Roughly 0.1 
milliwatt is available from J1 with the small link. 



Stripline filter forthe low-noise amplifier. The bolts through 
the board ensure an adequate ground connection at the end 
of the quarter-wavelength filters. 


Next, terminate J1 with 50 ohms and monitor the 
output at L5 through the 120 pF capacitor (cable A 
not yet installed). Adjust C3, C4, C5, and L2 trimmer 
for maximum output (approximately 20 mW). If con¬ 
venient, check frequency — if not, note capacitor 



fig. 6. Component placement for the low-frequency multiplier board. Foil side is shown in fig. 3. 
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fig. 7. Component placement on the 1152-MH2 tripler/fllter board. Foil layout is shown in fig. 4. Contrary to other 
component placement diagrams, this diagram is shown from the etched side of the board. 


rotor settings in the photographs. Of the three units 
I have built, the only one which did not proceed 
smoothly to this point had a defective 1C section. 

Now either proceed to the tripler or (optional) go 
back and fine tune the doublers. Small adjustments 
to the coupling capacitors tapped off LI and 12, to 
the output of the voltage regulator (vary the 330-ohm 
resistor), and to all previous tuning points may help. 

Finally, install cable A. Approximately 0.5 mW 
(-3 dBm) should be available at J2. If the output is 
low, varying the voltage on Q3 and Q4 (set by CR3) 
may help. If the output is still low, wrap a small 
square of aluminum foil over the bare end of a Q-tip 
and poke around the stripline circuitry while monitor¬ 
ing the output; if it is working normally, nothing 
should produce a significant increase in output. 
However, if a balanced mixer 4 with variable dc bias is 
used, local oscillator powers as low as -10 dBm will 
probably not significantly degrade the noise figure, 
if the mixer bias is set at the LO level to be used. This 
combination was the lowest noise-figure 1296-MHz 
converter measured at the 1977 Eastern VHF/UHF 
Conference. 

The printed stripline (technically microstrip) ele¬ 
ments, the rat-race and filter, were chosen partly for 
their non-critical nature. They have moderate in¬ 
herent bandwidth, so the output frequency could be 
shifted ±5% with no changes. Conversely, the 
dimensions are not too critical. For example, the 


characteristic impedance of the rat-race is approxi¬ 
mately 66 ohms vs the design value of 70 ohms be¬ 
cause it was laid out using standard printed-circuit 
tape. For greater frequency changes, it is primarily 
the length of the lines, rather than the width, which 
changes. If major changes are contemplated, further 
research 3 ^ is suggested. 

This local-oscillator chain, together with a simple 
balanced mixer, provides a relatively easy way to 
listen on 1296 MHz; a varactor tripler would complete 
a basic station. Since there are no critical adjust¬ 
ments, it can be confidently built with moderate test 
equipment and skill, yet it has the stability and spec¬ 
tral purity required for an advanced station. Portions 
of the chain are usable for 220 and 432 MHz as they 
stand; the addition of a doubler to 2304 MHz is 
contemplated. 
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evaluating 

noise sideband performance 


in oscillators 


Receiver local oscillators 
produce noise sidebands 
which degrade 
receiver performance — 
how good is the 
oscillator in 
your receiver? 
Here are some ways 
to find out 


All oscillators produce noise sidebands which can 
degrade the performance of the equipment in which 
the oscillator is used. In receivers, noisy local-oscilla¬ 
tor stages produce reciprocal mixing products which 
cause blocking. h2 p or oscillators used in high-fre¬ 
quency or vhf/uhf equipment, it's sufficient to meas¬ 
ure the noise sideband performance in dB/Hz 
between 500 Hz and 100 kHz from the carrier; a way 
of doing this is described in this article. Also dis¬ 
cussed is a method for determining local-oscillator 
noise sideband levels by measuring the receiver's 
blocking performance. 

Fig. 1 shows the test setup recommended by the 
National Bureau of Standards for measuring noise 
sideband performance between 500 Hz and 100 kHz 
from the oscillator carrier.* A signal generator with 
extremely high spectral purity such as a crystal oscil¬ 
lator is used as a reference oscillator for a high-level, 
double-balanced mixer. The output of the oscillator 
under test is fed into the rf port of the mixer through 
a variable attenuator. The output of the double- 
balanced mixer is then connected to a waveform 
analyzer. 

A simplified block diagram of a waveform analyzer 
is shown in fig. 2. The signal to be analyzed is mixed 

"For a small modulation index, as in a hard-limiting oscillator there is no dif¬ 
ference between tm and a-m noise. 


By Ulrich L. Rohde, DJ2LR, 52 Hillcrest Drive, 
Upper Saddle River, New Jersey 07458 
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fig. 1. Test setups recommended by NBS for measuring fm 
noise (phase fluctuations), and a m noise (amplitude fluc¬ 
tuations). For a low modulation index, as is the case of a 
hard-limiting oscillator, there is no difference between a-m 
and fm noise. 

with a tunable local oscillator and the i-f output is 
applied to a narrow bandpass filter. In operation the 
frequency of the VFO is adjusted so the desired com¬ 
ponent of the input waveform is equal to the center 
frequency of the selective filter. Thus the component 
to be measured is fixed to a predetermined frequen¬ 
cy, is amplified, and measured at this fixed frequen¬ 
cy; other frequency components in the input wave¬ 
form are rejected by the narrow bandpass filter. Fig. 
3 shows the filter response curve of the Rohde 0- 
Schwartz FAT3 waveform analyzer which has an i-f 
at 80 kHz; the bandwidth is4 Hz at the 3 dB points. 

To calibrate the test setup, the wave analyzer is set 
to full sensitivity, where zero equals 10 mV and -80 
dB equals 1 /A/. The oscillator to be analyzed is then 
set to a frequency 30 kHz from the crystal oscillator, 
and the variable attenuator is adjusted so that the 
double-balanced mixer output gives a full-scale read¬ 
ing equivalent to 10 mV. 

If an instrument with high dynamic range and a lin¬ 
ear dB scale is used, the attenuator can remain in the 
same position during the entire test procedure. 
Where limited dynamic range is available, the attenu¬ 
ator is set so at full sensitivity the instrument will indi¬ 


cate 1 /A/ on a quasi-linear meter, and the logarithmic 
display will be simulated later by taking readings from 
the attenuator. 

Now connect a frequency counter to the oscillator, 
and change the frequency either 1 kHz up or down 
from the original setting, which was offset 30 kHz 
from the crystal oscillator. Then reconnect the signal 
generator to the double-balanced mixer. The wave¬ 
form analyzer, which typically has three or four band- 
widths available, is set at 100-Hz bandwidth. Assume 
that the logarithmic display on the analyzer indicated 
-60 dB when the original frequency was selected. 
This means that, in a 100-Hz bandwidth, the noise 
sideband voltage is 60 dB below the carrier. Since 
the noise sidebands are expressed in dB per 1 Hz 
(dB/Hz), a 20 dB correction factor must be added to 
the measured 60 dB because of the 100-Hz band¬ 
width; in this case the noise sideband performance is 
80 dB/Hz. 

Practical experience indicates that an oscillator 
which exhibits 80 dB/Hz noise performance is not 
very good, so the crystal oscillator can be considered 
much better and its noise contribution may be 
neglected. 

sideband noise evaluator 

Commercial waveform analyzers with a built-in, 
double-balanced mixer, linear logarithmic displays, 
and wide choice of bandwidths are extremely expen¬ 
sive — as much as $30,000, — so few are in amateur 
hands. However, you can build an instrument with 
similar performance for less than $300 if you're will¬ 
ing to give up certain features: 

1. Choice of multiple bandwidth 

2. Extremely linear logarithmic scale 

3. Small i-f bandwidth 

The resulting instrument, which I call the Sideband 
Noise Evaluator, is no longer in the class of the wave¬ 
form analyzer which permits measurements from a 
few Hz to 60 kHz or more, but it's ideal for measuring 
the noise sideband performance of oscillators. 

A block diagram of the device is shown in fig. 4. 
The local oscillator must deliver + 17 dBm drive and 


INPUT 



fig. 2. Simplified block diagram of a waveform analyzer. The frequency of the VFO is adjusted so the desired component of the 
input signal is mixed to the center frequency of the narrow bandwidth filter where it is amplified and measured. 
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the mixer must accept any frequency combination 
between 70 kHz and 200 MHz. This frequency range 
is sufficient to evaluate most oscillators used in radio 
communications systems. 

circuit description 

A feedback amplifier is used as a wideband termi¬ 
nation for the mixer and as a low-noise preamplifier. 
It also compensates for losses of the following crystal 
filter. While any i-f between 1 MHz and 10 MHz can 
be used for which suitably selective filters can be pur¬ 
chased, the chosen frequency of 5.695 MHz was 
based on the use of 125-Hz wide filters built by Sher¬ 
wood Engineering.* 

Two high-gain wideband amplifiers boost the sig¬ 
nal by about 80 dB and feed a second crystal filter. A 
post-amplifier is used to compensate for the second 
filter losses; a detection circuit drives an operational 
amplifier which in turn drives a meter and the age in¬ 
put for the wideband amplifiers. 

Two wideband amplifiers are used in the circuit, so 
there is more than 120 dB of age range available. 
Thus, the instrument should provide at least 100 dB 
dynamic range with the 125-Hz bandwidth filters. If 
you consider a sensitivity of 5 /A/ relative to 1 volt 
emf, this results in 120 dB/Hz resolution. 

Resolution could be increased 10 dB by using an i-f 
filter 1 kHz to 2 kHz wide, but it would not be possi¬ 
ble to make noise measurements closer than 4 kHz 
from the carrier. Therefore, the user must decide 
whether more than 120 dB dynamic range is 
required, or if it's more important to measure noise 
close to the carrier. In my opinion, close-in noise is 
very important because of the number of CW sta¬ 
tions which can be heard when receiver selectivity is 
set to 500 Hz; that's why I used the narrow 125-Hz 
filters. 

A complete schematic for the Sideband Noise 



Construction of tha Sideband Noise Evaluator showing the 
location of the printed-circuit board in the Ten-Tec 
enclosure. The meter is connected to the circuit with two 
lengths of miniature coaxial cable. 



fig. 3. Response curve for the 4-Hz wide bandpass filter used 
in the Rohde & Schwarz FAT3 waveform analyzer. The 
center frequency is at 80 kHz. 

Evaluator is shown in fig. 5. The Mini-Circuit Labora- 
toriest SRA3H was found to be the ideal choice for 
the input mixer; a 2N5109 CATV transistor with volt¬ 
age and current feedback both amplifies and pro¬ 
vides proper termination to the mixer's i-f port. The 
5.695-MHz filters from Sherwood Engineering are 
designed for 50-ohm input and output impedance; 
the Mini-Circuits 4:1 and 16:1 transformers provide 
correct circuit matching. 

The Motorola MC1590s which are used in the 
wideband amplifier are the perfect choice for this 
application.3 The gain of the stages is set by resistors 
R7 and R10, as discussed in the Motorola data sheet. 

The Texas Instruments 733 wideband amplifier 1C 
compensates for the losses of the second narrow- 
band filter. The three diodes at the output of the 733 
act as a voltage doubler and provide suitable time 
constants and thresholds to feed an LM301 opera¬ 
tional amplifier. The 50-pA meter is shunted with 470 
ohms to limit the reading to 45 ^A; for a full-scale 
reading this resistance value must be increased 
slightly. The two 10k resistors equalize age distribu¬ 
tion to the MC1590 ICs. 

After this circuit was built, I found two problems 
with the Sherwood filters. First, the center frequency 
was off by 47 Hz; relative to a 6-dB bandwidth of 125 
Hz, the discrepancy expressed in per cent is unreas- 

•Sherwood Engineering. Inc.. Dept. A, 1268 South Ogden Street. Denver. 
Colorado 80210. 

1 Mint-Circuits Laboratory. 2625 East 14th Street. Brooklyn. New York 
11235. 
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SRA3H ZX MCI590 

DOUBLE- 2N5/OS WIDEBAND 733 

balanced preamp filter amplifier filter amplifier detector 



fig. 4. Block diagram of the Sideband Noise Evaluator which may be used to measure oscillator sideband noise. A schematic 
diagram for the instrument is shown in fig 5. 


onably high. Second, the insertion loss of the Sher¬ 
wood filters was substantially higher than expected. 
When this was discovered, the 2N5109 preamplifier 
circuit between the double-balanced mixer and the 
first filter was redesigned. The circuit of the new am¬ 
plifier is somewhat more complex (see fig. 6) and 
costs an additional $5, but has nearly 20 dB gain. The 
gain of the circuit can be adjusted by changing the 
value of the unbypassed 50-ohm resistor in the emit¬ 
ter circuit of the first 2N5109. 

Unfortunately, the circuit board in fig. 7 was 
designed for the single 2N5109 preamplifier (fig. 5), 
but it shouldn't be too difficult to lay out a new PC 
board if you wish to use the improved preamplifier. 
This may be worthwhile because the improved pre¬ 


amp expands the instrument's dynamic range by 
almost 20 dB due to a substantial decrease in noise 
figure. 

calibration 

The Sideband Noise Evaluator requires no adjust¬ 
ments! It should be possible for amateurs who build 
this test setup to use it immediately without difficul¬ 
ty. Fig. 8 is a graph of output readings as a function 
of the rf input voltage (measured with a +12.0 volt 
power supply). While the scale is not as linear as that 
available with a commercial waveform analyzer, the 
curve permits adequate resolution for most noise 
sideband measurements. 

If the two-stage preamplifier is used, however, 
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fig. S. Schematic diagram of the Sideband Noise Evaluator Circuit operation is discussed in the text. The filters are Sherwood 
Engineering 5.696-MHz crystal filters with 125-Hz bandwidth. The4:1 and 16:1 transformers are from Mini-Circuits Labs. 
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fig. 6. Improved input preamplif ier for the Sideband Noise Evaluator which has nearly 20 dB gain. Gain can be adjusted by chang¬ 
ing the unbypassed 50-ohm resistor In the emitter of the first 2N5109. 


recalibration is necessary because of the higher gain. 
I recommend changing resistor R15 across the meter 
(fig. 5) to compensate for the increased sensitivity of 
the instrument with the improved preamp. 

crystal oscillators 

To obtain full use of the Sideband Noise Evaluator, 

I suggest you build a set of crystal oscillators. Funda¬ 
mental-frequency crystals can be purchased that op¬ 
erate between 400 kHz and 30 MHz in what is fre¬ 
quently called the parallel-resonant mode (which 


should more accurately be called the inductive 
mode). Fig. 9 shows a suitable low-noise crystal 
oscillator circuit with a wideband postarnplifier that 
delivers the required + 17 dBm output level or slight* 
ly more. Any inductive-mode crystal between 400 
kHz and 30 MHz can be plugged into this circuit and 
give useful output without any adjustments. 

The frequency range between 30 MHz and 100 
MHz can be covered by a crystal oscillator which 
uses either a third- or fifth-overtone crystal. How¬ 
ever, the oscillators must be tuned. Various overtone 



-f/ZV 



fig. 7. Printed-circuit layout (above) and component placement diagram (below) for the Sideband Noise Evaluator. Note that this art¬ 
work is approximately 67% of full size — a full-size PC layout is available from ham radio upon receipt of a self-addressed, stamped 
envelope. 
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fig. 9. Low-noise crystal oscillator for operation from 400 
kHz to 30 MHz; output is + 17 dBm. No adjustments are 
required. Inductors LI and L2 are 6 turns, center tapped, on 
1/4-inch (6-mm) TC9 core. 

oscillator circuits have been described in the litera¬ 
ture, but the authors have not discussed either short¬ 
term stability or sideband noise performance. Prob¬ 
ably the worst and noisiest of all oscillator circuits 
places the crystal between the transistor base and 
ground (fig. 10). The reason for the high noise con¬ 
tribution is that this circuit severely degrades the Qof 
the crystal. The noise sideband performance is par¬ 
tially dependent on the circuit but is determined pri¬ 
marily by the Q, of the resonator: an LC circuit, a 
high-Q, cavity, ora quartz crystal, and the latter has 
the highest Qof all known resonators. 

Fig. 11 shows a crystal oscillator circuit that can be 
used for third- and fifth-overtone crystals in the fre¬ 
quency range from 30 to 100 MHz, and delivers +17 


dBm to the double-balanced mixer. This circuit com¬ 
bines the best possible noise performance with high 
output power and excellent stability. 4 

The noise performance of the crystal oscillator cir¬ 
cuits of figs. 9 and 11 is better than 120 dB/Hz at 1 
kHz from the carrier, and 150 dB/Hz or more at 20 
kHz from the carrier. Because of their excellent noise 
performance, these circuits can be used as local 
oscillators without degrading receiver performance; 
very few oscillators and practically no frequency syn¬ 
thesizers achieve their low-noise sideband levels. 

measuring your receiver's 
oscillator sideband noise 

The easiest way to measure the noise sideband 
performance of the local oscillator in your receiver is 
to measure the "blocking" or reciprocal mixing. 
First, accurately calibrate the receiver's S-meter be¬ 
tween Si and S9 + 40 dB using a signal generator 
and an accurate attenuator (a suitable band is 14 
MHz). For the signal generator I recommend a crystal 
oscillator which uses a 14-MHz crystal. 

Tune the receiver to the frequency of the signal 
generator and increase the input to the receiver so 
the S-meter reads S9 4- 40 dB, Move the tuning dial 
10 kHz and note the S-meter reading; more than like¬ 
ly it will be S6. Assuming S9 is 100 /A/ emf (50 jtV ter¬ 
minated), and each S-unit is exactly 6 dB, then S6 is 
approximately 6 /A/. S9 + 40 dB is 5 mV, so the dif¬ 
ference between the two signals, for all practical pur¬ 
poses, is 60 dB. Since the measurement will probably 
be made with a 2.7 to 3 kHz ssb filter in the receiver, 
the conversion factor from 3 kHz to 1 Hz is about 35 
dB (10 log BWhz)- Therefore, the noise sideband per¬ 
formance of the internal oscillator is 95 dB/Hz 

To fully utilize the low intermodulation capabilities 
available with high-level, double-balanced mixers in 



rf 

current 

volts emf 

input 

reading 

(unterminated) 

1 volt 

42*tA 

1 volt 

- 10 dB 

AOfiA 

316 mV 

- 20 dB 

38 fiA 

100 mV 

- 30 dB 

34 

32 mV 

- 40 dB 

31 /iA 

10 mV 

- 50 dB 

28 fiA 

3.2 mV 

- 60 dB 

24 fiA 

1 mV 

- 70 dB 

21 fiA 

316 /iV 

-80 dB 

16 pA 

100/zV 

- 90 dB 

11 jiA 

32 pN 

- 100 dB 

5 jtA 

10 pH 

— 106 dB 

1 fiA 

5 jtV 


fig. 8. Calibration curve for the Sideband Noise Evaluator shows rf input in dB relative to 1 volt emf vs indicated output current. 
To convert to dB/Hz add 20 dB (because of 100 Hz filter bandwidth). 
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fig. 10. Popular crystal oscillator circuit that is very noisy 
because the Q of the crystal is severely degraded. This cir¬ 
cuit is not recommended for any application. 

modern communications receivers, the noise side¬ 
band performance must be at least 120 dB/Hz at 10 
kHz from the carrier. To meet this criterion, the noise 
sideband performance of the receiver LO in the 
above example must be improved by 25 dB. I recom¬ 
mend that every designer of high-frequency of 
vhf/uhf receivers or local oscillators build a Sideband 
Noise Evaluator to ensure noise performance of at 
least 120 dB/Hz at 10 kHz from the carrier.^ 



fig. 11, Ultra low-noise crystal oscillator circuit which can 
be used with third- and fifth-overtone crystals in the fre¬ 
quency range from 30 to 100 MHz. Output is + 17 dBm. 


references 

t Ufrich L. Rohde, "Sight Ways to Better Radio Receiver Design," Elec¬ 
tronics, February 20, 1975, page 87, 

2. R. F. A. Winn, "Synthesized Communications Receiver," Wireless 
World, October, 1974, page 413. 

3. Ulrich L. Rohde, "l-F Amplifier Design." ham radio. March, 1977, page 
10 . 

4. Ulrich L. Rohde, "Mathematical Analysis and Designs of an Ultra-Stable 
Low-Noise 100 MHz Crystal Oscillator with Differential Limiter,” Presented 
at the 32nd Annual Frequency Symposium, Fort Monmouth, New Jersey, 
April 24, 1978. 

5. Ulrich L. Rohde, "Effects of Noise in Receiving Systems." ham radio . 
November, 1977. page 34. 

ham radio 



Low down silhouette and streamlined good looks. 
That describes the Larsen KOirod Antenna. 

Performance that assures solid contacts with no 
power wasted in inefficient base or phasing colls and 
with none lost in inefficient high loss whips. Real 
performance... that, too, is what you get with the 
Larsen KUIrod Antenna 

These antennas were designed and engineered to 
meet the tough competitive needs of the two-way 
commercial communications fie Id. Today they are sold 
to these users throughout the U.S. and in Canada, 
Australia, South America, Mexico and in Europe, too. 
And often at a price some above competition. The 
reason has got to be performance. Well, OK... looks 
and performance. 

Now you can get these same Larsen Kulrod 
Antennas in leading Amateur stores. They are available 
In a variety of easy-to-lnstall permanent and temporary 
mounts to meet Amateur frequency needs on 144,220 
and 440 MHz. And even on 6 meters. 

Write for catalog and fact sheet and the name of the 
dealer nearest you. Then you, too, will say: “Thanks for 
the fine signal report. The antenna here is a 
Larsen KT3lrodi , ‘ 



rsen flntenncis 

Pioneers in communications antennas (or over 25 years. 


11611 N.E. 50th Ave. 
P.O. Box 1686 
Vancouver, WA 98663 
Phone: 206/573-2722 
Telex: 36-4428 


In Canada write to: 

Unit 101 

283 E 11th Avenue 
Vancouver B.C. VST 2C4 
Phone: 604/872-8517 


* KOirod i$ a Registered trademark of Larsen Antennas. Inc. 


October 1978 Q 57 







frequency synthesized 
local-oscillator system 


for the 
high-frequency 
amateur bands 

Design of a versatile 
frequency synthesizer system 
for high-frequency use 
which features 
exceptional spectral purity, 
10-Hz resolution, 
and low power-consumption 


This article is the first of a series which will 
describe a complete phase-locked local-oscillator 
system for amateur equipment with a single-conver¬ 
sion, 9-MHz i-f. The system offers performance 
which will meet the requirements of the advanced 
communication techniques of the 1980s — tech¬ 
niques which require frequency accuracy, stability, 
and calibration typically 100 times better than the 
best commercial equipment being sold today in the 
amateur market. This article describes the basic VFO 
synthesizer. Future articles will describe the phase- 
locked, 9-MHz BFO system, a universal phase-locked 
up-converter permitting operation on all bands, 160 
through 10 meters, and a variety of "acrobatic'' tun¬ 
ing methods possible only with frequency syn¬ 
thesizers. 

frequency synthesizer accuracy 

With routine care, a home builder can put together 
a frequency standard which will hold to 1 part in 10 7 
under room-temperature conditions. I believe that 

By Raymond C. Petit, W7GHM, Post Office 
Box 51, Oak Harbor, Washington 98277 
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every amateur station should have such a standard. 
Our rigs today usually have several free-tuning oscil¬ 
lators, each one subject to calibration errors, drift, 
and other inaccuracies, and the usual use of the stan¬ 
dard is to ensure that these inaccuracies are held 
within acceptable limits. 

Most operators are satisfied if they are within a few 
hundred hertz. The typical digital readout which is 
used in place of a VFO dial resolves the frequency 
only to the nearest 100 Hz. Thus, even if the counter 
timebase and all the oscillators not being measured 
are perfectly on frequency, a ±50 Hz uncertainty 
remains. To gain the very real 20-dB signal-to-noise 
level improvement possible with coherent CW and 
similar methods of radio communications now in 
development, the total frequency error must be held 
within 1 or 2 Hz. 

The only workable method of achieving this preci¬ 
sion in a variable-frequency system is to phase-lock 
every oscillator to the frequency standard. With this 
arrangement, proper setting of the standard auto¬ 
matically imparts the same accuracy to every other 
oscillator. 

The phase-locked frequency synthesizer is well 
established in the vhf-fm business, where its agility 
saves buying hundreds of crystals. When the channel 
spacing is 10 kHz and the width of the output fre¬ 
quency band is only a few per cent of its center fre¬ 
quency, the synthesizer is easy to build. The require¬ 
ments for a high-frequency synthesizer, however, 
are an entirely different story. Outputs must cover a 
wide range and 10 or 100 Hz "channel spacing" is 
required, but switching speed must still be very fast. 
Spurious outputs must be exceptionally low to pre¬ 
vent degrading the performance of wide-dynamic- 
range receiver designs. In addition, the synthesizer 
must be, like a VFO, easy to tune. Before going into 
the details of a practical circuit which meets these 
requirements, I'd like to discuss one problem which 
plagues most synthesizer designs. 

synthesizer noise 

All oscillators generate noise in addition to the 
desired signal. Such noise is usually classified into 
three categories: harmonics, nonharmonic discrete 
spurs, and phase noise. Harmonics are the easiest to 
eliminate. In applications where good harmonic sup¬ 
pression is required, a bandpass or lowpass filter at 
the output is usually sufficient. 

Nonharmonic spurs (parasitics) in oscillators are 
extraneous, unstable outputs at unpredictable fre¬ 
quencies. These are stopped by proper bypassing, 
shielding, and filtering in the design and construction 
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fig. 1. Block diagram of the basic synthesizer for high- 
frequency use. The VCO operates from 110 to 160 MHz; this 
same basic scheme may be used for a number of applica¬ 
tions in the range from 500 kHz to 16 MHz. Specifications 
for two hf synthesizers based on this system are given in 
table 1. 

of the circuit. In synthesizers there are several addi¬ 
tional sources of spurs: digital counter noise, mixer 
intermodulation products, feedthrough of an inter¬ 
mediate oscillator's signal to the output, modulation 
of a VCO by tiny amounts of the loop reference signal 
from the phase detector — these all serve to tremen¬ 
dously complicate designs. The presence of spurs in 
a receiver synthesizer's output produces birdies and 
the appearance of phantom signals in the i-f pass- 
band; the effect is very similar to that of inadequate 
image suppression. 

An ideal oscillator would concentrate all its output 
energy at just one frequency, the desired carrier fre¬ 
quency. Real oscillators behave as if they were mod¬ 
ulated by a broadband hissing noise. The result is 
that the oscillator's output energy is not perfectly 
concentrated at the carrier, but is smeared out above 
and below the carrier for many tens of kilohertz. The 
power level of this sideband noise typically dimin¬ 
ishes in direct proportion to its frequency offset from 
the carrier. 

If you had a super-selective bandpass filter with a 
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Construction of the frequency synthesizer showing the dote 
input switches (right) and output (top left). The 1 MHz TTL 
reference signal is connected to the circuitry through the 
coaxial cable. 

1-Hz passband arid used this filter to measure the 
levels of this noise compared to the carrier, you 
would find that a well-designed vhf oscillator would 
produce sideband noise about 80 dB below the car¬ 
rier for a frequency 100 Hz separated from the car¬ 
rier, 100 dB below at 1 kHz, and 120 dB at 10 kHz. 
The total power level of uniformly distributed noise 
which reaches the detector of a receiver is directly 
proportional to the i-f bandwidth. Thus, if instead of 
a 1-Hz filter you used a 2-kHz filter, the noise reading 
would be two thousand times, or 33 dB, worse: only 
88 dB down at 10 kHz offset. 

It has been known for many years that oscillators 
produce this phase noise, but until recently oscillator 
noise was among the least of the designer's worries. 
The bad effects of this noise were nothing compared 
to the effects of mixer intermodulation and front-end 
overload! But today the situation has reversed. 
During the past few years we have seen spectacular 
improvements in the design of receiver front ends 
combined with an increasing interest in frequency 
synthesizers. But a phase-locked synthesizer requires 
a voltage-tuned oscillator, and to replace a variable 
capacitor with a varactor diode instantly increases 
the oscillator noise level by as much as 20 dB. So 
now instead of a -88 dB noise level 10 kHz from the 
carrier, you have only - 68 dB. 

What does this mean in terms of performance? 
Assume you have a state-of-the-art i-f filter for ssb 
which guarantees suppression of at least 120 dB for 
signals 10 kHz away from the center. Theoretically 
you could listen to a 1 microvolt DX station without 
interference from a carrier 10 kHz away which was 
100 dB stronger, or 100 millivolts. But instead, the 68 
dB noise from the oscillator can mix with a carrier 


only 70 dB stronger 10 kHz away and produce a hiss¬ 
ing noise which would mask the weak DX signal. 
This effect is called reciprocal mixing, and if a syn¬ 
thesizer signal is not free of noise, it can negate all 
the high-performance features of the high-intercept 
mixer and super i-f filters. 

Fortunately, there is a way to improve the noise 
performance of a wide-tuning range VCO, and this 
method also gives us a synthesizer which can switch 
fast between frequencies while having very fine nar¬ 
row channel spacing. 

VFO synthesizer 

Two versions of the synthesizer can be built on the 
same circuit board. The first, or A version, covers 5 
to 6 MHz in 100-Hz steps. It provides coverage of the 
80 and 20 meter bands when used with a single-con¬ 
version i-f at 9 MHz. Version B covers a 500-kHz 
range in 10 Hz steps. It forms the basis for a three- 
loop local-oscillator system which covers all bands, 

160 through 10 meters, with the same 9-MHz i-f. You 
can build an A-version synthesizer and convert it 
later to version B simply by adding 3 components 
and changing the VCO coil. Table 1 gives specifica¬ 
tions for the two versions. 

Fig. 1 is a block diagram of the version B synthe¬ 
sizer. The design features low power consumption, 
very high spectral purity, fast switching, and rf out¬ 
put suitable for driving a diode double-balanced mix¬ 
er. The VCO covers 110-160 MHz in 1-kHz steps, 
operating in a loop having a 1-kHz reference frequen¬ 
cy. The VCO signal is divided by 100 to yield an out¬ 
put from 1100 to 1600 kHz in 10 Hz steps; phase 
noise performance is 40 dB better than the VCO, and 
frequency switching seems instantaneous to the ear. 

A novel feature is the use of the divide-by-100/101 

table 1. Specifications for the hf frequency synthesizers. Figures for 

phase noise are minimums; typical measured values are approx- 


imately 10 dB better. 

version A 

version B 

Output frequency range 

5.0-6,0 MHz 

1.1-1.6 MHz 

Resolution 

100 Hz steps 

10 Hz steps 

Output level 

Suppression of nonharmonic 

+10 dBm 

+ 10 dBm 

discrete spurs 

70 dB 

80 dB 

Phase noise, below carrier in 

80 dB, 100 Hz 

90 dB, 100 Hz 

1-Hz bandwidth, for stated 

100 dB, 1 kHz 

110 dB, 1 kHz 

offsets from carrier 

120 dB, 10 kHz 

130 dB, 10 kHz 

Switching speed 

30 ms 

30 ms 

Data input requirement 

Parallel BCD, 

10 volt CMOS levels, 4 


digits for version A, 5 digits for version B. 

Reference requirements 

1-MHz sine or 

square wave, at least 1 


volts p-p; input impedance of reference 
input approximately 50 pF to ground. 

Power 

12 volts dc, approximately 75 mA. 
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CR1 Dual varactor diode (Motorola MV104) 

LI 6 turns no. 22 (0.6 mm), 3 mm (1/8) ID, tapped at 2 turns 

RFC 6 turns no. 28 (0.3 mm) on F754-1-06 ferrite bead 

S1-S5 Miniature BCD 10-position rotary switches 


T1 Broadband rf transformer (Mini-Circuits Lab T16-1) 

*A complete kit of parts for this synthesizer including the double-sided PC 
board, data input switches, and enclosure is available for $210 from Petit 
Logic Systems, Post Office Box 51, Oak Harbor, Washington 98277. 


fig. 2. Schematic diagram of a frequency synthesizer that provides outputs from 1.1 to 1.6 MHz in 10 Hz steps. Total power con¬ 
sumption is only 75 mA. All resistors are 1/4 watt carbon film or composition; all polarized capacitors are dipped tantalum; non¬ 
polarized capacitors are ceramics. A kit of parts is available from the author.* 
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fig. 3. Seven-pole Chebychev lowpass filters for use with 
the version A synthesizers. Both provide about 60 dB atten¬ 
uation at twice the cutoff frequency. 


prescaler in the programmable counter system. With 
this prescaler, comparatively slow and low power¬ 
consuming CMOS programmable counters operating 
at frequencies below 2 MHz can control a VCO oper¬ 
ating at 160 MHz without sacrificing the 1-kHz spac¬ 
ing between adjacent steps. 

The 100/101 prescaler works as follows. Suppose 
the N counter is set to 1500 and the M counter to 
zero. The VCO locks at 150 MHz so the output of the 
prescaler is 150 + 100 or 1.500 MHz. Since N is 1500, 
the N counter output is 1 kHz as intended. Thus the 
N counter output represents 100 times 1500 or 
150,000 cycles of the VCO signal. At the end of each 
complete cycle of the N counter, both the N and the 
M counter are preset to the values given by switches 
SI through S5. 

Suppose the M counter is now set to 01. The pre¬ 
scaler goes through 1500 complete divides as before, 
except that the first divide is by 101 instead of 100. 
The result is that the N counter output to the phase 
detector represents not 150,000 cycles of the VCO 
output, but 150,001 cycles. Thus for any setting S 
given to the M counter, the first S prescaler divides 
are by 101, and the remainder are by 100. 

The most significant digit of the N counter is a 4- 
bit binary counter instead of a decimal counter. 
Thus, the maximum count available is 1599 instead 
of 999. The offset adder, U11, is programmed by 
jumpers to cause the synthesizer to deliver output 
frequencies which correspond in an appropriate way 
to the settings of SI. 

To build a version-A synthesizer, the inductance of 
the VCO coil is increased to resonate with the varac¬ 
tor at 55 MHz; U2 is omitted, and the base of Q3 is 
connected directly to pin 8 of U1; U11 is omitted; 


U12 preset is set to binary 5, and SI is omitted. S2 
then becomes the 100 kHz digit, S3 the 10 kHz digit, 
and so on. 

assembly and checkout 

If a fault develops in a PLL system, it is often diffi¬ 
cult to locate because many faults all exhibit one 
symptom, the loop goes out of lock. By assembling 
the system one section at a time and then checking 
that section before continuing assembly, trouble 
spots can be quickly located. Here is the procedure 

1 use: 

1, VCO and divide-by-100. Assemble the circuits 
starting at TP1, going through Q1, Q2, Q3, U1, U2, 
and U3. Take a potentiometer of any convenient 
value from Ik to 500k and connect the slider to TP1, 
one end to ground, and the other end to the 12-volt 
supply. With this you will be able to manually set the 
VCO control voltage to any value over its entire 
range. Apply power and check for at least 9 volts dc 
at the drain of G1 and 5 volts at pin 5 of U1 and pin 14 
of U2. Check for a TTL-level signal at a frequency 
below 20 MHz at TP2. Check for a TTL signal below 

2 MHz at TP3, holding TP4 at ground. Connect a 51- 
ohm resistor across the output terminals and check 
for an approximately 2-volt p-p squarewave across 
this resistor. Leave TP4 grounded. 

The following discussion assumes that the synthe¬ 
sizer under construction is the 1.1 to 1.6 MHz ver¬ 
sion. Set the control voltage to 2 volts and adjust Li 
by slightly compressing or stretching the coil until the 
output frequency is 1.1 MHz. Then bring up the con¬ 
trol voltage to 10 volts and check that the output fre¬ 
quency is approximately 1.6 MHz. (If you don't have 
a frequency counter, a standard a-m broadcast radio 
will work.) If the frequency isn't quite 1.6 MHz, 
stretch the coil slightly. 

If you are building the 5-6 MHz version, set the 
control voltage to about 6 volts and adjust the coil LI 
until the output frequency is 5.5 MHz. 

2. 100/101. Assemble the circuits U4 through U7, 
including the resistor network leading to TP9. Apply 
power and check for 5 volts at pin 5 of U4 and pin 14 
of U5 and U6. Connect TP9 to 12 volts. Observe a 
signal at TP5 which is identical to that at TP2. Check 
for the same signal inverted at TP6. Observe an ECL- 
level signal at TP7 which has the same frequency as 
the signal at TP3 except that it is at the lower logic 
level for one-tenth of the time and at the higher for 
nine-tenths of the time. Measure the signal at TP8. 
Then remove the connection from the power supply 
to TP9 and ground TP9; this should cause the fre¬ 
quency at TP8 to go down by 1 per cent. 
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3. Programmable counter. Assemble all the cir¬ 
cuits of U10 through U16, the BCD switches, and the 
jumper-wire programming for U11. Apply power and 
check for at least 10 volts on pin 14 of U10, pin 5 of 
U11, and pins 16 of U12 through U16. Set the control 
voltage for 6 volts and set the data input switches to 
values representing the center of the synthesizer fre¬ 
quency range. TP10 should show an extremely nar¬ 
row negative pulse at a frequency of approximately 1 


critical value, the TP12 voltage should be near zero, 
and vice versa. As you move the potentiometer back 
and forth over this critical value, the TP12 signal 
should abruptly jump from near zero volts to near the 
positive supply voltage and back. 

5. Closing the loop. Remove the potentiometer 
from TP1. Solder in the 27k resistor and the diodes 
CR2 and CR3. Apply power and observe the voltage 
at TP12 with a VTVM or scope using a 10-megohm 



Bottom view of the double-sided PC board used for the high-frequency synthesizer. 


kHz. Adjust the control voltage over its entire range 
and check that this pulse signal frequency rises and 
drops smoothly with your adjustments, not making 
sudden jumps or disappearing. With a scope con¬ 
nected to TP9, change the settings of S4 and S5 and 
observe a 1-kHz negative pulse, the width of which is 
proportional to the settings from 00 to 99. 

4. Reference divider and phase detector. Assem¬ 
ble the circuits of U8 and U9, including the loop filter 
except for the 27k resistor and the two diodes CR2 
and CR3. Apply power and check for at least 10 volts 
at pins 16 of U8 and U9. Connect the output of a 1- 
MHz frequency standard to the reference input ter¬ 
minal. Observe a 1-kHz pulse waveform at TP11. 
With SI through S5 at the mid-frequency setting, 
observe the voltage at TP12 while varying the control 
voltage. When the control voltage is above some 


probe. The voltage should be at an intermediate 
value. Touch the VCO components with your finger 
and observe the voltage rise slightly. The output fre¬ 
quency of the synthesizer should now correspond 
exactly to the settings of SI through S5, allowing for 
possible inaccuracies between the counter timebase 
and the reference oscillator used for the synthesizer. 

Remove the ground from TP4. When making large 
frequency changes, the output of the synthesizer will 
be interrupted for perhaps 0.1 second. Remove the 
signal from the reference oscillator and the synthe¬ 
sizer output should disappear and remain off until the 
reference oscillator is reconnected. When making 
frequency changes of 1 kHz or less, the output is not 
interrupted at all. The disable function insures that, 
if, for any reason, the synthesizer is not locked and 
stable, it will have no output. 

ham radio 
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The 3600A, 3550W and 3240HH Frequency 
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second generation 

reciprocating detector 


An updated version 
of the reciprocating detector, 
which can be used 
in solid-state receivers 
with high-frequency 
i-f strips 


During the past three years I've had many 
requests for revisions to the reciprocating detector 
circuit 1 so that it can be used directly at high frequen¬ 
cies. Here's an updated 1C design that can be used at 
frequencies up to 20 MHz, 

background 

Early attempts to directly use the RD above 5 MHz 
required very careful circuit layout to reduce or elimi¬ 
nate inter-circuit coupling, and in particular to main¬ 
tain the correct phase relationship required in the 
feedback loop. Also, the detector portion operated 
as a half-wave rectifier. A current-regulating source 
had to be adjusted to cause the signal diode to oper¬ 
ate at a level just below conduction, so that at fre- 


The "reciprocating detector" was designed by R.S. Badessa at 
M.l.T. The RD features a carrier-synthesized reference signal and 
requires no external bfo. The circuit offers advantages over conven¬ 
tional detectors in that it adjusts its bfo level automatically in pro¬ 
portion to the average signal level received. First introduced in ham 
radio in March, 1972, the RD has gone through several metamor¬ 
phoses, The version presented here uses ICs and can be used in 
modern receivers using semiconductors. Also included is a design 
fora 10.7-M HZ ssb filter for singlepassband receivers. Editor. 


quencles above 5 MHz the diode and its circuitry 
ceased to perform uniformly. Result — a badly dis¬ 
torted detected signal. 

Despite the distortion, in some cases the circuit 
performed well enough for signal identification. But 
much was to be desired. A cure for individual cases 
was to adjust the bias level for the current-source 
diode until it just conducted on noise. In most cases, 
with a tube receiver that produced i-f signals to the 
RD input exceeding the saturation level of the com¬ 
plete circuit, a clipped response occurred. Single 
sideband signals then became unmanageable 
because of widely varying signal levels that couldn't 
be controlled by the age systems in older tube 
receivers. 

The original circuit was designed to be used in 
receivers such as the Collins 51 SI and Drake R4A, 
which have highly selective dual or adjustable filters 
in the receiver i-f passband. In the 51 SI receiver the 
i-f output was fed to the RD through a cathode fol¬ 
lower; the maximum output level could not exceed 3 
volts. The application using the Drake R4A employed 
enough attenuation through the coupling to the orig¬ 
inal product detector output transformer to preclude 
saturation. 

An updated design, which uses ICs, allows the RD 
to be incorporated into more modern receivers. 
Models of the new circuit have been made for 10.7, 
16, and 20 MHz. Test models were constructed using 
point-to-point wiring. Later models used PC boards. 

circuit description 

The circuit consists of two amplifier chips, IC1, 
and IC2 (fig. 1). These are monolithic wideband 
amplifiers with frequency response between 10 kHz 
and 20 MHz. These chips are 10-lead devices in TO-5 
cans. A third rf amplifier, IC3 is a balanced differen¬ 
tial amplifier using an internal constant-current 
source, which eliminates the orignal problem caused 

By Stirling Olberg, W1SNN, 19 Loretta Road, 
Waltham, Massachusetts 02154 
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fig. 1. Schematic of the reciprocating detector MKII using 
wideband-amplifier ICs, (A). Also shown are an alternative 
power scheme for receivers using a high-voltage dc supply, 
IB), a test setup for adjusting the filter, (C), and a schematic 
for a 10.7-MHz ssb filter, (D). 
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by the biased, half-wave rectifier. This amplifier oper¬ 
ates from 0-100 MHz. This wideband response allows 
the circuit to work in the same manner as the original 
current source for the detector and as the reciprocat¬ 
ing switch. These two functions are improvements 
over the old circuit. The dynamic range improvement 
alone is worth the effort. 

Tracing the signal through the circuit, we see that 
a capacitive input circuit couples the rf signal into IC3 
input. The capacitive coupling isolates any direct cur¬ 


rent that might be superimposed on the rf signal from 
the i-f ouput circuit. The input signal is then applied 
to a phase-shift network, then to one set of inputs of 
IC1 and IC2. These three inputs are then provided 
with a signal path that's essentially in series with the 
reference signal, or beat frequency similar to a con¬ 
ventional product detector. 

The reference frequency is generated by filtering a 
portion of the received signal through a narrowband 
crystal filter, FL1. The push-pull output of this filter 


October 1978 89 69 









fig. 2. PC board layout for the updated reciprocating de¬ 
tector. 

feeds this signal into the balanced inputs of IC2 and 
IC3. We now have the circuit reference by virtue of a 
carrier-controlled feedback loop. The feedback loop 
response time is determined by the slow recovery 
time of the narrowband filter; therefore, noise pulses 
are reduced or eliminated. 

IC4, an op amp, is an audio amplifier. The 
received-signal audio envelope is taken from the 
input filter, FL1, then applied through two lowpass 
filters to the 741 1C. This amplifier audio gain is estab¬ 
lished by the feedback resistor (51k). This value may 
be changed for a higher or lower level; however the 
gain will overdrive the first audio inputs of most com¬ 
munications receivers. A 20k trimpot at the audio 
amplifier output allows gain control. 

The RD will work in any receiver if its i-f matches 
that of the RD reference filter. For best results, nar¬ 
rowband i-f filters offering high selectivity are a major 
requirement. Many receivers use dual filters offset by 
the correct dispersion to allow either sideband to be 
selected by switching in the appropriate filter sec¬ 
tion. Others use adjustable filters to obtain the same 
effect. I-f passband circuits using single filters, as in 
many of the older tube receivers, also perform nicely. 
With 1.8-kHz filters, however, only one side can be 
used unless the reference or beat frequency is dis¬ 
placed to center the signal in the filter. The older 
reciprocating detector circuits didn't provide for this 
problem. 

Circuitry to show how a filter can be constructed 
for upper/lower sideband selection for use in 
receivers with single passband filters, incorporating 
three crystals, is shown in the filter circuit. If your 


receiver uses filters to select sidebands, then only 
one crystal, set in the i-f passband center, will be 
required. 

construction of a 
10.7-MHz RD filter 

The filter used in an RD is not a complicated 
device. It has a shape factor similar to that of the old 
variable crystal filters. It's not a wide passband filter 
because it's used to select the beat-frequency signal. 

On a Micro Metals T50-2 toroid core wind 14 turns 
of 0.2 mm (no. 32) enameled wire. Secure the wire 
so it won't become loose. Use tape or nylon string. 
Make sure the coil leads are at least 30 mm (1-1/2 
inches) long and are scraped clean of insulation. 
Next, fold a 30-cm (12-inch) length of the same type 
wire in half. Twist this pair of wires until you have at 
least eight twists per 25 mm, or 8 twists per inch. 
(This is called a bifilar pair.) 

Now, using the bifilar pair, wind on the same form 
a three-turn winding and secure it. This coil should 
be wound in the area not used by the previous wind¬ 
ing, but it isn't important that it be exactly placed 
or spaced in this area. Next clean off each of the wire 
ends; then, with an ohmmeter, identify each coil 
separately. They will be used to complete the con¬ 
nections identified in the filter drawings as C, C', D, 
and D'. 

After each winding has been identified, the ends 
opposite each other can be connected to provide the 
center-tapped winding signified as C' and D in fig. 1. 
This toroid will contain three coils. Now, on a second 
core of the same type, wind two eight-turn windings 
of the bifilar pair and scrape the four ends. Again, 
with an ohmmeter, identify each coil. These ends 
can be designated A, A", B, and B'. 

Mount each coil on the PC board as shown (fig. 2). 
If you're not using the board, mount the coils about 
30 mm (1-1/2 inches) apart. Don't tighten the coils 
yet. Next, mount the crystal between each toroid, 
then wind a single turn of 0.2 mm (no. 32) enameled 
wire on each toroid, terminating one end of each coil 
on a crystal terminal or the switch, whichever the 
case may be. The other two coil ends should be con¬ 
nected together. 

If your receiver has selectable sideband filters, a 
single crystal will be required. If not, then wire it as 
shown in the filter diagram (fig. 1) and include all 
three crystals. In this case, a selector switch must be 
used at the filter location. If this is the case, connect 
the link ends from the two coils to the appropriate 
switch contacts. Reed switches can be used and pro¬ 
vide excellent low-loss control. 

The filter components are for 10.7 MHz but will 
work at 9 MHz with different crystals. The compo- 
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nents can be juggled to work around that frequency 
range. Lower frequencies will, of course, have a 
higher inductance value. 

The crystals can be purchased from any of the 
manufacturers currently advertising in most of the 
amateur magazines. It's best to use fundamental-fre¬ 
quency crystals mounted in an HC6/U holder, with 
wire leads to make soldering easy. This doesn't pre¬ 
clude other types of holders or pin-mounted crystals; 
however, some of the alignment procedures will be a 
little more difficult, particularly if pressure-type hold¬ 
ers are used. 

checkout and test 

Connect a signal generator and scope or rf volt¬ 
meter through terminating resistor R as shown in the 
test setup. Set the indicator to a high sensitivity and 
the signal generator to a high output level. Carefully 
tune the signal generator across 10.7 MHz. An indi¬ 
cation with a very sharp upswing in level will occur 
when passing through crystal resonance. Carefully 
adjust the signal generator to the peak of the up¬ 
swing. Then, with an insulated screwdriver, adjust 
the 9-35 pF capacitors for future increase. The scope 
sensitivity and the signal-generator output level will 
have to be reduced as the resonance of each coil is 
reached. Frequent readjustment of the signal genera¬ 
tor will be required to keep it centered at crystal 
resonance. As the adjustments proceed you'll notice 
that the sharp increase at the crystal frequency will 
become easier to adjust. 

If a three-crystal unit is to be constructed, make 
these adjustments at the passband center or with the 
a-m crystal in the circuit. The other two crystal fre¬ 
quencies are as sharp as that of the a-m resonant fre¬ 
quency and will be within the inductor resonant 
frequency. 

To use the RD in the ssb mode with a single i-f 
passband filter, it won't be necessary to offset tune 
the receiver. Simply use it as you normally would. It's 
like having a crystal controlled bfo — simply switch 
in the appropriate crystal. 

RD construction 

The reciprocating detector is simplicity itself to 
construct. Attention to component placement is sim¬ 
ilar to that of any high-frequency device. The filter 
leads can be connected, after filter adjustment, to 
those points shown (fig. 1) that are alphabetically 
marked. Use leads as short as possible. 

A slight tweaking of the filter might be required 
after it's installed in the receiver. Use care as to the 
length of the lead to the RD rf input. This is a two- 
way street: if the lead is too long, external pickup can 
cause interference to the hf i-f stages; if the lead is 



fig, 3. Component placements for the reciprocating detec¬ 
tor circuit board. 


shielded and too long, it can detune the i-f stage to 
which it is connected. So a short signal path is 
required, or an emitter or source follower will be 
required to reduce these effects. 

The choice of how the audio is routed is up to you. 
It can be connected as shown in the references or 
used with an external amplifier. Since the output 
level is in the 100-millivolt level, it can easily drive an 
external amplifier. 

power supply 

Power requirements for the new RD are further 
simplified. The older unit required a dual balanced 
supply source, but this unit requires a single 12-volt 
supply at 40 milliarnperes. The RD supply can be tak¬ 
en from the receiver supply filter output if it's 12 
volts. Or you can use a higher-voltage supply, such 
as found in a tube reciver, if you use the alternative 
supply scheme shown in fig. 1. 

I will be pleased to hear from anyone who has used 
the RD and will communicate with all who write. 
Please include a self-addressed, stamped envelope 
with your letter. 

reference 

1. Stirling Olberg, W1SNN, "Reciprocating Detector,’* hum radio, March, 
1972, pages 32 35. 
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digiratt PLL 2 


— dual demodulator 
terminal unit 

Continuing in the 
digiratt series, 
the PLL 2 demodulator 
uses dual phase-locked loops 
to help eliminate 
loss of signal due to fading 

Phase-lock loop terminal units have been around 
in various forms for several years. As a means of 
receiving RTTY signals inexpensively, they are cer¬ 
tainly worth considering. The one common draw¬ 
back to PLL terminal units is that they decode only 
half the available information present in the RTTY 
signal. Many comments have been made by ama¬ 
teurs over the years that this fact really isn't a draw¬ 
back at all, because there are only two possible 
states that the RTTY signals can be in at any one time 
and the absence of one condition indicates the exis¬ 
tence of the other. 


There is, however, an occurrence known as selec¬ 
tive fading which can completely eliminate one half 
of the RTTY signal while leaving the other intact. If 
you happen to be tuned to the particular tone which 
fades out, you'll find your printer ceasing to operate 
until the tone returns. 

PLL terminal units have several good points. 
Among these are: 

1. They will follow a drifting signal until it leaves 

their passband. 

2. Since they are inherently frequency selective, 

they do not require passive input filters. 

3. They are not expensive. 

It follows then that if a means could be found to 
use PLL circuits to decode both RTTY signals (mark 
and space), the overall usefulness of the terminal 
unit would be improved. 

The original Digiratt PLL terminal was an attempt 
to design a low-cost vhf terminal unit and AFSK gen¬ 
erator. 1 I received letters from all over the world 
which led me to believe that there is a large amount 
of interest in a simple means of decoding RTTY sig¬ 
nals. The Digiratt PLL 2 is the direct result of those 
letters and is presented here as one possible ap¬ 
proach to the need for such a unit. 

The Digiratt PLL 2 is composed of two identical 
tone demodulators, using the 567 phased-lock loop. 

By John Loughmiller, KB9AT, Route 1, 
Box480C, Borden, Indiana 47106 
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fig. 1. Schematic diagram of the 567 phase-locked loop used 
as a demodulator. In this case, two 567s are used; the first 
will demodulate the space signals while the second is for 
the mark frequency. 

A two-stage active filter is included, and may be 
switched into the circuit ahead of the PLL inputs in 
order to detect low-level signals. Additionally, a very 
novel logic circuit, which has the capability to re¬ 
generate missing information during selective fading, 
follows the PLL portion of the terminal unit. 

circuit description 

The description of the PLL circuits themselves can 
be found in the original Digiratt article; this unit uses 
the same decoder circuitry. Decoder A (see fig. 1) is 
tuned to the mark frequency of 2125 Hz, with de¬ 
coder B tuned to the space frequency (2295 Hz). The 
A decoder capture frequency is slewed low and the 
B decoder slewed high so that there exists an area 
from approximately 2190 Hz to 2220 Hz where 
neither PLL will conduct. The exact procedure for 
accomplishing this operation will be covered in the 
alignment section. 

SELCOMP is a name the author has given to the 
logic responsible for the Selective fading COM Pen 
sation which is part of the Digiratt PLL. 2 The sche¬ 
matic diagram is shown in fig. 2. In order to under¬ 
stand its operation, two separate conditions will be 


explained, normal full-signal operation and opera¬ 
tion under "no space" conditions. 

Normal. A low-going mark signal is buffered by U5A 
and then sets the RS latch, U6. The output from the 
latch causes the multiplexer, U8, to select its pin 5 
input. The mark signal then appears at the base of 
Q1, the selector magnet driver circuit. A subsequent 
low-going space signal will reset the RS latch, caus¬ 
ing the multiplexer to select the pin 6 input. Since the 
space input from the decoder is a low true signal, it 
is inverted by U4. Therefore, the output from the 



fig. 2. Under normal conditions, the multiplexer switches 
between the mark and space signals. If either signal is lost, 
the logic will continue to use the remaining signal as the 
drive for the selector magnets. The Q and Q outputs from 
U8 allow you to use either normal or inverted data. The 100 
Vdc for the selector magnets comes from the power supply 
shown in fig. 5. 


multiplexer will be low for mark and high for space. 
Also, the complement signal from the multiplexer 
can be used to provide for normal and inverted 
signals. 

No Space. Now, assume that space data is lost. 
When this occurs, the RS latch will never reset and 
the magnet driver will receive only mark data. If mark 
data is lost, the selector magnet is driven by space 
data because the RS latch is never set and therefore 



AUDIO 

our 


fig. 3. Schematic diagram of the 2-stage active filter. Using an LM3900, this filter provides 23-dB gain, with a designed center fre¬ 
quency of 2210 Hz. All resistors are 1 /4 watt, 1 per cent tolerance. Cl and C2 are polystyrene capacitors. 
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the multiplexer always looks at the incoming inverted 
space data. 

Because of this logic scheme, selective fading is 
greatly minimized. There is one condition which the 
logic will not correct, and that is a selective fade 
during a 22 ms character element. In other words, if 
a single bit is lost there is very little any simple sys¬ 
tem such as SELCOMP will do for the problem. 

Fortunately, such rapid selective fading is relatively 
rare, A much more common occurrence is printer 
noise or external impulse type noise, which your re¬ 
ceiver's noise blanker will generally handle. 

The active filter, as shown in fig. 3, is a two-stage 
device with a gain of approximately 23 dB and a Q 


of 25. The center frequency is 2210 Hz. For the read¬ 
er who wishes to design his own filter, the formulas 
are included in the appendix. 

Unfortunately, the use of an active filter, and its 
added performance, is offset due to the rather large 
additional cost of 1 per cent resistors. 

The back-to-back diodes, across the audio input, 
are required to prevent front-end overloads. These 
diodes should be used if the active filter is not built, 
in that case, the diodes are connected across the 
common feed point. 

construction 

Construction of the PLL 2 is straightforward, with 



CIRCUIT BOARD SPEC l At t $ T $ PO BOX <?&9 PuEBLO CO 8100? 
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fig. 4. The circuit board for the PLL 2 Is shown In A, with the parts placement diagram shown in 8 
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the entire circuit mounted on a single printed circuit 
board.* A copy of the printed circuit board and its 
parts placement are shown in fig. 4. The cabinet, 
which housed the prototype, measured 15 x 29 x 
9 cm {5-7/8 x 11-3/8 x 3-1/2 inches), t Use shield¬ 
ed audio cable from the input connectors to the cir¬ 
cuit board. For difficult RFI problems, you can apply 
0.01 -/aF capacitors at the V cc pin of each 1C. 

alignment 

The Digiratt PLL 2 should be aligned as follows: 

1. Apply a 2125 Flz, 1-volt, p-p sinewave into the 
audio input of the unit. 

2. Adjust the decoder A until the mark-indicating 
LED illuminates. 



fig. 5. Power supply for the Digiratt PLL. 2 When mounting 
the LM309Ks, ensure that an adequate heat sink is provided. 


3. Change the audio input to 2295 Flz and repeat 
the procedure for decoder B. 

4. Reset the audio source for 2190 Flz and adjust 
decoder A until the mark LED goes out. 

5. Reset the source for 2125 Flz and verify that 
the mark LED illuminates. 

6. Again reset the source to 2190 Flz and verify 
that the mark LED goes out. 

When the above conditions can be met, the mark 
portion of the circuit is aligned. 

Decoder B is adjusted in the same manner, using 
2220 and 2295 Hz. If you now sweep the frequency 


* A complete kit of parts is available from Circuit Board Specialists, Box 969, 
Pueblo, Colorado 81002 for $31.10. The circuit board alone costs $7.50. 

TAvailable from Radio Shack - RS270-282, 



In the foreground is the RY generator board {ham radio, 
January, 1978). From left to right, Prototype PLL twin 
decoders and Sel-comp logic, low voltage supply, 100 VDC, 
100 mA loop supply is on the extreme right. 


from 2050 to 2350 Hz, the mark LED should illuminate 
at 2125 Hz, remaining on until 2190 Hz. At 2220 Hz 
the space LED should light until you reach 2295 Hz. 
Between 2190 and 2220 Hz, neither LED should be 
be on. 

summary 

The Digiratt PLL 2 is not the ultimate terminal unit, 
however the builder can expect very satisfactory 
results from it in all but the most adverse conditions. 

The following persons have been most helpful to 
me over the past year or so during which I have been 
designing the various Digiratt projects: Don Smith, 
W9EPT; Bernie Holtman, W4GO; and Gus Bezy, 
K9FUI. 


appendix 

Design equations for a two-stage, bandpass filter using an LM3900 
Norton amplifier. 2 

25 


R 1. R‘t, and R6 = 
where F t 


6.283 x F a x Ci 

center frequency in Hertz 


Ci ~ chosen value in Farads 


R2 = R1 X ! 5 306 
Rl 

623 3-1 
2RI 


R3 = 
R 5 


R7 ~ 
R8 - 


)R1 

Rl x R7 
Rl + R7 


Cl. C2 = Any convenient value 

These equations will yield a two stage filter with a gain of 23 dB 
and a Qof 25. Use 1 per cent resistors. 


references 

1. John Loughmiller, WB9ATW, "Digiratt - RTTY AFSK Generator and 
Demodulator," ham radio. September, 1977, page 26. 

2. "The LM3900," Linear Applications, Volume I. National Semiconductor 
Corporation. Santa Clara, California, 1976. 
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nigh-sensitivity 

preamplifier 

for frequency counters 


Discussion of the 
design requirements 
for a counter preamplifier, 
which in addition to 
high sensitivity 
and input impedance 
also exhibits frontend 
overload protection 


Frequency counter design has been greatly simpli¬ 
fied since the introduction of the Intersil 7207/7208 
and the recent 7216/26 integrated circuits. Several 
designs have appeared in ham radio^Z which make 
use of the 7207/7208 chip set with simple preampli¬ 
fiers. Since a frequency counter's performance is 
largely limited by the preamplifier used to condition 
its input signal, this stage should receive significant 
attention during the design phase. 

Such a preamplifier should have high input imped¬ 
ance, much like that of an oscilloscope vertical ampli¬ 
fier. It should also have enough sensitivity to permit 
the use of a X10 oscilloscope probe for minimum 
circuit loading, even at high frequencies. The pream¬ 
plifier should be able to handle large input signals 
without overload, necessitating some form of input 
attenuator. Since the 7208 is a 5-MHz counter, the 
preamplifier should have a 50-MHz bandwidth for 
use with a prescaler. For proper counting of low-fre¬ 
quency signals with slow rise and fall times, the pre¬ 
amplifier should make use of a Schmitt trigger with 
hysteresis to prevent multiple triggering. A lowpass 
filter is also useful for counting noisy low-frequency 
signals. 

preamplifier design 

One method of achieving the high input imped¬ 
ance is to use an fet input stage followed by a broad¬ 
band integrated circuit amplifier for high sensitivity. 


By Paul Kranz, W1CFI, Mettacomett Path, 
Harvard, Massachusetts01451 
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fig. 1. Schematic diagram of the high sensitivity 0-50 MHz preamp and vhf prescaler. Input sensitivity ranges from less than 5 
mV at 1 MHz to about 21 mV rms at 50 MHz. Note that the 733 uses the 14-pin DIP package. The filter (S2) is used to ensure accu 
rate counting while measuring noisy low-frequency signals. 


Overloading of the fet input stage can be prevented 
by a diode limiter and an attenuator. Since there are 
a variety of TTL integrated circuits available with 
Schmitt trigger inputs, one of these devices can pro¬ 
vide the hysteresis and also the TTL signal condition¬ 
ing. With the Schmitt trigger operating correctly, 
enough gain can be added ahead of it to provide sen¬ 
sitivity into the low-millivolt region. 


The circuit that resulted from this approach ap¬ 
pears in fig. 1. I've also included the vhf preamplifier 
and prescaler discussed by K4JIU. 

The hysteresis and TTL signal conditioning are pro¬ 
vided by a 74S132, which has a worst-case hysteresis 
of 0.8 volts. Therefore, I needed a preceding voltage 
gain of at least 100 to attain a sensitivity of a few mil¬ 
livolts. A 733 broadband amplifier seemed to be just 




fig, 2. Circuit board layout for the preamp: bottom of board, right; component side, left. 
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the device, since it will provide a voltage gain of 400 
to approximately 40 MHz. 

During the breadboard testing, I found that the 733 
would break into oscillation whenever I connected a 
X10 oscilloscope probe to its output. I was able to 
eliminate the problem by connecting a small resistor 
in series with the probe, thus reducing the capacitive 
probe loading on the 733 output. For this same 
reason, it seemed like a good precautionary measure 
to include some resistance between the 733 output 
and the 74S132 input. I chose R11 to be as large as 
possible and yet provide for proper sinking of the 
74S132 input current by the 733 output under worst- 
case conditions. 

The fet buffer amplifier, composed of Q1, 02, and 
03, has the high-input resistance and low-input 
capacitance necessary for an oscilloscope-type in¬ 
put. In this stage, 02 is a current source which offers 
several important benefits. First, it provides a high- 
source impedance for 01 so that its voltage gain is 
nearly unity. Second, it serves as an active current 
sink to pull down the base of Q3 on negative-going 



fig. 3. Parts placement diagram for the high-sensitivity pre¬ 
amplifier. 


half cycles of the input signal. Lastly, it provides a 
measure of temperature compensation so that the 
maximum signal swing is available over a wide range 
of operating temperatures. 

A significant reduction in the input capacitance of 
an fet preamplifier can be obtained by driving the in¬ 
put transistor's drain in phase with the input signal. 
This technique, implemented by C3 and R4, virtually 
eliminates the drain to gate capacitance of 01, thus 
reducing its input capacitance by as much as 5 pF. 

I spent most of my design time on the components 



fig. 4. Input sensitivity curve for the counter preamplifier. 

in the gate circuit of 01. These components control 
input capacitance, input resistance, overload charac¬ 
teristics, and lowpass filtering. At low frequencies, 
and for small signal amplitudes, the input circuit con¬ 
sists of only R1. The gate bias current is supplied by 
CR1, CR2, and R2. As the low-frequency input signal 
increases in amplitude, CR1 and CR2 begin to con¬ 
duct and form a 100-to-1 voltage divider between R1 
and R2, thus limiting the 01 gate voltage. Lowpass 
filtering is provided by R1 and C2, which have a 16- 
kHz corner frequency. With high-frequency input 
signals, Cl compensates for the input capacitance of 
the Q1 gate components and keeps the voltage gain 
of the stage roughly constant. The price paid for this 
is the unavoidable lowering of the input impedance 
of the preamplifier as frequency increases. The 
R1-R2 attenuator rapidly loses effectiveness as the 
input frequency increases above 1 MHz. Again, this 
is due to the shunting effect of Cl. An input attenua¬ 
tor, R3 and SI, solves this problem so that it is possi¬ 
ble to connect as much as 60 volts rms directly to the 
counter input at 5 MHz and still obtain correct count¬ 
ing of the input signal. Without this attenuator, the 
preamplifier would saturate at 3 volts rms input at 
frequencies above 10 MHz. 

construction 

A printed circuit layout and component assembly 
appear in figs. 2 and 3. The two-sided printed circuit 
board contains the high-frequency preamplifier as 
well as the 500-MHz prescaler. Short conductor 
lengths and liberal use of bypass capacitors have 
kept the circuit stable and free of oscillations in the 
four preamplifiers which have been assembled. 

The attenuatorswitch and filter switch are designed 
for printed circuit board mounting and may be diffi- 
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fig. 5. Equivalent circuit for the input of the preamplifier. At 
signal levels up to 50 mV rms. the amplifier has an equiva¬ 
lent input impedance of 4 megohms shunted by 10 pF. 

cult to procure. However, there is no requirement 
that they be mounted this way. Actually, a decrease 
in input capacitance may be obtained by mounting 
them off the printed circuit board. 

In order to reduce the input capacitance, C20 was 
mounted between T3 and the input BNC connector. 
A 1.5-megohm resistor may be connected between 
T3 and T4 to standarize the input, to one megohm 
shunted by 10 pF. 

The preamplifier will require approximately 70 mA 
from the + 5 volt supply and 40 mA from the - 5 volt 
supply. 

performance 

The only adjustment needed to get the preampli¬ 
fier operating properly is the setting of the sensitivity 
potentiometer, R8. The adjustment is easily accom¬ 
plished by applying a 30 to 50 MHz signal to the pre¬ 
amplifier input and adjusting R8 for a steady pulse 
train out of the 74S132. The signal can then be 
reduced and R8 readjusted. This process should be 
repeated until the adjustment of R8 produces maxi¬ 
mum sensitivity. 

A plot of the input sensitivity of the preamplifier 
appears in fig. 4. The sensitivity remains constant 
from a few Hz to 5 MHz and then begins to increase 
to 21 mV rms at 50 MHz. 

I measured the input impedance from these thresh¬ 
old levels up to 50 mV rms and found it to be equiva¬ 
lent to 4 megohms shunted by 10 pF. An equivalent 
circuit of this input is shown in fig. 5. 

As the input amplitude increases above 50 mV 
rms, the diode attenuator begins to lower the input 
impedance so that at amplitudes greater than 300 mV 
rms the input impedance is determined by R1, Cl, 
and R2. It is possible to design an input network such 
that the input impedance at higher frequencies is still 
very high, but it would suffer from the lack of protec¬ 
tion afforded by this design. Fig. 6 is a plot of the 


maximum input signal for proper counting (attenua¬ 
tor off) as a function of frequency. The maximum 
low-frequency input of 140 volts rms is limited by the 
1/4-watt dissipation of R1. At high frequencies, the 
input buffer will overload when the Q1 gate voltage 
reaches 10 to 15 volts pk-to-pk. Counting errors will 
occur when this level is exceeded. The input attenua¬ 
tor, to a point, helps relieve the overloading. How¬ 
ever, as 50 MHz is approached, the input impedance 
due to Cl is only slightly greater than 100 ohms. The 
maximum input at 50 MHz would therefore be ap¬ 
proximately 9 volts rms. 

conclusions 

This preamplifier, in conjunction with the K4JIU 
counter, performs admirably as an inexpensive labor¬ 
atory frequency counter. The input impedance and 
sensitivity of the preamplifier worked out in practice 
to be as the design predicted and certainly adequate 
for most measurements. However, one thing did sur- 



fig. 6. Maximum signal levels for an input impedance of 
100k ohms and 33 pF. 


prise me, the effect of input capacitance in lowering 
the input impedance at high frequencies. Although 
the preamplifier's input impedance is no worse than 
the typical input impedance of an oscilloscope, it still 
presents a very low impedance at 50 MHz. 


references 
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twin-diode mixer — 


anew 
microwave mixer 

A new microwave mixer 
using two diodes 
and half-wavelength lines 
yields an approximately 
6 dB noise figure 


This article describes a new microwave mixer, 
unique in that it has few parts and does not require 
boards or complicated metalwork. You can build it in 
a minimum of time, and with confidence of having a 
good mixer when you're done. The 1296-MHz model 
to be described has a 6.4 dB noise figure including a 
1.2 dB i-f noise figure. Other features include the 
following: 

1. A very low local-oscillator power requirement 
of -3 dBm 

2. The local oscillator frequency is half that nor¬ 
mally used 

3. No dc return is necessary 


4. There is no tuning 

5. There is high isolation between all ports 


mixer theory 


A diagram of the ideal mixer is shown in fig. 1 . The 
ideal filters pass currents only at the rf or i-f frequen¬ 
cy, with the switch toggled at the normal LO fre¬ 
quency, * Thus, energy from an rf source is 

converted to the i-f and delivered to a load at the i-f 
port. There is no energy lost in the mixer, and the 
receiver's noise figure is that of the i-f. 

In a real mixer, the switch takes the form of a diode 
which is turned on and off by the local oscillator. 
However, the diode is never a perfect open or short 
circuit, and as such will absorb some energy. Losses 
also occur in the circuitry surrounding the diode; the 
total loss depends in a complicated way upon the 
mixer circuit, the pump level, and, to a lesser extent, 
the diode itself. All high-performance mixers attempt 
to achieve the conditions of the ideal case shown in 
fig. 1. 

Mixer performance can be characterized by the fol¬ 
lowing equations: 


T ssb = (L C -1)T 0 


T dsb = (L c — 2) To 
j _ i'f Pi n 
Lc ~ rf P<out 


CD 

( 2 ) 

(3) 


By Jim Dietrich, WA0RDX, Post Office Box 
208, Mulvane, Kansas 67110 
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2B MHt Film* 


ssb mixer 


i296 MHt filter 




i 


TOGGLE AT 1268 MHt 


fig. 1. Diagram of the ideal mixer operating at 1296 MHz. The 
switch will toggle at a 1268-MHz rate, causing the 1296-MHz 
input to be converted to 28 MHz. 


where 

T ss b is ike ssb mixer noise temperature 

Tq is the physical temperature of the mixer in 

degrees Kelvin. 

Tdsb is the double sideband mixer noise 
temperature . 

Note that eq. 3 requires an input signal at the i-f 
frequency to directly measure conversion loss. The 
loss going the other direction is generally different. 
The loss of a dsb mixer is never less than 2, since i-f 
energy is equally converted to signal and image fre¬ 
quencies. However, as shown by eq, 2, the noise fig¬ 
ure is not limited to 3 dB. 

Eq- 2 is complicated by the problem of measuring 
the dsb mixer noise figure. The equivalent ssb noise 
performance in terms of the indicated noise figure is 

fssb~2F m -l ( 4 ) 

where 

Fm is the measured noise figure. 

For example, if the meter indicates 4 dB for a dsb 
mixer, the ssb noise figure is actually 6 dB, not the 7 
dB obtained by simply adding 3 dB to the indicated 
noise figure.* This common mistake introduces sub¬ 
stantial error for low noise figures. For each type mix¬ 
er, ssb system noise temperature is given by the fol¬ 
lowing: 


Component mounting configuration at the rf and LO ports. 



Tsys = (Lc-l) T 0 + L c T,. f + T ant ( 5 ) 

dsb mixer 

T^ys = (L c ~ 2) Tq+ L c F + 2 F anl { 6 ) 

twin-diode mixer 

An alternative to using a single diode is to use a 
pair of parallel-connected diodes, of opposite polari¬ 
ty, and pumped by a local oscillator at one-half the 
normal frequency. Each diode is turned on once dur¬ 
ing the LO cycle, 180 degrees apart, and both are off 
when the LO voltage is zero. Thus, a pair of diodes 






H0CM 




fib 


fib 


fig. 2. Schematic diagram of the twin-diode mixer. The half¬ 
wavelength lines are 5 mm (3/16 inch) wide and mounted 1.5 
mm (1/16 inch) above the ground plane. Ensure that the line 
on the right is connected to the ground plane, while the one 
on the left remains open. Since the local-oscillator frequen¬ 
cy is approximately one-half that of the input rf, the ground¬ 
ed half-wavelength line will look like an open circuit to the 
LO port and also like a low impedance to the rf port. LI is 3 
cm (1 inch) no. 28 AWG (0.3 mm) wire; L2 is 15 turns no. 32 
AWG (0.2 mm) wire wound to a diameter of 1.5 mm (1/16 
inch). 


pumped at 634 MHz performs identically to a single 
diode pumped at 1268 MHz. 

Fig. 2 shows a full-size mixer circuit for 1296 MHz 
which takes advantage of the frequency relation in 
the twin-diode scheme. On each side of the diode 
pair is a half-wavelength line at the rf frequency, and 
thus a quarter wavelength at the local oscillator fre¬ 
quency. At each frequency, an open circuit exists at 
the respective port, with a short on the opposite side 
of the diode pair. This ideafly gives total isolation be¬ 
tween the ports. The i-f and local oscillator ports may 
be dc or ac coupled, but the rf port must be capaci- 
tively coupled so that it presents an open circuit to 
the i-f. The bandwidth of the mixer is about 20 per 


•With F equal to 4 dB, converting to a ratio will yield 2.5 
\antifag l0 -itIQ~ 2 SI. Using this number in eq. 4 produces a noise figure of 
6dB UOtog, 0 (2 * 2.5- t)l 
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fig. 3. Test setup for 
the mixer conversion 
loss and isolation 
measurements. All 
ports are terminated 
in 50 ohms. 



where 

L c ~ the conversion loss 6 dB — 4 
T 0 = the mixer operating temperature 297K 
— a 1.2 dB i-f noise figure 92 K 
The single sideband noise figure is 


cent, so line lengths as well as component values are 
not critical. 

mixer evaluation 

The mixer was tested by measuring the noise fig¬ 
ure and also by measuring the actual conversion loss. 
The results were in good agreement. The conversion 
loss test setup is shown in fig. 3. The input level was 
-30 dBm ±0.1 dB at 28 MHz. This level was used 
because more signal causes undesired higher-order 
products in the output, and less signal is difficult to 
accurately measure. The LO level is -3 dBm, which 
was found to be optimum both in the conversion loss 
and noise figure measurements. The spectrum analy¬ 
zer was calibrated for absolute level at 1296 MHz so 
that the overall accuracy of the conversion loss 
measurement is ±0.5dB. 

Fig. 4 shows the output as observed on the analy¬ 
zer. All LO harmonics are 37 dB down (-40 dBm) 
from the input at 634 MHz. The desired signal and its 
primary image are both 6 dB (-36 dBm) below the 
28-MHz input level. Other responses are down 
enough that they can be neglected. 

As can be seen, the device is indeed a double-side¬ 
band mixer, so that ssb receiver noise temperature is 
found from the following: 


T e = (L c -2) T 0 +L c T rf 
= 2(297K)+4(92K) 

= 962K 



View of the microwave mixer showing overall layout. Built 
on 3 mm (1/8 inch) aluminum this mixer used brass shim 
stock for the lines. BNC connectors were used at all ports. 


F ssb =l+T e /290=6.4dB 

Addition of a good input filter should lower the 
conversion loss to 3 to 4 dB and thus give an overall 
noise figure of 5 dB or less. However, care must be 
taken to keep filter losses low or else this improve- 



ruroucuct' mu 

fig. 4. Mixer output as observed on the spectrum analyzer. 
The local oscillator was 634 MHz at - 3 dBm. The 28-MHz i-f 
input was at -30 dBm. The output levels are read directly 
in dBm. 

ment will not be obtained. In view of the fact that the 
mixer, as described, is probably better than most in 
use today, I haven't taken time to build a filter. 

summary 

In this article I have presented a new mixer config¬ 
uration for use at 1296 MHz. The circuit can be used 
at higher microwave frequencies by simply scaling 
the half-wavelength lines. The device exceeds the 
performance of most available doubly balanced mix¬ 
ers by producing a 6.4 dB noise figure, nearly 40 dB 
isolation between all ports, and an LO requirement of 
only -3 dBm. In addition, the LO frequency is one- 
half that normally required, a most attractive feature. 

A brief review of mixer theory, including noise per¬ 
formance, was presented to give a better under¬ 
standing of twin-diode mixer operation. The noise 
relationships can be used to properly characterize 
receiver system performance using the twin-diode 
mixer or any other ssb or dsb mixer. 

ham radio 
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two-meter preamplifier 


for handitalkies 

A simple, two-meter, 
one-transistor preamp 
is used to overcome 
the lack of 
receiver sensitivity 


Does your 2-meter HT suffer from the lack of 
receiver sensitivity? A simple single transistor preamp 
can do wonders, especially if you use an external 
power amplifier while operating near the repeater 
fringes. One problem that frequently arises is that 
they can hear you, but you can't hear them! 

I have a Regency HRT-2 hand-held, which I also 
use mobile with a Heath HA-201 10-watt amplifier 
located in the trunk. After a few months of opera¬ 
tion, I became annoyed at the received signal drop¬ 
out and static near the fringe of the repeater cover¬ 
age. My friends all told me my transmitted signal was 
excellent — full quieting into the repeaters; ! tried a 
1/4-wavelength whip in the center of my car roof, 
and finally a 5/8-wavelength whip, but to no avail. 
The noise and breakup persisted. 

The HRT-2 has a receiver sensitivity of 0.7 pV for 
20 dB of quieting, quite adequate in the city and 
compatible with the 2-watt output of the transmitter. 
However, as a mobile unit with 10 watts of output 


capability, the 0.7 fA/ sensitivity leaves much to be 
desired. A preamplifier seemed to be the solution. 

simple preamplifier 

There are a variety of circuits available for two 
meter-preamplifiers, but I wanted to keep it simple, 
low cost, and fairly compact, so it would fit inside the 
case if possible. Also, I felt it would be desirable to 
increase the receiver sensitivity from 0.7 fiV to about 



fig. 1. Schematic diagram of the wideband rf amplifier. Only 
the portion to the left of the dotted line is used. All resistors 
are 1/4 watt, and all capacitors are disc ceramics. 


0.1 or 0.2 /zV, typical of most high-quality mobile 
radios; this meant a gain of about 17 dB. Another re¬ 
quirement was that it be broadband, so that tuning 
for each repeater would not be necessary. The last 
requirement was that it have the capability of being 
switched into the circuit during receive and switched 
out during transmit without the need for relays. 

By Herbert L. Bresnick, WB2IFV, 16 Creek- 
side Drive, Honeoye Falls, New York 14472 
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fig. 2. Schematic diagram of the Heath 2-meter amplifier (A) and the changes made to incorporate the receiving preamplifier (B). 
Power for the preamp can be obtained from the 13.6 volt line. D7 and D8 are also added to the existing circuitry. 


A search through the literature revealed that all of 
these requirements would be tough to meet in one 
circuit. However, a simple and inexpensive wideband 
rf amplifier was found 1 which met most of the origi¬ 
nal objectives (fig. 1 ). Two transistors were used in 
the original circuit, but in my case only one was used 
with a gain of 14 dB. Although tuned circuits are 
recommended for improved selectivity, the amplifier 
was built up as a broadband unit to see how it would 
work. When externally connected to the HT the 
results were excellent. Clean reception was now pos¬ 
sible with all the local repeaters, including two that 


previously were extremely noisy, and there was no 
evidence of overloading from undesired signals. 

construction 

The next problem was how to wire it into the HT, 
After a quick look inside the case, it appeared to be a 
major task to dismantle the entire set. And the 
thought of upsetting the rf circuits or breaking other 
connections was disgruntling. 

A search for solid-state switching circuits did not 
reveal any that would be compact enough to fit in¬ 
side the case. Suddenly, it occurred to me that the 
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answer was inside the Heath power amplifier. It 
already contained a solid-state TR switching net¬ 
work, a quite clever one at that. I decided to place 
the preamp within the power amplifier, since all the 
required connections were right there. 

The Heath 10-watt power amplifier is a single, rf- 
switched transistor. The amplifier is automatically 
coupled to the circuit as soon as one watt of signal 
appears at the input. A pair of switching diodes then 
conduct, routing the signal to the transistor. When 
the HT is switched to receive, the diodes no longer 
conduct, and the received signal is passed through 
two 1/4-wave transformers to the receiver. A pair of 
switching diodes at the junction of the two trans¬ 
formers provide a short circuit to ground during 
transmission, preventing any rf feedback. 

To connect the preamplifier, it was merely neces¬ 
sary to break the center connection between the two 
1/4-wave transmission lines, insert the preamp, and 
add another pair of switching diodes to the input of 
the preamp, leaving the existing pair at the output. 
The revised circuit is shown in fig. 2. The additional 
diodes were obtained from Heath, and are 1N4149 or 
equivalent. The 12-volt supply for the preamplifier 
was obtained from a convenient tie point in the 
HA-201. The preamp was mounted by its own leads, 
as close as possible to the coiled transmission cables, 
with connecting leads kept as short as possible. 
Mounting did not seem to be critical. However, I 
would recommend using plastic tape or other insulat¬ 
ing material between the preamp and the case to pre¬ 
vent accidental shorting. 

results 

The results have been gratifying. Received signals 
are now clear and free from static and breakup at dis¬ 
tances over 40 kilometers (25 miles) from the repeat¬ 
er sites. A slight readjustment of the HA-201 power 
amplifier was necessary to compensate for the 
capacitance effects of the added circuit, but there is 
no evidence of power loss with a wattmeter connect¬ 
ed before and after the modification. 

This solution may not work everywhere, particu¬ 
larly if there are strong nearby signals. If this should 
be a problem on some repeater frequencies, it may 
be possible to add a switch to short out the preamp 
when it is not needed. A little experimentation before 
modification of the HA-201 will probably determine 
the best arrangement for your own location. 

references 

1. Randall Rhea. W84KSS. “General Purpose Wideband RF Amplifier/' 
ham radio, April. 1975, page 58. 
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HD-73 HEWY-DUTY 
ROTATOR 

with exclusive Dual-Speed Control! 

For antennas up to 107 sq. ft. of wind load area. Mast 
support bracket design permits easy centering and offers 
a positive drive no-slip option. Automatic brake action 
cushions stops to reduce inertia stresses. Unique control unit 
features DUAL-SPEED rotation with one five-position switch. 
SPECIFICATIONS: Max. wind load bending moment—10,000 
in.-lbs. (side-thrust overturning); Starting torque — 400 in.* 
lbs.; Hardened steel drive gears; Bearings —100- diam¬ 
eter (hardened); Meter — D’Arsonval, taut band (back¬ 
lighted). There’s much, much more — so get the whole story! 

Mail this coupon for complete details! 

urn| □ Send me complete details on the new HD-73! 

I ICid I □ Give me the name of my nearest dealer! 


NAME 


ADDRESS 


CITY 


STATE 


The ALLIANCE Manufacturing Co., Inc., Alliance, Ohio 44601 

A NORTH AMERICAN PHILIPS COMPANY 


|^Mak«r of 


lha Umoua Anlanna Rotator .. . Alttanca Tanna-Rotor" . . . "TVa Baltar Color Gallart 

x 1971 T»n> » Ml® Co . me 
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general coverage using 
the Collins 75S receiver 

A recent article in QSP detailed a 
relatively simple and inexpensive 
method for extending the frequency 
coverage of the 75S-1. However, this 
particular method did not allow for 
proper operation of the receiver, 
especially with regard to transceive 
operation, since the correct tuned 
circuits for the preselector, rf, ampli¬ 
fier, and crystal oscillator circuitry 
are not necessarily selected. The 
method I've employed for some 



fig. 1. Schematic diagram of the change to 
the 75S-series receivers to permit general 
coverage while still maintaining transceiv¬ 
er capabilities. The two additional sockets 
are mounted on a small metal bracket 
above the present crystal bank. 

months does allow for split or trans¬ 
ceive operation, is somewhat more 
flexible, and requires only a slight 
modification to the receiver. 

An aluminum bracket is drilled to 
accept two crystal sockets and a 
miniature spdt switch. One socket 
accepts HC-17/U, and the other, 
HC-6/U crystals. The bracket is 
secured to the left side rail over the 


existing crystal sockets. The dimen¬ 
sions of the bracket allow its right 
side to rest on the tops of the crystals 
in sockets 1, 2, and 3E, providing 
more rigidity. 

The switch is mounted with the 
handle pointing left/right for instant 
recognition of NORMAL or GENERAL 
COVERAGE. Two solder lugs are at¬ 
tached under the socket nearest the 
switch for coax braid connections. 
The coax lead that normally goes 
from V3B, pin 2, to the arm of S1A, 
was broken at the V3 side and passed 
through the ho/e near the front panel 
to the new switch. A new piece of 
coax is run from the switch to V3B. 
The rest of the wiring is done with 
hookup wire. Attachment to the 
common point of the sockets may be 
made at crystal socket 3E. 

With the switch in the NORMAL 
position, the 75S-1 operates with the 
standard compliment of crystals. In 
the GENERAL COVERAGE position, a 
properly chosen crystal may be in¬ 
serted and with the band switch 
selecting the proper frequency range, 
operation outside the amateur bands 
(or extended 10-meter coverage, for 
instance) is accomplished. The band- 
switch position is especially impor¬ 
tant when operating the receiver in 
transceive with the 32S series 
transmitters. A similar modification 
could be made to the transmitter, 
although this has not as yet been 
attempted. 

Paul Paget, N1FB 

reference 

1. Vernon L. Gibbs, W4JTL, "An extended Fre¬ 
quency Range for the Collins 75S-1," GS7\ 
October, 1977. 


new product detector 
for the R-4C 

As mentioned in a previous article, 1 
the product detector in the Drake 
R-4B and R-4C leaves room for im¬ 
provement. The present design al¬ 
lows the audio to leak back into the 
last i-f stage, from where it is de¬ 
tected, causing the AGC to vary at an 
audio rate. To correct this error we 
developed a reasonably simple prod¬ 
uct detector which eliminated the 
problems. Unfortunately, as stated 
in the article, the main disadvantage 



fig. 2. Schematic diagram of the TL442 
product detector. All components are 
mounted on a 4.5 x 4.5 cm (1-3/4 x 1-3/4 
inches) piece of 100-mil Vector board. The 
resistor and capacitor in the 14-volt line 
provide some additional filtering and also 
drop the voltage down to approximately 
11.8 Vdc. 


of the MC1496 was the high number 
of external components. 

In recent correspondence with 
Howard Sartori, W5DA, he sug¬ 
gested another device which has 
also proved suitable as a product 
detector, the TL442 from Texas In¬ 
struments. As seen in fig. 1 , the 

*A parts package for this product detector is avail¬ 
able from G. R. Whitehouse, Newbury Drive, Am¬ 
herst, New Hampshire 03031. 
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circuit is extremely simple, yet pro¬ 
vides essentially the same perform¬ 
ance as the MC1496.* 

To begin installation, it is first 
necessary to remove Drake parts 
CR2, CR3, C83, C84, and R60. Next, 
the wires connecting the output of 
Til and the printed circuit board are 
removed. The 0.01 (if coupling ca¬ 
pacitor to be installed should con¬ 
nect between the transformer pins 
and the 1C socket. There shouldn't 
be any connections on the circuit 
board for either the BFO of i-f inputs. 
Completing the installation only re¬ 
quires that the 1C, socket, and asso¬ 
ciated components be mounted on a 
small piece of 100-mil Vector board 
and mounted in the same location as 
the MC1496 version. All other con¬ 
nections can be made according to 
fig. 1. 

Audio output is slightly higher 
than a stock R-4C. The combination 
of R61 and the original 0.05 pif bypass 
capacitor provide the proper high- 
frequency rolloff. In this configura¬ 
tion, and also in the original, the 
product detector will accept a 20 dB 
increase in signal level before it over¬ 
loads. 

As an addendum, several people 
have reported an audio oscillation 
problem after incorporating the 
0.0015 fiF capacitor referred to in the 
original article. We've found that 
this can be cured by inserting a 
4700-ohm resistor in series with the 
added capacitor and also connecting 
a 0.01 pi F capacitor across the head¬ 
phone jack. 

reference 

1. J. Robert Sherwood, WB0JGP and George B. 
Heidelman, K8RRH, "Present-Day Receivers — 
Some Problems and Cures," ham radio, December, 
1977, page 10. 

Rob Sherwood, WB0JGP 
George Heidelman, K8RRH 
Sherwood Engineering 

preprogramming the 
Kenwood TR7500 

A Kenwood TR7500 was recently 
obtained for mobile usage, and has 
proven excellent for that purpose. It 


Table 1. Diode programming information 
for the TR7500. 


frequency 

146.16 

146.19 

146.22 

146.25 

146.28 

146.31 

146.34 

146.37 

146.40 

146.43 

146.46 

146.49 

146.52 

146.55 

146.58 

146.61 

146.64 

146.67 

146.70 

146.73 

146.76 

146.79 

146.82 

146.85 

146.88 

146,91 

146.94 

146,97 

147.00 

147.03 

147.06 

147.09 

147,12 

147.15 

147.18 

147.21 

147.24 

147.27 

147.30 

147.33 

147.36 

147.39 

147.42 

147.45 

147.48 

147.51 

147.54 

147.57 

147.60 

147.63 

147.66 

147.69 

147.72 

147.75 

147.78 

147.81 

147.84 

147.87 

147.90 

147.93 

147.96 

147.99 


PI P2 P3 

0 0 0 
1 0 0 
0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 1 

1 0 1 

0 1 1 

1 1 1 

0 0 0 

1 0 0 

0 1 0 

1 1 0 

0 0 1 

1 0 1 


P4 P5 P6 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

1 0 0 

1 0 0 

1 0 0 

1 0 0 

1 0 0 

1 0 0 

1 0 0 

1 0 0 

0 1 0 

0 1 0 

0 1 0 

0 1 0 

0 1 0 

0 1 0 

0 1 0 

0 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

1 1 0 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

0 0 1 

1 0 1 

1 0 1 

1 0 1 

1 0 1 

1 0 1 

1 0 1 

1 0 1 

1 0 1 

0 1 1 

0 1 1 

0 1 1 

0 1 1 

0 1 1 

0 1 1 

0 1 1 

0 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 

1 1 1 


became apparent, however, that dial¬ 
ing up the commonly used frequen¬ 
cies could be, for this operator at 
least, hazardous while driving 
because of the need to watch the fre¬ 
quency read-out dial while changing 
channels. 

Users of the TR7500 should be 
aware that the transceiver has forty- 
four preprogrammed channels — all 
ARRL band-plan frequencies between 
146 and 148 MHz, including all 
repeaters, and simplex frequencies. 
However, the transceiver also offers 
six blank channels, which are designed 
to be user programmed, by use of a 
diode matrix, for frequencies not 
included in the preprogrammed 
sequence. These frequencies must be 
on standard 30 kHz centers. Com¬ 
plete instructions for programming 
these additional channels, are in the 
transceiver operating manual. 

The thought occurred to me that 
regular channels could also be pro¬ 
grammed into the blank channels, 
rather than having to dial them out in 
the regular sequence. A review of the 
circuit and the programming instruc¬ 
tions lead to a simple exercise in 
binary numbering, and a complete 
programming table was worked out. 
With this information, the six blank 
channels were quickly programmed. 

The plan has worked out very nice¬ 
ly. The six channels are programmed 
for three repeaters, and three simplex 
frequencies, which completely 
handles local driving requirements. 
While driving, a quick glance identi¬ 
fies which of the six channels the 
radio is set on, with subsequent 
changes made by feel. Of course, any 
of the other regular channels is imme¬ 
diately available, simply by dialing up 
the appropriate channel in the normal 
manner. 

Table 1 shows the complete diode 
programming instruction for all chan¬ 
nels from 146.16 MHz to 147.99 MHz. 
Note that the columns are headed by 
designators PI through P6, as used in 
the diode programming instructions 
of the operating manual. 

Bob Locher, W9KNI 
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Drake R-7 receiver 



The new Drake R-7 receiver is 
presently in the design and prototype 
stage, with first shipments scheduled 
for early 1979. Preliminary specifica¬ 
tions are listed in table 1. The 
receiver is 100 per cent solid state, 
fully synthesized with a permeability 
tuned oscillator {PTO) for smooth 
tuning. It has continuous tuning from 
0-30 MHz, and offers both a digital 
readout and an analog dial. 

As with the Drake TR-7 transceiv¬ 
er, the R-7 receiver features up- 
conversion to a first i-f at 48 MHz; a 
special high-level, double-balanced 
mixer provides a high intercept point 
and strong signal handling character¬ 
istics. The receiver uses a full set of 
bandpass "window filters" that 
operate from 30 MHz, through VLF, 
to zero MHz. This permits perform¬ 
ance in the MF/LF/VLF range that is 
very similar to that in the high- 
frequency range. As a result, external 
VLF preselectors or converters are 
not required. 

The bandswitch selects various 
groups of window filters and deter¬ 
mines the frequency limits of each 
range. Any 500-kHz segment within 
these limits is selected by simply 


depressing the UP or DOWN push¬ 
buttons until the desired segment is 
reached. Tuning within the segment 
is accomplished by the PTO, which is 
connected to the main tuning knob. 

A 10-dB, pushbutton-selected pre¬ 
amp can be activated on all ranges 
above 1.5 MHz, This preamp im¬ 
proves the overall sensitivity from ap¬ 
proximately 0.5 /iV to approximately 
0.2 jtV. As with any rf amplifier, 
however, its use lowers the intercept 
point by approximately the same 
amount as its gain. Therefore, pre¬ 
amp use should be limited to weak 
signal environments for best overall 
front-end performance. 

The second i-f of the R-7 operates 
at 5645 kHz, and the selectable 8-pole 
crystal filters operate in this range. A 
choice of 300 Hz, 500 Hz, 1800 Hz, 
and 4.0 kHz filters are available, in ad¬ 
dition to the 2.3-kHz ssb filter. Any of 
these filters may be selected from the 
front panel with a 5-position switch. 
It should be noted that the MODE 


switch operates independently of 
these filters, and can select either a 
special new synchro-phase a-m de¬ 
tector, or the product detector. Ex¬ 
cellent international a-m shortwave 
and broadcast band reception can be 
realized with the low-distortion 
synchro-phase a-m detector. 

The third i-f operates at 50-kHz and 
features a tunable i-f notch filter for 
heterodyne rejection. The notch 
depth is approximately 40 dB. 

Extremely flexible selectivity com¬ 
binations may be realized by the 
proper choice of an 8-pole crystal 
filter, notch adjustment, and posi¬ 
tioning of the passband tuner, which 
is also employed in the R-7 receiver. 
The passband tuner is full range and 
enables the operator to properly set 
the passband position, in relation to 
the selectivity filter, for any mode 
continuously from RTTY to CW or 
any sideband. Various positions of 
age, from OFF to SLOW, are also 
available from the front panel. 


table 1, Preliminary specifications for the new Drake R-7 communications receiver. 

Frequency coverage 0-30 MHz with DR-7 digital readout general coverage board; 

0.5 MHz 

0.5-2.0, 2.5-3.0, 3.5-4.0, 4.5-5.0, 7.0-7.5, 14.0-14.5, 21.0- 
21.5, 28.5-29.0 MHz without Aux-7 IAux-7 adds any eight 
500-kHz segments from 0 to 30 MHz) 

Frequency stability Less than 100 Hz drift after warmup 

Readout accuracy Analog dial: better than ± 1 kHz when calibrated to nearest 

marker 

Digital: 15 ppm ± 100 Hz 

Sensitivity (500 kHz - 30 MHz) 0.5 ,xV or less for 10 dB (S + N)/N on ssb and CW; 0.2 M V or 

less with preamp turned on 

2.0 /xV or less for 10 dB (S + N)/N on a-m (30% modulation); 
1.0 fiV or less with preamp turned on 
(Preamp not operational below 1.5 MHz) 

2.0 >xV or less for 10 dB (S + Nl/N on ssb and CW; 1.0 >xV or 
less for 10 dB (S + N)/N on a-m 
Same as TR-7 (ultimate selectivity greater than 90 dB) 

Same as TR-7 

Intercept point at +20 dBm, minimum; two-tone dynamic 
range, 95 dB 
Greater than 80 dB 

2.5 watt with less than 10% TGD into 4-ohm load 
110/220 Vac 50/60 Hz or 11 -16 Vdc 
Same as TR-7 


(0-500 kHz] 

Selectivity 

Age 

Intermodulation 

Image and i-f rejection 
Audio output 
Power supply 
Dimensions 
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The R-7 will transceive with the 
Drake TR-7, and these functions are 
pushbutton controlled. The R-7 also 
has a unique antenna switch/toroidal 
splitter so that both the R-7 and the 
TR-7 may be used on the same anten¬ 
na for simultaneous dual receive. This 
will be a boon to DXers who wish to 
monitor an out-of-band DXpedition 
and the in-band pile-up at the same 
time. The antenna selector also per¬ 
mits alternate antennas to be used on 
the receiver and a main antenna on 
the transceiver, or vice versa. The 
alternate antenna may also be split 
between the two units. 

The receiver features receiver in¬ 
cremental tuning (RIT), so that the 
receiver frequency may be varied in¬ 
dependently of the transmit frequen¬ 
cy when operated in transceive with 
the TR-7. As with the TR-7, the digi¬ 
tal readout in the R-7 may be used as 
an external counter to 150 MHz. 

The receiver's built-in power sup¬ 
ply operates from either 12 Vdc or 
120/240 Vac. The styling, color, and 
size of the R-7 matches that of the 
TR-7, and either the internal speaker 
or an external MS-7 speaker may be 
used. Further information and prices 
will be available from the R.L. Drake 
Co. by the end of 1978. 


Racal RA6700 receiver 
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The Racal RA6700 is a fully syn¬ 
thesized, tunable, solid-state com¬ 
munications receiver designed for all 
modes of reception over the frequen¬ 
cy range of 15 kHz to 30 MHz. The in¬ 
ternal synthesizer provides single¬ 
knob frequency control that allows 
rapid tuning across the complete 
frequency range with the feel and 
smoothness of a VFO, while retaining 
the accuracy and stability of the in- 









1 Kw CW, 3 Kw PEP input. 

For dipoles, inverted Vees, 
beams, quads. 

Dependable. Takes 
temporary overloads in 
stride. 

Specify 1:1 or 4:1 ratio. 

Model IK $22.50 


2 Kw CW, 6 Kw PEP input. 
Far more rugged than any 
other balun made for 
amateur use. 

Specify 1:1 or 4:1 ratio. 

Model 2K $42.50 





2 Kw CW, 6 Kw PEP input. 
Our heavy duty balun with 
mounting bracket for 2” 
mast or boom. 

Specify 1:1 or 4:1 ratio. 

Beam Balun $47.50 


Only Palomar Baiuns Have All These Features 

• RF toroidal core for highest efficiency. 

• Teflon insulated wire. 

• Stainless steel hardware. Won’t rust. 

• Epoxy filled case. Waterproof. 

• Wideband 1.7 to 30 MHz. 

• White case to reflect the sun. 

• Lightning protection built in. 

Free brochure sent on request 

How many lightweight baluns have you burned out 
already? Install the balun that will stay up there working 
year after year. 

To order, add $2 shipping/handling. California residents 
add sales tax. 


3343 
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PUNCH UP 



your 

MOST CALLED 
NUMBERS 

at your favorite 
Amateur Radio Dealer 

Look for This Display at 
the Finest Radio Dealers 
everywhere and dis¬ 
cover why present 
AD-1 owners are 
so proud of 
their new 
Auto Dialers. 


• UP TO 18 TELEPHONE or control numbers retrieved with a 
one or two key punch. 

• AUTOMATIC RE-DIAL of last number manually dialed. 

• SAFE AUTOPATCH CALLS even in heavy traffic. 

• 10 NUMBER RAM easily programmed in moments from the 
keypad. 

• OPTIONAL PLUG-IN 8 NUMBER PROM custom-programmed 
by factory is available for $4.95. A Prom Order Card is packed 
with each AD-1, 

• PROGRAMMABLE TONE-LENGTH AND DURATION ensures 
accessing virtually any repeater having strict timing require¬ 
ments. Ask any veteran autopatch user and he will tell you that 
this feature is an absolute must! 

• EASY INTERFACING with virtually any amateur transceiver 
using the coil cord provided. 

• CRYSTAL CONTROLLED TIMEBASE assures high stability 
over a wide temperature range. 

• MADE IN U.S.A. 

All these features and more are possible thanks to the ex¬ 
clusive AEA 197701 MOS Microcomputer Chip. (OEM in¬ 
quiries invited). 



ADVANCED ELECTRONIC APPLICATIONS, INC. 
P.O. BOX 2160, LYNNWOOD, WA. 98036 
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ternal frequency standard. In addi¬ 
tion, the operator can select either a 
100- or 10-Hz tuning rate, with the 
separate MHz control knob, per¬ 
mitting rapid changes from one end 
of the frequency range to the other. 

The RA6772 incorporates the very 
latest techniques in mixer and signal 
path refinements to produce im¬ 
proved dynamic range and to reduce 
intermodulation products, reciprocal 
mixing, cross modulation, blocking, 
and spurious responses to a degree 
that exceeds the capabilities of any 
other general-purpose receiver cur¬ 
rently in production. The basic re¬ 
ceiver will accommodate six i-f fil¬ 
ters; two may be asymmetrical ssb 
filters with either 3- or 6-kHz nominal 
bandwidths. Provisions are also avail¬ 
able for additional filters if the stan¬ 
dard 300-Hz, 3-kHz, and 8-kHz fil¬ 
ters are not adequate. During CW 
reception, the internal BFO provides 
±3 kHz tuning range. 

The receiver is ruggedly construc¬ 
ted to permit operation under ex¬ 
treme conditions. Yet the internal 
layout permits easy access for serv¬ 
icing, all components being acces¬ 
sible without the use of extension 
leads or adapters. The rear panel 
contains all input and output con¬ 
nectors, with many internal connec¬ 
tions making possible the use of the 
receiver as the basis for a more so¬ 
phisticated receiver system. 

To enhance receiver versatility and 
flexibility for communications, sur¬ 
veillance, and direction-finding ap¬ 
plications, a number of options and 
variations are available. In addition to 
the normal modes of reception pro¬ 
vided in the basic RA6772, additional 
units can be added within the receiver 
to permit reception of ISB and FSK 
signals, along with AFC operation. 
When configured for teletype, one or 
two machines may be directly con¬ 
nected to the receiver without the 
need for external power supplies. 

The RA6700 receiver series is well 
suited for single- or multiple-receiver 
systems, with numerous options and 
configurations possible. As an ex- 
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ample, the RA6774 can be controlled 
by a computer, or, as in the case of 
the RA6780, by either local or remote 
manual control. For additional infor¬ 
mation, contact RACAL Communi¬ 
cations, Inc., 5 Research Place, 
Rockville, Maryland 20850. 

Sherwood Engineering 
crystal filters 

Sherwood Engineering has recent¬ 
ly expanded still further its already 
extensive line of high-performance 
crystal filters. To complement their 
filters for the Drake R4C, they've now 
added a 2.1-kHz a-m filter (CF- 
2.1K/8AM) which plugs directly into 
a normal a-m filter socket. This 8-pole 
ladder filter, which can be used to re¬ 
place the normal 4- or 6-kHz filters, 
exhibits a - 6dB bandwidth of 2.1 kHz 
and is 3,6 kHz wide at the -60 dB 
point. 

To help you take advantage of the 
extensive filter capability that can be 
obtained by using the full line of 
Drake-type filters, Sherwood Engi¬ 
neering is now offering a custom- 
made, dual function switch for the 
front panel of the R4C. This switch, 
which replaces the present AGC 
switch, makes it possible to switch 
each filter from the front panel. In 
addition, the new concentrically 
mounted AGC switch provides five 
AGC positions, instead of the original 
four (off, fast, medium, and slow). 
This offers the operator the option of 
incorporating an additional AGC 
speed for greater time-constant flex¬ 
ibility. The switch itself does not 
replace the Sherwood Engineering 
relay kits, but is offered as an alter¬ 
native to the normal toggle switches. 

In addition to filters for the Drake 
R4C, Sherwood Engineering is also 
manufacturing the CF-350/8, a 350- 
Hz CW filter for use with the TR4, 
TR4C, or the TR4Cw. This 8-pole 
filter has a shape factor of 2.43:1 (as 
compared with the 4:1 factor for the 
normal 500-Hz filter supplied in the 
TR4Cw), yet it is easily installed in 
many TR4s in less than two hours. 


CIISHCRAFT 
IS THE mil 
ANTENNA 
COMPANY. 

Cushcraft manufactures the world's most 
complete line of quality antennas for 
amateur vhf-fm repeater service including 
high-gain multi-element vertical beams, 
stacked collinear arrays, 5/8-wavelength 
mobile whips, half-wavelength Ringo " 
verticals, and the world-famous Ringo 
Ranger", which features stacked vertical 
half-wavelength elements for 4.5 d8d 
omnidirectional gain. Whether your favorite 
repeater is next door or across the state. 
Cushcraft has a VHF-FM antenna which is 
exactly engineered to your needs. 




Ringo Ranger 



UPS SHIPPABIE 

In Stock With Dealers World Wide PO. Box 4680. Manchester. N H. 03108 
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Binauraf Syntfrollitr-FTff*r 
With TOflf-TAG 


c o 


NEW-IMPROVED* 


Mode! 1500- Binaural Synthesiser-FiIter with Tone-Tog 
Um 8 "0" Cells - Lest Bolteries $86.00 ppd, U.S. 

Model 1501 - Requires your 12 la 15 volt DC inpuf, 100 mo. 
ncm. (Internol regulation) $89.00 ppd, U.S. 

Well Transformer 115V AC supply rated at 12 volts, 350 mo. 
fo> use with Model 1501 or . . . $4.95 


*^A new balonced bipolor Tone-Toy modulotor system replaces diode modulators of Models 1100 ond 700 

GET BETTER THAN 100 HZ EFF ECTIVE SELECTIVITY ON CW, A SELECTABLE NOISE BANDWIDTH OF LESS THAN 150 HZ 
PLUS PERIPHERAL HEARING IN BINAURAL SOUND . . . ALL WITHOUT LISTENING THROUGH THE TINKLING ROAR 
OF A NARROW-BAND FILTER OR FUSSING WITH SELECTIVE SQUELCH SYSTEMS. . . EXPERIENCE THE BINAURAL 
FUNCTION ON SIDE BAND VOICE , . . Just connect to your receiver's headphone or speaker jock and plug in two 8 Ohm 
speokeri arranged stereo fashion . , . oddltionol jock provided ol lower power to protect your stereo headset. 

Hit mogotine articles on Nov,*75 ond Nov.*76 . . . A»k for-our note on listening with binaural ond Tone-Toy systems 

HILDRETH ENGINEERING BOX 60003 SUNNYVALE CA94088 


HAND HOLDING? ... let 


DATA SIGNAL pul rings on your fingers . . . 




with our SUB-MINIATURE ENCODERS 


The world's smallest hand-held goes hand-in- 
hand with the world's smallest, lightest and 
least expensive T-T Pads. 

MODEL SME — Smallest available Touch Tone Encoder. Thin, 
only ,05" thick, keyboard mounts directly to front of hand¬ 
held portable, while sub-miniature tone module fits inside. 
This keyboard allows use of battery chargers. Price $23.00, 
with your choice of keyboards. SME (less keyboard) $24.00 



DTM 


SME 


MODEL DTM — Completely self-contained miniature encoder 
for hand-held portables. Only 5/16" thick. Three wire con¬ 
nection. Automatic PTT keying optional. V/ith your choice of 
keyboards. Price DTM - $39.00, DTM-PTT - $49,00. 

•Touch-Tone is a registered trade name of AT&T. 


, . , J^tnd (Bells on your c Joes 


with our AUTOPATCH - Ready to go! 




A Complete Autopatch facility that requires only a repeater 
and a telephone line. Features include Single-digit access/ 
disconnect, direct dialing from mobile or hand-held radios, 
adjustable amplifiers for transmitter and telephone audio, and 
tone-burst transponder for acknowledgement of patch dis¬ 
connect. 

RAP-200 P. C. Card $199.50 

RAP-200R Rack Mount $249.50 


Be sure to ask about 
our new keyers and CW 
memory for CW buffs. 


DATA SIGNAL, INC. 

2403 COMMERCE LANE ALBANY, GEORGIA 31707 
912-883-4703 j 


For the TR4Cw, installation can be 
accomplished in less than five 
minutes. 

Other new products include 350-Hz 
CW filters for both the Kenwood 
TS-820 (CK-350/8) and the Signal 
One (CS-350/8). Each is a custom- 
made, 8-poie ladder filter which ex¬ 
hibits a 6/60-dB shape factor of 
2.43:1. Both are direct replacement 
filters which can be installed in 
minutes. The CS-350/8 has a lower 
insertion loss, in many cases, than 
the hard-to-find deluxe factory CW 
filter. 

For the CW operator who wants 
the best, Sherwood Engineering has 
developed a 125-Hz CW filter for the 
new Drake TR-7. This filter is ex¬ 
cellent for the high selectivity 
demanded during DX and contest 
work. The new filter will mount 
directly on the TR-7 filter board. Or, 
for the person with both Drake CW 
filters already installed, a plug-in filter 
board can be obtained to add the ad¬ 
ditional flexibility afforded by incor¬ 
porating all filters. 

For complete details and price in¬ 
formation on all products, contact 
Sherwood Engineering, 1268 South 
Ogden Street, Denver, Colorado 
80210. 


Alliance heavy-duty 
rotator 

The HD-73 Heavy-Duty rotator, 
combining wind- and ice-resistant 
features plus two-speed rotational 
control never before incorporated 
into a unit of its size and perform¬ 
ance, is offered by the Alliance 
Manufacturing Company Inc., of 
Alliance, Ohio. 

Designed especially for the serious 
amateur who wishes to increase his 
capability with in-tower or mast¬ 
mounting option, the HD-73 features 
a unique dual-speed control with one 
five-position switch. It provides a 
one-minute-per-revolution speed for 
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rotating over an extended arc, and a 
slower speed permitting pinpoint ad¬ 
justments for the best signal on re¬ 
ceive and transmit. 

Improved automatic brake action 
not only simplifies positioning, but 
also reduces risk of antenna damage 
by sudden stops that impose high 
inertial stress on antenna, tower, and 
rotator. 

Designed to move antennas with a 
maximum of 1 square meter (10.7 
square feet) of load capacity, the HD- 
73 develops a wind-load bending 
moment capable of withstanding the 
most severe prevailing wind condi¬ 
tions. Icing, another weather hazard 
for rotators, is overcome by the heav¬ 
iest hardened-steel pitch-gear teeth 
of any rotator in its size and price 
range. The consistently high per¬ 
formance of the unit in all weather 
conditions is enhanced by a factory- 
installed lubricant that withstands 
temperature ranges of +49 to 
-29°C (+ 120 to - 20°F). 

The HD-73's 20-volt ac, capacitor- 
operated, split-phase, reversible 
motor and its transformer are doubly 
protected by fuse and thermal pro¬ 
tectors against shorts, possible con¬ 
nection error, and prolonged opera¬ 
tion. No voltage on the motor or 
leads exceeds Underwriters Labora¬ 
tory safety limits. 

The meter, a dc, D'Arsonval, taut- 
band type, is calibrated in bold 
S-W-N-E-S lettering as well as with a 
degree-graduated scale for full 360° 
position recording. The voltage sup¬ 
ply for meter indication is solid-state 
regulated to assure accuracy regard¬ 
less of wide iine-voltage or load 
variation. The bar switch permits 
dual-speed rotor control with utmost 
accuracy and fingertip ease. 

The power required is 117 volts 
ac, 60 hertz. The mast mounting 
size range is 35 mm (1-3/8 inch) to 
63 mm (2-1/2 inch) O.D.; it requires 
a six-conductor cable. Total shipping 
weight of the rotator with two pairs 
of brackets and control box is 7.7 kg 
(17 lbs). 
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ATB-34. Jnree Band 


Cushcraft manufactures a full range of high- 
frequency antennas which are performance 
engineered for the most discriminating amateur, 
For the amateur who demands top performance 
in a multibcnd Yagi beam there’s the 
incomparable ATB-34 three-band beam for 
broadband, high-gain coverage on 10. 15 and 
20 meters 

And for the Amateur with limited antenna space 
and budget who wants reliable, multiband 
radio communications there are three Cushcraft 
multiband verticals to choose from: the three- 
band ATV-3 for 10, 15 and 20; the four-band 
ATV-4 for 1G. 15. 20 and 40 meters, and the ATV-5 
for low VSWR five-band performance from 80 
through 10 meters. 
Cushcraft high-frequency antennas are quality 
engineered for top performance; they are often 
imitated, but never duplicated. 





ATV-4. four Band 
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Raiio lllorh} 


CENTRAL NEW YORK'S FASTEST GROWING HAM DEALER 


'V 


MBB QfrruQ 

Featuring Yaesu, Icom, Atlas, Dentron, Ten-Tec, Swan, Regency, Standard, Tempo. 
KLM Hy-Gam Mosley. Larsen, Midland, Wilson. Southwest Technical Products. Tristao 
Towofs . MFJ„ KDK, and Microwave Module We service everything we sett ( Write or call 
lor a quote YOU WON T BE DISAPPOINTED 

We are just a lew minutes oil the N YS Thru way (1-90) Ent 32 


ONEIDA COUNTY AIRPORT TERMINAL BUILDING 
ORJSKANY, NEW YORK 13424 

315-337-2622 
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See your nearest Alliance Distribu¬ 
tor, or write to Alliance Manufac¬ 
turing Company, Inc., Alliance, Ohio 
44601. 

compact amateur 
handheld from Standard 
Communications 



A compact new 1-watt, 2-meter 
handheld amateur fm transceiver is 
now available from Standard Com¬ 
munications Corp, of Carson, Cali¬ 
fornia. This transceiver, designated 
C-118, is approximately the height 
and width of a dollar bill, and permits 
the user to transmit up 600 kHz, 
down 600 kHz, or receive and trans¬ 
mit on the same frequency with just 
one crystal. This provides 18-channel 
capability with only six crystals. 

The C-118 also incorporates a built- 
in capacitor microphone and LED 
status lights for CHANNEL BUSY and 
TRANSMIT. Also included at no addi¬ 
tional charge is a BNC connector with 
flexible antenna, provisions for an 
external dc power supply, and ear¬ 
phone. It has a frequency range of 
144-148 MHz and comes equipped 
with one crystal for operation on 
146.94 simplex and 146.34/94 MHz. 
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To obtain a free copy of the C-118 
data sheet, write Standard Communi¬ 
cations Corp., P. 0. Box 92151, Los 
Angeles, California 90009. 


500-watt rf transformer 



Palomar Engineers has a new 
broadband rf transformer. It matches 
vertical and mobile antennas to 50- 
ohm coaxial cable. Impedance values 
of 8, 12.5, 16, 22, 32, and 50 ohms 
can be selected by a convenient 
switch. 

The transformer is mounted in a 
die-cast aluminum case 10 x 12 x 
5 mm (4x5x2 inches) fitted with 
UHF (SO-239) connectors. The rf 
ferrite toroid core is wound with tef¬ 
lon-insulated wire and is rated at 500 
watts in continuous commercial serv¬ 
ice. Operating frequency range is 
1-30 MHz (1-10 MHz below 20 ohms). 

Price is $35 plus $2 for shipping in 
the United States and Canada. For a 
free descriptive brochure, write to 
Palomar Engineers, Post Office Box 
455, Escondido, California 92025. 

Stolen Equipment 

STOLEN: Juno 30. 197B, Rochester, NY from K2DHA. 2 
meter transceiver, KDK model FM144-10SXRM Serial 
*5670. Scanner adapter attached to aoove. Amateur 
Wholesale Electronics. FMSC-i, no serial n. Amateur 
WhoJesaJe Electronics Touch Tone Pod, Model FMTP t. 
It tendered tor trade, sale, or service, please nolily: 
K2DHA, A C Peed, L66 Monteroy Road, Rochester 
1461B or Brighton Police Dept., 2300 Elmwood Avo,, 
Rochester, N Y. 14618. 


CUSHCRAFT 
IS THE VHF-IIHF 
ANTENNA 
COMPANY. 

Cushcraff precision engineered VHF/UHF Vagi beams 
have become the standard of comparision the world 
over for SSB and CW operation on 6 meters through 432 
MHz. Built by skilled craftsmen from the best available 
materials, these beams represent that rare combination 
of high electrical performance, rugged construction, 
and durability, 



; 1 i-'2 Motor Yogi 



Quad Array 


Cushcraft's Quad Arrays for 144. 220. 
and 432 MHz use four matched 
11 -element Cushcraff Yogis and are 
the ultimate in a high performance 
Yagt array These arrays have been 
carefully engineered for maximum 
forward gain, high front to back tatto. 
and broad frequency response All 
antennas provide a low VSWft match 
to 50-ohm coaxial teedime 



Cushcratt s wide v-anoly ..J vdl .ihll 
Booms includes on on ton no lor ovory 
amateur activity above ‘:>U MH,* whether 
local rogchewmo or long-haul over me 
? lower t [}* Aw mhxJ e*!> nave tx-en 
corefully ophm!,>:>;i tor maxim u<ti 
forward gam vnm r < f gr . from to ViOCk 
rot »0 11 »< » I h> aVy wdli Din)!M h■ ik/j- ( Jr Owr» 
ahifViHnjni r> :onV; and element;, ore 
combined wiin heavy formed aluminum 
bracket:, and pm tea mounting 
hardware for long operating tile ana 
t.ifvt v *; 1 1! n ;• vere we<. it nei 
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a second look 

j by Jim Fisk 


November 27th marks the 55th anniversary of one of Amateur Radio's most memorable events 
— the first two-way amateur communications across the Atlantic Ocean. It was a hard-won goal, its 
path marked with failure and frustration, but when the Atlantic, at last, had been spanned, it was 
conquered by short-wave Amateur Radio, on wavelengths that were considered by the "profes¬ 
sionals" to be useless. 

The first transatlantic tests, in December, 1920, were a dismal failure, as were another series of 
tests conducted in February, 1921. The 250 or so British stations which were listening for pre¬ 
arranged signals from the United States on a wavelength of 200 meters (1.5 MHz) jammed each 
other so badly with radiations from their own regenerative receivers that they couldn't hear any sig¬ 
nals from across the pond! 

A second transatlantic test was scheduled for December, 1921. In November, Paul Godley, 2XE, 
designer of the famous Paragon receiver, sailed from New York with two receivers under his arm — 
one a standard regenerative set with two stages of audio amplification, the other a 10-tube Arm¬ 
strong superheterodyne built especially for the tests. 

With this superhet and a wire antenna 390 meters long installed on the Aridrossan moor on the 
coast of Scotland, not far from Glasgow, Godley heard the first stateside signals coming through in 
the wee hours of the morning on December 8th. Over the next few days Godley copied the signals of 
27 different American amateur stations; on December 12th he received the first complete message 
from the United States to Europe on the "short waves." British amateurs also participated in the 
test, and when all the reports were analyzed it was discovered that W.F. Burne, G2KW, had actually 
made the first positive identification of an American amateur signal. 

During similar tests a year later, two European stations, F8AB in Nice and G5WS in London, were 
heard by amateurs along the east coast of the United States. Many American signals were logged in 
Europe, but two-way communications were not established (but probably only because no one took 
the initiative to try). 

A fourth series of transatlantic tests were scheduled for late 1923. However, these carefully laid 
plans were totally upset by the enterprise of one man, Leon Deloy, F8AB. Deloy came to the States 
during the summer of 1923 when he met with John Reinartz, 1XAM, and Fred Schnell, 1MO. Deloy 
picked up much valuable advice from his talks with Reinartz and Schnell, and before returning to 
France he acquired a new Grebe receiver and the details of a "trick" circuit which, he was told, 
would "go down to about 100 meters," 

Deloy put his new 100-meter station on the air in early autumn, and, having satisfied himself that 
everything was in working order, cabled Schnell that he would transmit on 100 meters between 0200 
and 0300 GMT on November 26, 1923, The signals from F8AB were heard by Schnell and Reinartz 
almost from the first dot he transmitted, but the Americans were not ready to transmit back. Unlike 
Deloy, who presumably did not think it was necessary to seek official permission to transmit on such 
a short wavelength, Schnell had to obtain the authority from the Radio Supervisor in Boston. 

On November 27th, Schnell received special permits from Boston for himself and Reinartz; late 
that night they were both on the air. For an hour Deloy called the United States and then sent two 
messages. At 0330 GMT he signed off and asked for acknowledgment. Long calls followed from 
1MO and 1XAM. Then came the eagerly awaited reply — Deloy had clearly heard both stations. 
Reinartz was asked to stand by as Deloy transmitted to Schnell, "R R QRK UR SIGS QSA VERY ONE 
FOOT FROM PHONES ON GREBE FB OM HEARTY CONGRATULATIONS THIS IS A FINE DAY - PSE 
QSL." It was, indeed, a fine day. 

Jim Fisk, W1HR 
editor-in-chief 
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radiation hazards 

Dear HR: 

In the early 1960s I was civilian 
chief of a Radiation Hazards and 
Measurements Branch of European 
GEEIA - an arm of USAF. The 
branch had about 15 contract engi¬ 
neers and an equal number of service 
personnel checking RFI complaints, 
siting, and orientation accuracy of 
tropo and radar antennas, and noise 
measurements for prospective receiv¬ 
er sites at bases from Ireland to India. 

I seem to remember one or two 
radars rated at 3 megawatts! 

Other than our concern with the 
possible {and to us tenuous) effects 
on personnel, there was the very real 
possibility that by some freakish con¬ 
catenation of circumstances a radar 
beam might set off a squib on a bomb 
in an adjacent munitions dump, and 
touch off an international incident. 

USAF used the 10 mW/cm 2 
minimum, of course, but in deference 
to host governments, we had fences 
and warning signs installed at dis¬ 
tances such that field intensity was 
perhaps one-half that minimum. 
Thus, we hoped that some peasant 
would not herd his sheep too close to 
a parabola and claim their milk had 
been soured. 

Brodeur's article, which I read in 
the New Yorker, shook me some¬ 
what. I was conditioned by an earlier 
series, also in the New Yorker, on the 
hazards posed by monster 200,000- 
ton supertankers — a hazard which 
has been brought to our attention 
rather frequently of late. Over a 
period of a month I pored over the 


composition of a letter to Mr. 
Brodeur; I didn't want to write 
anything challenging or in any way 
derogatory. I even had the local 
library try to ascertain whether Mr. 
Brodeur has academic credentials. 

After reading WIHR's editorial in 
the August issue, I feel that Mr. 
Brodeur's articles and book must be 
relegated to the category of "The 
Bermuda Triangle." Both have been 
written more for shock effect than for 
any aim at veracity or objectivity. 

Josef Darmento, W4SXK 
Merritt Island, Florida 

phasing networks 

Dear HR: 

fn reference to the article on "SSB 
Phasing Techniques" in the January 
1978, issue of ham radio, and 
WB9YEM's comments in the August 
issue, please note that I have pub¬ 
lished two articles on 90-degree 
phase-difference networks which 
may be of interest to your readers. 
The first appeared in Electronic De¬ 
sign in 1971 * and described a simple, 
four-pole, 90-degree network con¬ 
sisting of four capacitors, six resis¬ 
tors, and one dual op amp; this is an 
improvement over WB9YEM's cir¬ 
cuit by four resistors and seven years. 
It is also easier to calculate the ele¬ 
ment values from a given set of pole 
frequencies for this circuit. 

In 1976, Electronic Design pub¬ 
lished a program in BASICt which 
calculate the required pole frequen¬ 
cies for the A and B networks for any 

* Allan Lloyd, “Here's a better way to design a 90° 
phase-difference network," Electronic Design 15, 
July 22, 1971, page78. 

tAllan Lloyd, "90-degree phase-difference networks 
are simply designed with a program in Basic," Elec¬ 
tronic Design 19, September 13, 1976. 


realizable set of design specifications. 
Note that until these pole frequencies 
are known, nothing can be designed. 
It is the only published program I 
know of which solves for these fre¬ 
quencies for any network. Computer 
hobbyists may wish to translate it to 
home computer BASIC. 

I would be happy to send copies of 
the original program listing to ham 
radio readers upon receipt of a self- 
addressed, stamped envelope. 

Allan Lloyd, W2ESH 
15 Greenwood Avenue 
Hawthorne, New Jersey 07506 

windom antenna 

Dear HR: 

The article on the Windom antenna 
by K4KJ was of interest because I 
had written some articles on this an¬ 
tenna for RADIO magazine back in 
the 1930s. There was one variation I 
always used because I just don't 
like to cut wire into little pieces. I'd 
put my two meters in a jumper about 
2 meters (6 feet) long, and jump this 
across the section of antenna to be 
measured; it can be moved along 
without cutting the wire. For a time I 
tied string from the feedline to the an¬ 
tenna to support the weight of the 
meters and feedline, so the jumper 
wire would stay reasonably close to 
the antenna. 

I tended to use a wire about 85 
meters (280 feet) long, and had no 
problems on 10, 20, 40, and 80 
meters. With modern rigs, however, 
there might have to be some arrange¬ 
ment for coupling the single-wire 
feeder to the exciter or linear ampli¬ 
fier, especially for band switching 
without complications. 

Bill Conklin, K6KA 
La Canada, California 
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THE TRAGIC LATE SEPTEMBER air crash in San Diego found Amateurs on the scene almost 
immediately, providing much-needed communications through area repeaters. WR6AFC bore 
the brunt of the action, serving both the Red Cross and County Emergency Medical, with 
WD6LUD doing a superb job as net control. W6INI handled the lion's share of the traf¬ 
fic, while W60TE operated from Red Cross Headquarters. The special 34-94 repeater that 
had been set up for the ARRL convention was also pressed into service, operating port¬ 
able from a nearby ridge. 

Several Dozen Amateurs participated in the operation, while discipline among the hun- 
dreds listening was ex cellent. Amateurs at or near the scene found themselves directing 
traffic, hauling spares and emergency equipment, and in general working shoulder-to- 
shoulder with the professionals at the scene. The Red Cross relieved its Amateur Radio 
assistants about 1:00 PM, almost four hours after the crash, but the County Emergency 
Medical teams contined to depend on Amateur communications — particularly WD6AHX, an 
AREC member with extensive emergency equipment — for another two hours. 

CANADA'S NO-CODE AMATEUR LICENSE went into effect September 30, with the first exams 
November 15. The "Amateur Digital Radio Operator's Certificate" gives the holder oper¬ 
ating privileges on 2 meters and up and includes packet (computer-to-computer data bursts) 
and pulse as well as more conventional modulation modes. 

Holders Of The New no-code Canadian certificate may upgrade to the Canadian "Advanced" 
certifleate simply by passing a 15 WPM code test, but must wait one year after initial 
licensing before becoming eligible to do so. Canadian Amateurs may now also retain 
credit for passing a CW test for up to one year after it's taken, even though the written 
test was failed. Amateur exams will now be given four times annually, in January, April, 
July, and October. 

Packet-Radio Transmissions will be permitted on 220.1-220.5 MHz, shared with other 
mo^ ulaC £ on m0( i eS< while 22T- 2 2 3 and 433-434 MHz will be reserved exclusively for packet 
radio use. Packet would also be permitted on 24.00-24.01 GHz. Each packet transmis¬ 
sion would require a "header" that would include the ASCII-coded call sign of the trans¬ 
mitting station, and no secret codes or ciphers would be permitted. Technical charac¬ 
teristics and modulation techniques for packet radio are to be determined by "Amateur 
experimentation." 

THE EARLY SEPTEMBER IARU Region 2 meeting in Panama City was one of the most success- 
ful and encouraging Amateur Radio conferences ever held in Latin America. The amount 
of preparation, both for next year's World Administrative Radio Conference and for the 
Panama City meeting itself, was a pleasant surprise, with very positive implications 
for the Amateur Service's future. Support for new Amateur HF bands by their governments 
was reported by a number of delegates, but it appears that not one country south of the 
United States favors expansion of HF broadcasting. 

CINCINNATI WAS THE SITE of a late-scheduled hearing on the Communications Act rewrite, 
and" thanks to WB8FGE ancTa group of area Amateurs, the Amateur Service made a very good 
showing before the three attending congressmen. Following the suggestions that resulted 
from the report of the Chicago hearing, Peter submitted a number of letters and cita¬ 
tions praising the Amateur Service for various public service contributions and made 
numerous suggestions (including definitions of the Amateur Service and various Amateur 
operations) in his testimony. He also pointed out that the rewrite as proposed was ori¬ 
ented toward profit-making radio services, and thus was quite inappropriate for Amateur 
Radio in several specific areas. 

An On-The-Air Demonstration climaxed WB8FGE's testimony. He keyed up a local repeater 
with his hand-held and made an auto-patch call to the head of the local National Weather 
Service office, who told those attending the hearing how important Amateur Radio had been 
to him in his work! 

AMATEURS PUTTING HR REPORT or other items of "general interest to Amateurs" on the 
air as a "QST" are generally well within the FCC ’ s rules, but should be discreet with 
respect to some types of stories. True news stories pose no problem, but job offerings 
should probably not be aired at all; announcements of new products, forthcoming books, 
and the like should be treated strictly as news without price or "where to buy" ‘details, 
to avoid any appearance of commercialism. .The rules do not appear to be as restrictive 
for 2-way contacts, however, as they are for QSTs. 

LARRY LEKASHMAN, W2I0P , passed away in late September after being ill for some months. 
Larry, ex-W9I0P and W8I0P, had been editor of CQ back in the 1950s and had held top- 
level positions at Electro Voice, Olson, Lafayette, and Gladding. He was also well known 
on the air as a top DXer and contest operator. 

OSCAR ORBITAL PREDICTION book users should be ADDING six minutes to the times in 
the book. 


8 B9 november 1978 



mosfet power amplifier 


for operation from 
160 — 6 meters 

The potential of the recently developed vertical 
mosfet 1 - 2 to simplify and to improve rf power ampli¬ 
fiers has been shown in several recent papers. 3 * 6 
These circuits usually employ class-A amplification, 
however, and so do not achieve the efficiency possi¬ 
ble with class-B or class-D operation. 7 - 8 Where mos- 
fets have been used in high-efficiency modes of op¬ 
eration, their power output has been relatively 
low. 9 - 10 

The circuit described here uses two Siliconix 
VMP-4 Mospower* fets in a push-pull configuration. 
The same circuit may be operated in either class B 
(for linear power amplification) or in class D (for high¬ 
ly efficient power amplification) by use of the proper 
output filter. The 160- to 6-meter frequency range 
and the 16-watt output make this circuit attractive for 
use in amateur equipment, particularly when multi¬ 
band and multimode operation is desired. 

The vertical mosfet has many advantages over its 
bipolar counterpart for both class-B and class-D rf 
power amplification. In particular, a complicated bias 
supply is unnecessary because of the high input 
impedance and the negative temperature coefficient 
of the fets; drive power is reduced and input match¬ 
ing is simplified by the high input impedance. 
Because of the negative temperature characteristic, 
secondary breakdown does not occur; hence the fets 
can withstand reactive loads in class-B operation. 

In addition, the absence of storage time facilitates 
rapid switching in class-D operation. The absence of 
storage time eliminates the possibility of subharmon¬ 
ic oscillation in either class-D or saturated class-B 
operation. The ability of mosfets to pass current in 
both directions (/.a, they are bilateral) allows them 
to operate in class D with reactive loads without 

*Mospower is the registered trademark of Siliconix Incorporated, Santa 
Clara, California. 


This circuit was the runner-up in the 1977 £D/V-Siliconix VMOS 
design contest, and is being published concurrently in EDN 
Magazine. 


diode protection (since suitable diodes for high-pow¬ 
er high-frequency operation are not available, this is 
quite significant). The saturation resistance of an fet 
(in contrast to the saturation voltage of a bipolar 
transistor) allows the efficiency in class-D operation 
to remain high even at low power levels. This is also 
significant, since ssb voice signals 10 have relatively 
high peak-to-average power ratios. 

The low gate-drain capacitance of the mosfet 
reduces feedback, making the amplifier easier to sta¬ 
bilize. The low gate-drain capacitance also reduces 
feedthrough, hence improving linearity (by supply 
voltage modulation) in class-D operation. And final¬ 
ly, the essentially constant gain of the vertical mosfet 
over the entire high-frequency band eliminates the 
need for gain-leveling circuitry. 

theory 

Class-A operation means that the fets are biased to 
remain in their active regions at all times. 7 ' 8 While 
this mode of operation promotes high gain in bipolar 
transistor power amplifiers, it limits the circuit power 
efficiency to a maximum of 50 per cent. Efficiency is 
even less at less than full output (fig. 1), and attain¬ 
ment of full output is prevented in real circuits by the 
nonzero saturation resistance of real fets (or by non¬ 
zero saturation voltage in bipolar amplifiers). 

A broadband class-B amplifier (fig. 2A) uses a pair 
of fets (or bipolar transistors or vacuum tubes) as 
current sources, controlled by the driving signal. For 
maximum linearity, the fets are biased so they have 
only a very small drain current when no driving signal 
is applied; therefore, application of drive alternately 
causes one transistor tc be active while the other is 
cutoff (fig. 2B). 

The parallel-tuned output circuit bypasses any har¬ 
monic components in the current, allowing only the 
fundamental (carrier) frequency component to reach 
the load. The sinusoidal voltage generated there 
becomes the drain voltage waveform with the addi¬ 
tion of the supply voltage. The power output is then 


I where R is the drain load resistance and Veff = 
Vod R/(R + R on ) accounts for the effects of fet on 
(saturation) resistance R on . 

At peak power output the efficiency (rf power out- 

By Frederick H. Raab, WA1WLW, 240 
Staniford Road, Burlington, Vermont 05401 
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put divided by dc power input) of a class B power- 
amplifier is 

i? zz(w/4)R/(R + R on ) <78.5% 


At lower output levels, class B efficiency is signifi¬ 
cantly higher than class A efficiency. 

Saturation of the fets produces only a small in¬ 
crease in the output power and efficiency, because 
the sinusoidal drain voltage is maintained by the par¬ 
allel-tuned circuit. During saturation, the fets are 
roughly equivalent to constant resistances, and the 
drain current is determined by application of the 
drain voltage to this resistance. 

A class-D amplifier also uses a pair of fets, but they 
are controlled by the driving signal to act as 
switches. The voltage-switching configuration (fig. 
3A) has square-wave drain voltage (fig. 3B! pro¬ 
duced by the alternate switching of the two fets. The 
series-tuned output circuit passes current only at the 
fundamental (switching) frequency, and the sinu¬ 
soidal output voltage is equal to the fundamental fre¬ 
quency component of the square-wave on the trans¬ 
former secondary winding. Alternate half-cycles of 
the transformed output current flow through each 
fet. (If the load is reactive, the output current is out- 
of-phase with the switching, and at times must flow 
in the reverse direction through each fet.) The ampli¬ 
tude of the output is a function of the supply voltage, 
and is not affected by the amplitude of the driving 
signal if the drive signal is sufficient to cause switch¬ 
ing. The power output of a class-D power amplifier is 


> = ± . 

0 7T 2 R 


( 2 ) 


fig. 1. Efficiency of different classes of power amplifiers. 
Maximum theoretical efficiency of a class-A power ampli¬ 
fier is 50 per cent, while class B efficiency is 78.5 per cent. 
The efficiency of a class-D (switching) amplifier is much 
higher, particularly at lower output levels. 

fets and can reduce the required amplitude of the 
driving signal. 

Class-B operation of rf power amplifiers is typically 
used in the high-frequency bands for linear amplifica¬ 
tion of single-sideband suppressed-carrier signals. 
Class-B power amplifiers may be driven just into sat¬ 
uration to ensure maximum output and efficiency for 
CW and FSK transmissions. In real applications, a 
set of lowpass filters (with shunt capacitor inputs) is 



A class-D amplifier can ideally achieve an efficien¬ 
cy of 100 per cent, but in practice achieves i? = 
R/(R + R on ) at most output levels. A gate bias volt¬ 
age is not required, but is easily implemented with 

fig. 2. Operation of vertical mosfets (vmos fets) in class B. The 
fets act as current sources. Waveforms of the class-B amplifier 
are shown at right. 
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fig. 3. In class-D operation the fets operate as switches. Wave¬ 
forms of the class-D amplifier are shown at right. 


used instead of a simple parallel-tuned circuit. The 
cutoff frequencies of the filters are chosen to be 
slightly less than one octave from each other to pro¬ 
vide adequate harmonic rejection for any frequency 
of operation. 

Class-D amplifiers for high frequency use are just 
now becoming practical. Circuits such as this would 
be used directly for CW, FSK, and fm transmissions. 
Linear amplitude modulation is readily accomplished 
by variation of drain supply voltage. Single-sideband 
signals can be amplified through the envelope elimi¬ 
nation and restoration technique, 7 ^, 10 which uses 
amplitude modulation to restore the envelope of the 
ssb signal and a limiter to ensure adequate drive for 
the power amplifier. A set of lowpass filters might 
similarly be used to span the range of operating fre¬ 
quencies; however, these would have series-inductor 
inputs, rather than the shunt capacitor inputs of the 
filters used with class-B amplifiers. 

design 

Since input requirements are based on the output 
current, design begins with the output portion of the 
circuit. 

Output design. Inspection of the VMP-4 Mospower 
data sheet shows a maximum drain current of 1.6 
amps and a maximum drain voltage of 60 volts; the 
latter allows a +30 Vac variation around a supply 
voltage of +30 volts. Were there no saturation volt¬ 
age, outputs of 24 watts (class B) and 30.4 watts 
(class D) could be obtained. For these power out¬ 
puts, load resistances of 30/1.6 = 18. 75 ohms (class 
B) and (4/tt)(30/1.6) = 23.87 ohms would be re¬ 
quired. The load resistance required to obtain the 
maximum output power when the saturation (on) 
resistance is non-zero is determined by subtracting 
the saturation resistance from the load resistance 
determined above for zero saturation resistance. 
Thus, for a typical value of R on = 2.6 ohms , the 
maximum power loadlines are 18.75-2.6 = 16.15 



0 r 2* 


ohms and 23.87-2.6 = 21.27 ohms for class-B and 
class-D operation, respectively. 

Obtaining optimum broadband performance re¬ 
quires the use of transmission-line transformers; 8 - 11 
this limits the choice of impedance transformations. 
A convenient transformation is 4:1; with a 60-ohm 
load, the load line is R = 12.5 ohms. This transfor¬ 
mation is accomplished by a pair of transformers as 
shown in fig. 4. The hybrid (T2I requires a 25-ohm 
transmission line; it is built by winding two turns of 
transmission line through two parallel stacks of Cer¬ 
amic Magnetics CN-20 ferrite* (each stack is 2.86 cm 
long). The 25-ohm transmission line may convenient¬ 
ly be made by connecting two 50-ohm miniature 
coaxial cables in parallel. 

The balun (T3) requires a 50-ohm characteristic im¬ 
pedance line, and is fabricated by winding two turns 
of miniature coax through two parallel stacks of CN- 
20 material (also 2.86 cm long). The combination of 
T2 and T3 provides a mostly resistive input impe¬ 
dance over the entire 1.6 to 54 MHz band when con¬ 
nected to a 50-ohm load. 

With a load line of 12.5 ohms, the output power is 
limited by the maximum drain current, thus 

*lf CN-20 material is not available, other rf ferrite material can be used. The 
reader can use the design procedures in references 8 or 11 or can borrow a 
design from another published PA circuit. 
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Pomax = = 16 watts (3) 

(An output of 25 watts would be possible with the 
VMP-1, which has a 2 amps rating.) 

The 1.6 amp peak drain current requires a dc sup¬ 
ply current of 1.6(2/z) = 1.02 amps . In class-B oper- 
ation, the drain voltage swing is simply 
1.6*12.5 = 20 volts at peak output. To avoid satura¬ 
tion, the drain voltage must be greater than 
1.6*2.6 =4.2 volts ; therefore, the supply voltage 
must be 24.2 volts to allow maximum output power 
(higher supply voltages allow maximum output pow¬ 
er, but reduce the efficiency). 

For class-D operation, the 4.2 volt peak drop 
across the saturation resistance acts in opposition to 
the fundamental frequency component of the ideal 
square-wave, requiring a supply voltage of 24.2 
(z/4) = 19.0 volts for maximum output. With 
R on = 2.6 ohms, you can expect efficiency of 82.8 
per cent for class D, and 65 per cent for class B. 

The values of the bypass and blocking capacitors 
and chokes are not especially critical. However, care 
should be taken to make sure there are no self-reso¬ 
nances within the band of operation. For testing pur¬ 
poses, simple tuned circuits with a loaded Q of 3 
(parallel-tuned) or 5 (series-tuned) were used. 

Input design. The input circuitry of a power amplifi¬ 
er using fets can differ considerably from the input 
circuitry of a bipolar amplifier. A relatively high volt¬ 
age across a relatively high capacitive reactance is re¬ 
quired. Both gate capacitances remain in the circuit 
at all times, in contrast to the reverse-biased base 
being effectively out of the circuit. Inspection of the 
VMP-1 data sheet suggests that a bias voltage of 
about 2 volts and a sinusoidal voltage of about 6 volts 
peak will be required to produce the 1.6-amp peak 



fig. 5. Equivalent circuit of the wirewound transformer used 
at the input of the amplifier (see text). 

drain current. The VMP-1 data sheet also shows a 
gate-to-source capacitance of about 50 pF. 

A 4:1 voltage reduction produces a more conveni¬ 
ent output for the driver. Since the input impedance 
of a Mospower fet varies from about 2 kilohms at 1.6 
MHz to 59 ohms at 54 MHz, true broadband match¬ 
ing is difficult. Since the drive power is relatively 
small in comparison to the output power, however, 
matching of the input to the power amplifier is not 
really necessary in most applications. This philoso¬ 
phy makes possible the use of a simple "wirewound" 
transformer. Fig. 5 depicts the equivalent circuit of 
such a transformer; low-frequency performance is 
degraded by the shunt (magnetizing) inductance Xp, 
while high-frequency performance is degraded by 
the series inductance X s . If the driver acts as a cur¬ 
rent source, only the shunt inductance reduces the 
current reaching the gates. If the driver acts as a volt¬ 
age source, only the series reactance reduces the 
voltage applied to the gates. 

The selected design for input transformer T1 is 
therefore a single-turn primary and a 4 + 4 turn sec¬ 
ondary wound on a Ferroxcube 3B7 core (1 cm diam¬ 
eter). At midband, a driving voltage of 2.5 volts 
(peak) with a 70 mA (peak current) should be suffi¬ 
cient. The required driving current will be higher at 
the low end of the band, and both the driving current 
and the driving voltage increase at the high end of 





f 


fig. 4. Schematic of a vmos fet power amplifier for 160 through 6 meters. The design of transformers T1, T2, and T3 is discussed 
in the text. Capacitors C5, C6, C7, and C8 provide an rf ground; combination may vary with different capacitors. RFC1 and RFC2 
consist of 40 turns of no. 26 (0.4mm) wire on a Permacore 57-1677form. 
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the band. Better overall performance might be 
achieved by using a core made from material with a 
lower permeability (3D3, for example). The 51 ohm 
resistors R1 and R2 dampen the tuned circuit formed 
by fet capacitance and the inductance of transformer 
T1, thus preventing high-frequency oscillations. 

Construction is straightforward, not critical, and 
quite similar to that for other high-frequency power 
amplifiers. Fig. 6 shows the physical layout of the 
amplifier. The fets are in the middle, with input-relat¬ 
ed circuitry on their left and output-related circuitry 
on their right. Transformer T3 is on top of transform¬ 
er T2, and both can be supported by pieces of PC 
board. The circuit was assembled on a piece of 
double-sided PC board to ensure a good ground 
plane; holes were cut in the board to allow the fets to 
be mounted directly on a small heatsink. 



fig. 6. Parts layout of the mosfet power amplifier. Construc¬ 
tion is straightforward, not critical, and similar to that used 
for other high-frequency amplifiers. 


performance 

Performance of this PA is measured in terms of its 
linearity and efficiency in both class B and class D 
operation, as well as by its maximum output and effi¬ 
ciency at various frequencies. 

Class B linearity. Measurements of the linearity 
(output voltage) and efficiency as functions of the 
drive amplitude were made at 3.5 MHz and with 
V D d - 24 volts. A gate bias voltage of 1.65 volts was 
used; this produced a total quiescent drain current of 
about 70 mA. Since a spectrum analyzer was not 
available, this value of Vgg was selected by increas¬ 
ing V G g until cross-over distortion vanished from the 
combined current waveform at the output from T3. 

Variation of the output voltage and efficiency with 
drive (peak voltages) is shown in fig. 7. It is evident 
in both curves that saturation has an effect at a lower 
output than expected. Efficiency increases roughly in 
proportion to output amplitude, reaching the expect- 
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fig. 7. Class B performance of the mosfet power amplifier. 
Efficiency increases approximately with the output am¬ 
plitude, reaching the expected 65 per cent efficiency at 
peak output. 

ed 65 per cent at peak output. A simple numerical 
analysis shows that this curve is roughly equivalent 
to a third-order IMD ratio of -20 dB with the peak 
output power at 16 watts. Decreasing the peak out¬ 
put power or increasing V DD will keep the fets out of 
saturation and thus decrease the IMD. However, it is 
very possible that a different choice of V G g will im¬ 
prove the IMD; this can easily be determined with the 
aid of a spectrum analyzer. Should this not produce a 
level of -30 dB or better, feedback might be added 
to the circuit. 

Class D modulation linearity. Measurements of 
performance in class-D operation at various ampli¬ 
tudes were also made at 3.5 MHz. A driving voltage 
of 2.5 volts peak was sufficient to ensure saturation. 
Gate bias was reduced to 1.2 volts, since drive linear¬ 
ity was not required. 

Variations of the output voltage and efficiency as 
functions of the supply voltage are shown in fig. 8. 
The very linear relationship of the output voltage to 
the supply voltage indicates excellent amplitude 
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fig. 8. Class D performance of the high-frequency mosfet 
power amplifier. The very linear relationship of output volt¬ 
age to supply voltage indicates excellent amplitude modula¬ 
tion characteristics. Efficiency remains close to 80 per cent 
except for low output levels. 
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modulation characteristics. The feedthrough ( V om 
with Vdd = 0) measured only 34 mV, which is 
- 61.6 dB relative to peak output! Efficiency remains 
close to 80 per cent except for low output levels, 
where it decreases but is still several times greater 
than that for class-B operation. 




fig. 9. Performance of the mosfet power amplifier vs. fre¬ 
quency. 


This amplifier can be tuned at full output power 
without fear of damage to the fets. This contrasts 
with the use of bipolar transistors, 10 with which tun¬ 
ing at other than very low power can destroy the 
transistors. Because of the exceptional stability of 
the Mospower fets, there is no oscillation when the 
drive is reduced to less than that required to maintain 
saturation; the output simply decreases gradually as 
the fets become current sources instead of switches. 
This may make possible a simplification of the class 
BD rf amplifier. 12 

frequency characteristics 

Measurement of circuit performance in class-B 
operation was made with the supply voltage set at 24 
volts; drive was then increased until maximum out¬ 
put was obtained. The resulting variations of efficien¬ 
cy and maximum output with frequency are shown 


‘Because of the limitations of the author's test equipment, the 10-meter 
and 6-meter measurements should be regarded as approximate. 


by dashed lines in fig. 9. In the 80 to 15 meter bands, 
the output and efficiency are nearly constant at 
about 16 watts and 64 per cent, respectively. At both 
the high and low ends of the 160 to 6 meter range, 
both output and efficiency decrease as the perform¬ 
ance of the output transformer degrades. 

The performance of the circuit in class-D operation 
was measured with the supply voltage set at 20 volts 
and the drive increased until no further increases in 
output were observed. The resulting efficiency and 
maximum output curves are shown in fig. 9 as solid 
lines. An efficiency of about 80 per cent is obtained 
in the 80 and 40 meter bands with an output of about 
16 watts. Slight decreases in the output and efficien¬ 
cy can be seen in the 20- and 15-meter bands. More 
significant decreases in both output and efficiency 
occur near the high and low band edges.* It is not 
surprising that these are more pronounced than in 
class-B operation, since class D is a more exacting 
mode of operation. 

This circuit has demonstrated the use of 
Mospower fets in both class-B and class-D operation 
in the high frequency range. Performance in class-B 
operation was generally similar to that obtained with 
comparable bipolar transistors; performance in 
class-D service was generally superior to that which 
can be obtained with bipolar transistors. In either 
type of operation, the VMOS fet offers many advan¬ 
tages stated previously that do not show up in the 
measurements made above, but do show up in the 
operation of real circuits. Similar design techniques 
can be used with other VMOS fets to achieve other 
power outputs. 
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basics of the 
digital VFO — 

a tunable synthesizer 


Basics of the 
digital synthesizer, 
from simple 
switch-controlled dividers 

to a full 
optical-encoder 
controlled system 

It has been many years since something techni¬ 
cally innovative has come to ham radio. Two meters 
has allowed development of repeaters, scanning, 
and Touch-Tone* phone patching, but these devel¬ 
opments are generally extensions of already well- 
known and previously applied principles. The digital 
synthesizer is somewhat new to amateur radio, but 
has been in use in commercial and military equip¬ 
ment for many years. The digital synthesizer was a 
natural for two-meter operation because of the cur- 

*Touch-Tone is a registered trademark of the American Telephone and 
Telegraph Company. 


rent practice of operating on fixed channels. By and 
large, amateurs have contributed very little to the 
synthesizer art. 

On the high-frequency bands, due to nonchannel 
operation, the knob- or push-button-operated syn¬ 
thesizer has found little favor. Those of you who 
have tried to tune the hf ham bands using synthe¬ 
sized, military receiving equipment will readily under¬ 
stand why. Yet the advantages of the synthesizer 
over the VFO are tremendous. Apart from its inherent 
frequency stability and accurate readout, the synthe¬ 
sizer allows the transceiver designer to convert to an 
i-f frequency higher than the signal frequency, elimi¬ 
nating the need for multiple conversion and the 
attendant barrage of spurious and birdie signals that 
usually accompany multiple conversion techniques. 

Additionally, each mixer placed at the front end of 
a receiver increases the potential for cross modula¬ 
tion, intermodulation, and image products. 

The principal advantages of up-conversion design 
have been well documented, particularly in recent 
articles by Ulrich L. Rohde, DJ2LR, 1 and Wayne 
Ryder, W6URH. 2 So, no more will be said here 
except to point out that a high-frequency i-f amplifier 
requires a high-frequency local oscillator signal. 
Unlike the VFO, the synthesizer readily operates at 
the higher frequencies. 

Recently, a new transceiver, the Astro 200, 
appeared on the ham market. To the best of my 

By Lester A. Earnshaw, Post Office Box 1584, 
Sedona, Arizona 86336 


18 Q november 1978 



vco 

OUTPUT 


knowledge, the Astro 200 was an amateur first. Its 
design has probably set the pace for all new designs 
in ham radio, using a tunable synthesizer. To tune 
down in frequency a momentary switch is depressed; 
to tune up in frequency the switch is lifted. A digital 
readout keeps track of the frequency. The com¬ 
pany's literature claims that this method of tuning 
will eventually be used in all ham transceivers and, 
with some reservations, I agree. However, I do not 
agree about the switch method of performing the 
tuning. In my opinion, the method lacks feel and 
does not control the speed with which the signal is 
tuned. But this is a matter of application, not princi¬ 
ple. There are various variable-speed methods that 
overcome this objection. The point is, it is only a 
matter of time before the continuously tunable syn¬ 
thesizer does to the VFO what transistors have done 
to tubes. 

Surprisingly, the manufacturers of the Astro 200 
stayed with the conventional low-frequency i-f, 
reducing by perhaps 75 per cent the effectiveness of 
the system. To have ''tamed'' the multitude of har¬ 
monics and birdies that this low-frequency system 
must have generated is a task I am pleased was not 
allotted to me! 

There has been little information in the amateur 
literature, or any literature for that matter, concern¬ 
ing tunable synthesizers, or, as I have chosen to call 
them here, digitally tuned VFOs (DTVFOs). Anyone 
experimenting with DTVFOs is virtually on his own. It 
is hoped that the information presented here, which 
has come mostly from breadboards and experiments, 
will be of some assistance. I have tried to present the 
information in a progressive way, much as I learned it 
myself. However, I should point out that the devices 
are not necessarily the latest or the best available. 
Most of the ICs are readily available junk box surplus. 
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fig. 1. Block diagram of a basic digital synthesizer. The 
phase detector is used to determine the difference between 
the reference frequency and that supplied by the divider. 
The error voltage represents the difference and is used to 
change the frequency of the VCO until there is zero dif¬ 
ference. The programming switches can alter the divider, 
and hence will change the output frequency of the VCO. 


COUNTER 



PROGRAMMING 


COUNTER 

fig. 2. In this example, the programming switches have 
been replaced with another counter. Since the outputs of 
the second counter are in BCD, they are used to directly 
drive the load inputs of the first counter. 

Amateurs with a technical background will have little 
trouble duplicating and improving the circuitry. 

synthesizers 

A DTVFO is actually a modification of a regular syn¬ 
thesizer which uses a number of panel-mounted BCD 
switches or pushbuttons to program counters to 
control the desired frequency. The DTVFO, instead of 
using switches, uses the Q outputs from a second 
parallel counter to do the programming. This is more 
clearly illustrated in the block diagrams of figs. 1 and 
2. Fig. 1 is a conventional, simplified digital counter 
using a phase-locked loop system and panel-mount¬ 
ed switches to select the frequency. 

In this instance, let the reference signal applied to 
the phase detector be 1 MHz and the VCO output be 
10 MHz. If the counter or divider has been set by the 
knobs to divide by 10, the second signal applied to 
the phase detector will also be 1 MHz. There will be 
no error voltage from the phase detector. Now, let 
the VCO be 11 MHz; the signal applied to the phase 
detector will now be 1.1 MHz. The phase detector 
will develop an error voltage and retune the VCO to 
10 MHz so that the input to the phase detector is 
again 1 MHz. When no error voltage is developed the 
system is in lock. 

If the divide ratio is set to 9, the VCO will retune to 
9 MHz so that once again the phase detector input is 
1 MHz. Thus, by changing the divide ratio, a number 
of VCO output frequencies, each locked to the crys¬ 
tal-derived reference frequency, may be obtained. 
Note that the counter cannot divide by fractions. 
Since the reference frequency in the example just 
discussed is 1 MHz, the VCO output can only be in 
1-MHz increments. If smaller increments are 
required, the reference frequency must be lowered 
and the number of counters and synthesizer frequen¬ 
cy-selector knobs increased. Obviously, it requires 
only one knob to tune a frequency synthesizer from 1 
MHz to 9 MHz in 1-MHz steps, but it requires four 
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knobs to cover the same frequency range in 1-kHz 
steps. 

Fig. 3 shows a truth table for a 74192 program¬ 
mable decade counter commonly used in frequency 
synthesizers. The program input pins (often called 
load inputs, program inputs, or jam inputs) are nor¬ 
mally held low. By connecting specific inputs to +5 
volts, a predetermined counter divide-ratio may be 
obtained. Highs ( + 5 volts) are shown as 1 on the 
truth table. To divide by 1, for example, input LI (pin 
15 on the 74192) is taken high. To divide by 2, input 
L2 (pin 1) is made high. And to divide by 3, both LI 
and L2 are made high. These functions are normally 
carried out by the programming switches. It should 
be readily apparent that if a method of progressively 
raising the appropriate inputs can be devised, the 
VCO will sweep across a band of frequencies. If a 
smaller reference frequency is used, the VCO will 
sweep in smaller steps. When the steps are suffi¬ 
ciently small — less than 100 Hz — it will seem as if 
the VCO has tuned across a signal in a normal VFO 
manner. 

To accomplish the tuning or sweeping action yet 
stop on command, a second counter may be substi¬ 
tuted for the BCD switches. This is shown in fig. 2 
and, for the purpose of clarity, this counter is 
referred to as No. 2 counter. If we feed a square 
wave, one pulse at a time, into the input of counter 
No. 2, assuming the counter had been set to zero, 
the first pulse will cause Q1 output to go high. Since 
Q1 is connected to LI of the No. 1 counter, the syn¬ 
thesizer will divide by 1. When the second pulse is 
entered into the counter, LI will go to ground and L2 
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fig. 3. Truth table for the programming inputs of a 74192 
programmable divider. 
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NUMBER TWO 


I PUSH 
BUTTON 


fig. 4. The single-pole, double-throw switch allows either 
an up or down count each time the button is pressed. Nor¬ 
mally though, a low-frequency pulse train would be fed into 
the switches. 

will go high. The counter will divide by 2. Similarly, a 
third pulse will cause both LI and L2 to go high for a 
count of 3. And so on. If only one set of counters is 
used, the division will be from 1 to 9. If two sets of 
series-connected counters are used, the division will 
be 1 to 99; three counters, 1 to 999; and so forth. 

To tune or sweep a synthesizer, it is merely neces¬ 
sary to feed a number of pulses into the No. 2 coun¬ 
ter. The pulses may be created by sequential action 
of a pushbutton-type switch. But, as this is a slow 
process, a square-wave oscillator may be turned on 
when the button is pressed and the output entered 
into the counter. This is the same method used to 
tune the Astro 200 transceiver. 

One problem with feeding the oscillator into the 
counter is that it becomes necessary to tune across 
the whole band if the counter is at one end and the 
desired frequency at the other. This can be quite a 
chore on 10 meters, especially when the square- 
wave oscillator has a fixed speed. Fortunately, this 
problem may be overcome by presetting the load 
inputs. A Touch-Tone pad will allow the operator to 
preset the frequency, with the fine tuning accom¬ 
plished by feeding the square-wave into the clock 
input. 

With the counter connected as shown in fig. 2, it 
will sweep only in one direction. In the case of the 
single-decade unit, the counter will count to 9, reset 
to 0, and start over again. To move the frequency in 
either direction a special kind of counter is required. 
This is known as an up/down counter. The 74192 
has this facility. The counter has two input terminals, 
one for counting up and one for counting down. Fig. 
4 shows how a double-pole, single-throw switch may 
be connected to route the tuning pulses to either 
counter. In practice, pulse conditioners, also known 
as debouncers, would have to follow the switches. 
(No matter how quickly and firmly the buttons or 
switches are activated, there will be bounce.) For 
those who wish to experiment with pushbuttons, a 
simple debouncing circuit is given in fig. 5. 3 

The pushbutton makes it relatively easy to observe 
the sequence of events, but you must realize that in 
an actual system with a 100-Hz reference, the VCO 
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fig. 5. Example of a simple switch debouncing circuit. 

will move only 100 Hz each time the button is pressed. 
Be prepared for an all-night session if you wish to 
tune across 10 meters! 

As previously mentioned, a low-frequency, 
square-wave oscillator may be used to speed up the 
tuning; it may be switched between input terminals, 
or two separate oscillators can be used. Of course, 
only one oscillator may be activated at one time. It is 
important to note that when feeding a square wave 
into one input terminal, the other terminal must 
remain high. 

Several switching methods for the square-wave 
oscillators have been used. The first used two separ¬ 
ate pushbuttons, one for up and one for down. Bet¬ 
ter yet was a potentiometer with a center off posi¬ 
tion. When turned counterclockwise, the oscillator 
slowly started up, increasing frequency as the knob 
was turned. When the potentiometer was turned 
clockwise, past center, the other oscillator started. 

frequency readouts 

A major disadvantage of the DTVFO is that there is 
no simple, conventional, dial-type readout that can 
be used. Fortunately, the DTVFO also contains the 
essentials of a frequency counter that can be used 
instead of a conventional dial. Referring to fig. 2, the 
Q outputs of the No. 2 programming counter are 
exactly like those obtained from a frequency counter. 
Fig. 6 illustrates the connections necessary to con¬ 
vert the BCD information to a digital readout. Only a 
few extra components are required. The system is 
simplified by the fact that no latching is required. 
Since the counter does not update, no flickering 
occurs and the figures change only when the VCO is 
tuned. 

With the frequency counter measuring the local 
oscillator, an offset is required so that the display 
indicates the actual transmitted frequency. If the sig¬ 
nal frequency is 14000.0 kHz and the VCO is 5000.0 
kHz, a 9000.0 offset is needed to make the readouts 
indicate 14000.0 kHz. In an amateur-band transceiv¬ 
er, the MHz readout is often hardwired and activated 
by the bandswitch because the bands only cover a 
small part of the spectrum. In a complicated system, 


such as a general-coverage receiver, a PROM may 
well provide the programming link between the 
bandswitch and the readout. 

A digital VFO is subject to all the pitfalls and prob¬ 
lems normally encountered in a regular synthesizer. 
Of prime interest is error-voltage filtering and lock-up 
time, plus a couple of other hazards applicable to the 
tunable system. A tunable system requires a low-fre¬ 
quency reference, 100 Hz or less, preferably less. 
Even a 100-Hz system produces observable steps, 
especially noticeable on CW. Unfortunately, a low- 
reference signal makes it very difficult to adequately 
filter the reference spikes from the error-voltage line 
without unduly affecting the settling and lock-up 
time. The reference signal will show up as sidebands, 
removed from the carrier by the amount of the refer¬ 
ence frequency. When a low-frequency reference is 
used, lock-up time takes considerably longer, and if 
the VCO frequency is high, many cycles of operation 
will take place before correction can occur. The VCO 
may then exhibit jitter or burble. 

Sideband content is also highly dependent upon 
the type of phase detector used. Rohde has thor¬ 
oughly discussed the advantages and the disadvan¬ 
tages of different types of phase detectors. 1 There is 
little I can add except to reiterate that the sample- 
and-hold-type detectors and the RCA CD4046 are 
preferred over most of their counterparts. 

In many synthesizers, when the frequency is being 
changed the oscillator output is muted. With the 
oscillator muted, it will be impossible to recognize 
that a station is tuned in until the tuning stops. How- 
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fig. 6. By connecting a BCD-to-7-segment converter to the 
outputs of the first counter, the frequency of the VCO can 
be directly read. This, in most cases, will not be the fre- 
quency to which the receiver is tuned. 
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fig. 7. Diagram of the basic system for using a rotating disc 
to control the frequency of the VCO. Depending upon the 
direction of rotation, the voltages derived from the photo 
transistors will cause the counter to count either up or 
down, hence, changing the frequency of the VCO. 


ever, if presetting is employed (a large VCO frequen¬ 
cy change), muting may be necessary. 

In a 100-Hz reference system, you will notice that 
the tuning action imparts a small fm effect to the sig¬ 
nal during the tuning process. This is due to the fact 
the lock-up process is trying to follow the tuning, and 
unless lock-up is extremely fast, it must have a period 
of time in which there is an out-of-lock condition. 

A problem encountered in tunable synthesizer sys¬ 
tems that is not seen in the regular synthesizer oc¬ 
curs whenever the VCO approaches the end of the 
band. Assume a DTVFO is designed to cover the fre¬ 
quency range of 5 to 6 MHz, with the counter hard¬ 
wired to 5 MHz. The counter counts up to 5997, 
5998, 5999, and suddenly resets back to 5000 kHz. 
This can be somewhat upsetting to the operator try¬ 
ing to tune in a signal near the band edge. Fortunate¬ 
ly, the problem is readily overcome by using a few 
inexpensive gates. For every frequency, the outputs 
of the No. 2 counter will have a unique combination 
of highs and lows. For example, when the counter 
reaches 9, the QTand Q4 outputs will be high. There¬ 
fore, if the two highs are sampled by a two-input 
NAND gate, its output may be used to prevent any 
further pulses from reaching the counter. 

optical encoder 

After having built and operated a number of 
DTVFO systems, I soon realized that something bet¬ 
ter than spring-loaded switches or pushbuttons was 
required if the tuning is to have the right feel. Using 
the button- or switch-activated square-wave oscilla¬ 
tor, you either run right over the station or you stop 
short of it. Then it becomes necessary to “milk" the 
switch in the manner of an aircraft flap system, to 
creep up on the station. Then, in the middle of the 
milking process, the other person stops speaking! 
The potentiometer-controlled oscillator was better, 
but still lacked feel. 

•Rohde 8- Schwartz, Munich, applied for a patent on the shaft-encoder, 
controlled-frequency synthesizer in May of 1961. Patent 977,780 was issued 
on July 13, 1962. 


The next logical step called for the incorporation of 
the rotating disc tuning system.* In this system, a 
series of holes was punched around the perimeter of 
a 8.9-cm (3-1/2-inch) diameter disc. The disc was 
mounted on a flywheel, which in turn was connected 
to a 2.8:1 Jackson Brothers drive. The entire 
mechanism was then mounted on the receiver front 
panel and turned by an ordinary, large-diameter tun¬ 
ing knob. The flywheel not only gives the tuning a 
nice heavy feel, but also allows the knob to be quick¬ 
ly spun. 

Using the same principles as the commercial ver¬ 
sions (light sources and photo transistors), this tun¬ 
ing system creates a series of pulses as the knob is 
rotated. The problem was then one of sensing direc¬ 
tion of travel, or tuning the DTVFO up or down in fre¬ 
quency as the knob is turned one direction or the 
other. The answer turned out to be quite simple, and 
is shown in fig. 7. Initial conditions start with photo 
transistor A receiving light and delivering an output 
(see fig. 7A). As the disc is turned clockwise, fig. 
7B, both transistors receive light and deliver output 
voltages. In fig. 7C, transistor A has lost its light, 
accompanied by the resultant decrease in output 
voltage. Thus if the disc is turned clockwise, transis¬ 
tor A always receives and loses its light ahead of B. 
However, if the disc is turned in the opposite direc- 
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fig. 8. Pushbuttons have been used to simulate the pulses 
received from the photo transistors in the rotating disc, or 
optical encoder, system. The NAND gates are used to de¬ 
bounce the switches. The two 7474s determine in which 
direction the disc is rotating, thereby feeding the pulses to 
the appropriate input of the up/down counter. 
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tion, B will receive and lose its light ahead of A. 
Therefore, the voltage pulses from the photo transis¬ 
tors, in conjunction with the appropriate logic, can 
be used to control an UP/DOWN counter. By detect¬ 
ing which pulse occurs first, A or B, the second pulse 
can clock the counter, either up or down. 

To prove the theory, I constructed the actual cir¬ 
cuit, with pushbuttons used to simulate the pulses 
from the photo transistors (see fig. 8). As previously 
mentioned, it is necessary to use debouncing circuits 
to ensure that only one pulse is generated when the 
button is pressed; hence, the 7400 NAND gates with 
normally low outputs. U2A drives the count-up input 
of the 74192 counter, with U2B driving the count- 


the holes should be at least twice the diameter of one 
of the photo transistors. The transistors should 
receive an equal amount of light when the hole is 
exactly above the two. There must be no stray light, 
which causes the photo transistors to bias up into an 
intermediate state. When the light is shaded, the col¬ 
lector voltage should be close to + 5 volts. When the 
photo transistor receives full light, its collector volt¬ 
age should drop to less than 1 volt. 

Just as the pushbuttons were followed by 
debouncing circuits, so must the photo transistors be 
followed by similar circuits. In this instance, the 
debouncing circuits are schmitt triggers fashioned 
from CMOS gates. CMOS was used to prevent 



fig. 9. Final circuit for the homemade shaft encoder. Each time the light path is interrupted, a pulse is generated. This pulse 
causes the counter to increment or decrement by one count, depending upon the direction of disc rotation. 


down terminal. Using the switches, I was able to 
simulate the sequence of events as the disc is turned. 

1. SI is pressed and held down. U2A is preset by 
the high level on pin 1. 

2. S2 is pressed and held down. U2A is clocked, 
with pin 3 going high and pin 6 low. 

3. SI is released. Pin 1 of U2A goes low. Pin 6 of 
U2A goes high causing the 74192 counter to advance 
by one count. (The counter operates only on posi¬ 
tive-going pulses.) 

4. S2 is released. Pin 3 of U2A goes low. 

If the buttons are pressed in the opposite order (S2 
pressed and held down, SI pressed and held down, 
S2 released and then SI released), U2B will be preset 
and clocked. The output pulse applied to the 74192 
will cause the counter to decrement one count. 

After the pushbutton system was operating cor¬ 
rectly, the circuit was modified to that shown in fig. 
9. A small light bulb was positioned so as to shine 
through only one disc hole into the two photo tran¬ 
sistors. The hole diameter and the spacing between 


loading of the photo transistors. Further gates were 
necessary to prevent the 7474 from loading the 
schmitt triggers and causing interaction between the 
inputs. Before the gates were added, the 7474 flip- 
flops were delivering a stepped-output waveform 
which was causing the counter to misfire. Since the 
74192 counters are edge triggered, a stepped 
waveform edge can cause havoc. If the CMOS ver¬ 
sion of the 7474 is used, the buffering may be un¬ 
necessary. 

practical DTVFO 

A complete, tunable synthesizer with 100-Hz reso¬ 
lution is shown in figs. 10 and 11; although I earlier 
mentioned that a DTVFO readily allowed up-conver¬ 
sion operation, the unit to be described operates in 
the low-frequency range, 5 to 6 MHz. This frequency 
was chosen so that its output could be used to oper¬ 
ate an ALDA 103 transceiver. The frequency and 
output level are both compatible with this particular 
transceiver. Fig. 10 contains the two counter chains 
and readouts, with fig. 11 showing the reference 
oscillator, dividers, phase detector, VCO, and 
buffers. 

Referring to fig. 10, the synthesizer divider chain 
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fig. 10. Schematic diagram of the counter chains used in the 5-MHz digitally tuned VFO. The up/down inputs for U1 come from the optical shaft encoder system described in the 
text. In addition to driving the load inputs of the first counter chain, the Q outputs also drive the BCD-to-7-segment converters. The load inputs for U9 have been hardwired 
since this counter always divides by five. 
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fig. 11. Diagram of the VCO and reference oscillator portion of the digitally tuned VFO. Using standard CMOS ICs, the oscillator 
is divided down to 100 Hz prior to being applied to the phase detector. Transistor Q1 is a Hartley oscillator which covers the 5 to 
6 MHz range under control of the phase detector. LI is 18 turns of no. 26 AWG (0.4 mm) wire wound on a 6.5-mm (1/4-inch) diam¬ 
eter form. The tap is located five turns from the bottom of the coil. 


consists of U6 through U10. Pulse stretcher U11, in 
addition to supplying the reset pulse for the coun¬ 
ters, also drives the phase comparator in fig. 11. U1 
through U4 constitute the programming chain, with 
pulses from the optical encoder used to provide the 
count-up and count-down inputs. The Q outputs 
from the four respective counters are used to pro¬ 
gram the load inputs of the synthesizer divider chain 
and also to drive the BCD-to-7-segment converter. 

U10 has been hardwired to divide by five so that 
the synthesizer output covers from 5 to 5.9999 MHz. 
Provided the VCO-tuned circuit is adjusted accord¬ 
ingly, U10 may be hardwired to cover other 1-MHz 
increments. 

U16 may be dispensed with and the appropriate 
segment resistors grounded to obtain the digit 5, 
eliminating the 7447 BCD-to-7 segment decoder. 

When first turned on, the counter outputs cause 
odd readout displays; momentarily grounding the 
load line (SI) will set all counters and displays to 
zero. Of course, this function could be made auto¬ 
matic or gated to the bandswitch so that each band 
is started at the low-frequency end. 

In fig. 11, U1A is connected as a 1024-kHz crystal 
oscillator, followed by buffer U1B. U2 and U3 subse¬ 
quently divide the reference oscillator output down 


to 100 Hz prior to application to pin 14 of the phase 
detector. 

The resultant error voltage from the phase detec¬ 
tor is filtered by the following RC network. While this 
filter does not represent the ultimate in filtering, it is 
satisfactory for normal listening. A Singer spectrum 
analyzer shows the sidebands well down into the 
noise. However, when the VCO is beat against a crys¬ 
tal oscillator to create a low-frequency audio beat 
note, a slight “burble" can be detected. As the 
DTVFO was an experimental project rather than a 
construction project, no further effort was made to 
improve the filtering. 

I found in the breadboarded circuit that consider¬ 
able sidebands were created not by poor lock-line 
filtering, but by lock-line pick up. The line was 
changed to coax and the sideband content dropped 
considerably. 

The VCO tuning slug should be adjusted for the 
middle of the range to be covered. This is more readi¬ 
ly accomplished if the lock line is disconnected from 
the phase detector and connected to a variable 
source of voltage. The voltage should be set to 2.5 
volts and the slug set to the center of the frequency 
range to be covered, or in this case 5.5 MHz. When 
the lock line is reconnected and the circuit tuned to 
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5.5 MHz, the lock-line dc voltage should read close 
to 2.5 volts. 

The VCO must be capable of swinging at least 20 
per cent beyond the frequency range to be covered 
when the lock line is varied from 1 to 4 volts. Except 
for the photo transistor part of the encoder, the cir¬ 
cuit is pretty well foolproof and, provided the correct 
connections are made, should work right off. 
Because my junk box yielded two different photo 
transistors, some difficulty was encountered obtain¬ 
ing a match from the two devices and one of them 
was somewhat temperature conscious. However, it 
was felt that proper devices would solve this problem 
so it was shelved until better devices were obtained. 

When tuning ssb signals, the DTVFO will feel 
exactly like a conventional VFO. After using the 
DTVFO for a few days I was amazed at how sloppy 
my previous listening habits had been. I'm quite 
sure that I'd been listening to stations with the 
receiver 100 Hz or more off frequency. Consequent¬ 


ly, the fact that the DTVFO comes in 100 Hz steps 
made no difference. On CW, however, as the signal 
is tuned, the steps are quite noticeable, but make lit¬ 
tle difference to the copy. 
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printed-circuit layout using the longhand method 


Electronic circuits require some method of con¬ 
necting the parts together. This can be done by the 
printed-circuit board, which is made using photo¬ 
graphic methods, or by point-to-point wiring. 
Obtaining the photo negative for the PC board is usu¬ 
ally beyond most home workshop capabilities. I'd like 
to describe what I call the "longhand circuit layout" 
method. This method allows you to make PC boards 
without using a photo negative. With it, you can 
quickly lay out and build a PC board. My method dif¬ 
fers from the photo approach in that you draw the 
circuit pattern on the copper-clad board. 

materials 

Fig. 1 shows the materials required for laying out a 
circuit. The graph paper should have 10 squares per 
25.4 mm (10 squares per inch). This allows for 1C pin 
spacing of 2.54 mm (0.1 inch). The copper-clad 
board can be cut to size by scoring a line on both 
sides and snapping it in two. Of the three types of 
etchant resist shown, I prefer the .felt-tipped pen 
because it's easiest to use. The pen and etchant 

By John A. Burton, WB9QZE, 2282 
McKinley Ave., Columbus, Indiana 47201 


resist can be obtained from Radio Shack and other 
sources. (You might have to thin the resist to draw 
fine lines with it.) 

procedure 

The first step is to draw your parts onto the graph 
paper — the "longhand method." Do this by placing 
a dot for each end or pin of the part. For resistors 
I use 13-mm [0.5-inch) spacing between the dots. 
Then I draw the schematic symbol for the part be¬ 
tween the dots. This helps keep track of the parts. If I 



r 


fig. 1. Materials needed for the "longhand layout method" 
for making PC boards. Shown are a scored copper-clad 
board, etchant, etchant resist, etchant-resist pen (pre¬ 
ferred), and the circuit laid out on graph paper. 
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fig. 2. Typical circuit layout on graph paper, which has 10 
squares per 25.4 mm (10 squares per inch). The copper-clad 
board should be taped to the back of the circuit layout so 
that the dots in the pattern can be punched onto the board. 


have the room, I put the value of the part next to it, 
which helps me later when I insert the parts into the 
board. 

Once the pattern is drawn onto the graph paper, 
the next step is to transfer it to the copper-clad 
board. With the copper-clad board beneath the 
graph paper, take a sharp-pointed tool and tap the 
dots on the graph paper. Important — the board 
must not slip while you're doing this. I prevent slip¬ 
page by taping the board to the back of the graph 
paper. 



Tools and materials used in the "longhand layout method." 
The long nose pliers are used to tap the center punch, which 
transfers component-mounting holes from the graph paper 
to the copper-clad board. Note that one of the copper-clad 
boards (left) hasn't been thoroughly cleaned. 


When all the dots have been punched, remove the 
board from the graph paper. With the etchant resist, 
draw the same pattern on the copper-clad board by 
connecting the correct dots together. Don't worry 
should you connect the wrong dots. If this happens, 
let the resist dry. It can be removed with a scribe or 
typewriter eraser. 

The board can now be etched. When it has been 
etched, remove the resist by rubbing the board with 
steel wool or a household cleanser. 

Now drill the holes, which will be easy since you 



The typewriter eraser is used to remove unwanted etchant 
resist. At top is an example of a pattern on a copper-clad 
board using the "longhand layout method." A completed 
built-up PC board is shown at right. 


have already centertapped each hole when you 
transferred the dots from the graph paper to the cop¬ 
per-clad board. I use a no. 60 drill, which is 1 mm, or 
about0.04 inch. 

You are now ready to insert your parts. Refer to 
your graph-paper pattern and put the parts into the 
correct holes on the board. That's all there is to it. 
Once you've used this method I think you'll agree it's 
a fast, simple way to make circuit boards. 

A couple more things need mention: one is to 
clean the copper-clad board before applying the 
resist. If the board isn't free of dirt and oil, the resist 
will not stick to the copper. Also, the more informa¬ 
tion you can print on your pattern, the easier it will be 
to insert parts and wire to switches or any other part 
that's not on the board. So it's a good idea to plan 
your layout with this in mind. 

I hope the photos and drawing will answer ques¬ 
tions I may have overlooked in the text. I've been us¬ 
ing this method for ten years and haven't found its 
equal. 

ham radio 
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monolithic crystal filters 


Introducing the MCF, 
a new and 
improved development in 
crystal-filter technology — 

a report on 
its applications in 
communications electronics 

When high selectivity in electronic circuits is a 
must, mechanical filters, ceramic filters, or crystal fil¬ 
ters are used. A new type of crystal filter is becoming 
popular: the monolithic crystal filter (MCF). It 
replaces the conventional crystal filter and leads to 
new applications for this new product, because the 
MCF shows comparable electrical features but is 
smaller and can be made more economically in large- 
scale production. What is a monolithic crystal filter, 
and what is the difference between it and conven¬ 
tional crystal filters? 

conventional crystal filter 

Conventional crystal filters consist of one to ten 
single quartz crystals coupled together by inductors, 
capacitors, and resistors in a distinct way to yield the 
filter characteristics required by the design specifica¬ 
tions. As a typical example, fig. 1, shows the internal 
circuit of the well-known XF-9B bandpass filter of 
KVG* which is a standard filter for single-sideband 
applications. It's an eight-pole filter, which means it 

*Kristallverarbeitung Neckarbischofsheim, West Germany; available in the 
United States and Canada from Spectrum International, Post Office Box 
1084, Concord, Massachusetts 01742. 


includes eight crystals. The bandwidth is ±1.2 kHz 
at -6 dB attenuation (related to the passband) at a 
center frequency of 9 MHz. 

Each stage consists of tuned half-lattice bridges 
with one crystal in each branch. The stages are 
coupled through C4 and C5. For matching the filter 
impedance to 500 ohms, the input and output cir¬ 
cuits have stacked windings. To compensate for 
strays, both resonate circuits are tuned to a higher 
frequency. With external trimming capacitors the fil¬ 
ter can be aligned to the exact center frequency, 
which is also the point of minimum passband ripple. 

monolithic two-pole (dual) filter 

Instead of single crystals, the monolithic crystal fil¬ 
ters use multiple resonators, which consist of several 
vibrating systems plated onto one common crystal 
blank. Typically, these vibrators are of the thickness 
shear type (AT cuts) with a frequency range from 
5-30 MHz in the fundamental mode (piano-parallel 
crystal blanks). Most types of multiple resonators 
work in the fundamental mode, but the same princi¬ 
ple can be applied to overtone resonators as well. 

The simplest arrangement of multiple resonators is 
the monolithic two-pole filter, referred to as "dual." 
What is its difference compared with single crystals? 

The equivalent electrical circuit of a single crystal is 
shown in fig. 2. It involves a high-G series-resonant 
circuit consisting of the motional parameters LI, Cl, 
R1 and the static capacitance, C 0f in parallel. The Q 
is greater than 50,000. T2 

The series-resonant frequency is 


ZTyfLM 

and parallel-resonant frequency above f s is 

ft —. = = <2) 

By Bernd Neubig, DK1AG, Westliche 
Ringstrasse 42, D-6921, Epfenbach |FRG|, 
Germany 
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The monolithic two-pole filter has two pairs of 
electrodes, which are plated onto one common crys¬ 
tal so that both resonators are mechanically coupled 
to each other by the crystal blank in a well-defined 
magnitude. This leads to the equivalent electrical cir¬ 
cuit shown in fig. 3, 

Both resonators consist of the motional quantities 
LI, Cl, R1 and LJ', Cl', HI'. The static capaci¬ 
tances across each pair of electrodes are C 0 and C 0 '. 
The four-pole in fig. 3 (dashed lines) involving Ck and 
the negative capacitances - C* — a so-called imped¬ 
ance inverter configuration 3 — represents the 
mechanical coupling between both systems. 4 

The coupling factor, k is 

(3) 

Ck 

and has an order of magnitude of 10 ™ 4 -10- 3 in fun¬ 
damental-mode duals. Overtone duals have smaller 
coupling factors. The coupling factor of a particular 
dual is determined by the configuration of the elec¬ 
trodes, the gap between them, the crystallographic 
direction of coupling, the mass of the electrode plat¬ 
ing, and the thickness of the quartz blank. 5 

The resonant frequencies of both resonator pairs 
are normally equal or very close to each other: 


h'~fi = 


i 

2ttV LjCj 
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fig. 1. internal circuit of KVG filter XF-9B. 


thickness-shear motion of the crystal) takes place in 
the same direction in both systems. 

2. Connecting both resonators as shown in fig. 
4B, series resonance appears at the "antisymmetric 
frequency,"/^ which is above/^: 

fayym ~fl V" 1 + k *** fsym (1 + k) (6) 

In this configuration both systems vibrate in phase 
opposition. 

Additionally, both frequencies,/^ and f mymi can 
be measured between pins A and B with short cir¬ 
cuited output pins (B and C). In this case, symmetric 
and antisymmetric frequencies are the frequencies of 
maximum input admittance of the four pole. 6 

The frequency difference between both character¬ 
istic frequencies — often called "mode spacing" — 
increases with higher coupling factor, k, as you can 
see in eq. 6. 


Because of the coupling effect these frequencies 
can't be measured directly. For example, between 
pin A and pin B, with pin C open (fig. 3), you can 
measure a frequency f 2 * that's lower than that 
obtained with eq. 4.* 

Two new resonant frequencies occur, which are 
the characteristic vibration modes of monolithic dual 
resonators. These frequencies are of great signifi¬ 
cance for the application of duals as filter compo¬ 
nents: 

1. When both resonator systems are connected in 
parallel, as shown in fig. 4A, series resonance ap¬ 
pears at the so-called "symmetric frequency": 

fsym^JlFFF (5) 

In this circuit both systems vibrate in equal phase. 
This means that the mechanical displacement (of the 


monolithic multipole resonators 

The principle of the monolithic dual resonator can 
be expanded and leads to monolithic multipole reso¬ 
nators with up to eight or ten resonator systems on 
the same crystal disc. 

The mathematical synthesis of such vibrators is 
complex. Also measuring and production techniques 
are difficult. Each type of filter needs a certain con¬ 
figuration of the resonators. This restricts the feasi¬ 
bility of economically producing a large number of fil¬ 
ter specifications in smaller quantities. Furthermore, 
with a larger number of resonators, the problem of 
spurious responses increases. This is why the multi¬ 
pole monolithic crystal filter hasn't become popular 
except for special applications such as channel fil¬ 
ters. 7 The tendency is to obtain multipole crystal fil¬ 
ters by stacking several dual resonators, as explained 
below. 


*More precisely, two frequencies exist: 


■■FFF* 


The lower frequency is between/^ and where/^ and f are the 

"symmetric frequency" and "antisymmetric frequency" as described in the 
following text. 



fig. 2. Equivalent electrical circuit of a crystal. 
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monolithic crystal filters 

We now consider the MCF in its role as a practical 
addition to electronic circuits. Examples are given to 
show how the dual can be used in noise blankers, 
noise filters, and fm discriminators. We then examine 
the MCF in another practical application in which 
more than two poles can be synthesized by connect¬ 
ing several duals in series. First, some background on 
two-pole filters. 

Two-pole filter characteristics. As shown by the 
theory of network synthesis and by the theorem of 
Bartlett, 8 the equivalent electrical circuit of a dual 
(fig. 3) can be transformed into an equivalent half¬ 
lattice bridge with a differential transformer, which 
has the same response of amplitude and phase ver¬ 
sus frequency . 9 


i-1 



fig. 3. Configuration and equivalent electrical circuit of a 
dual resonator. 


When a dual is terminated at its input and output 
with an impedance value, Z in = Z 0Utf the elementary 
form of a two-pole crystal filter results. The identical 
selectivity curve is shown as the equivalent half-lat¬ 
tice, two-pole filter with single crystals terminated 
with the same impedances (fig. 5). 

Comparing the number of components in both fil¬ 
ters shows clearly that a monolithic filter is much 
easier to construct: there is no need for a differential 
transformer and, instead of two crystals, only one 
crystal component is required. 

The bandpass response of such a filter depends on 
the magnitude of the termination resistors. The char¬ 
acteristic impedance is 

R 0 = 2wLjA f [1) 

where Lj is the motional inductance of one resonator 
(see fig. 3), and A/is one-half the filter bandwidth. 
Typical duals have characteristic impedances of sev¬ 
eral kilohms at, for example, 10.7 MHz. 


*Tbe classical wave-parameter theory yields the following example: 

For jf- =0.8, the passband ripple is about 0.1 dB, while the bandwidth at 

0 D 

attenuation is at the three fold bandwidth a - 3 dB. With 5 - = 0 5, the rip- 

K o 

pie increases to 0.22 dB, while the - 20-dB bandwidth is only 2.8 times the 
-3-dB bandwidth. 


? 

jtl ir 

fig. 4. Pin configurations 
for measuring symmetric 

(A) and antisymmetric 

(B) frequencies. Q © 



Reasonable bandpass filter responses (with curves 
having a near-rectangular passband characteristic) 
can be achieved with terminating impedances of 
R = Z in = Z 0Ut smaller than Rq. The smaller the R 
value, the higher the passband ripple, but the skirts 
of the filter characteristic will be steeper.* 

By proper selection of the termination impedances 
and characteristic frequencies of the dual, every filter 
response known from the filter theory of effective 
parameters ( i.e Chebyshev, Gaussian, Bessel, 
Legendre) 9 can be synthesized. 

The skirts of this filter can be made steeper by 
introducing a coupling capacitor, Ca between both 
resonators. This capacitance produces an attenua¬ 
tion peak at both sides of the passband. But at the 
same time the stopband attenuation decreases, as 
shown in fig. 6, for several values of Ca (as multiples 
ofC 0 ).'° 

To fulfill the total selectivity demands of a special 
device (e.g,, a receiver), such a two-pole filter will 
surely not be sufficient. Despite this disadvantage, 
there are some interesting application examples for 
this simple filter component. 

Dual as an i-f preselector in noise blankers. 
Noise blankers are designed to blank out short-dura¬ 
tion noise pulses with high amplitude, especially in 
shortwave or mobile receivers. The best point at 
which to insert a noise blanker in a receiver is ahead 
of the i-f stages before the crystal filter, which pro¬ 
vides the main selectivity. This is because narrow- 
bandwidth filters produce ringing, which distorts the 
signal. 11 

The block diagram of a typical noise blanker is 
shown in fig. 7. It includes two alternatives to obtain 
the noise information. Version A derives it from the 
i-f signal; version B obtains it from a separate noise 
receiver tuned to a '"silent" frequency. 12 

Following the mixer a broadband i-f filter must be 



fig. S. Two-pole crystal filter with differential transformer 
and equivalent monolithic crystal filter. 
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inserted, one narrow enough to cut off strong out-of- 
band signals but broad enough to avoid ringing. A 
monolithic dual is a unique device for this i-f prese¬ 
lector, as it can be inserted directly with pure ohmic 
termination and without any alignment effort — if 
the dual spurious responses are negligible. 

For the well-known 9-MHz crystal filter line, KVG 
offers its dual type XF-912 for a bandwidth of ±7.5 
kHz (at -3 dB). It is housed in a 3-pin HC-18 case 
and needs terminating resistances of 4.0 kilohms for 
a Chebyshev response. Different types with other 
bandwidths are available on request. 

Dual as a noise filter. Normally, the main selectivity 
of commercial receiver i-f strips is produced by a 
high-performance ( e.g eight-pole-type crystal) filter 
ahead of the i-f amplifier stages. But usually the fol¬ 
lowing broadband high-gain amplifier stages gener¬ 
ate broadband noise, which reaches the second 
detector in full magnitude. This noise, which can be 
very inconvenient, especially at extremely narrow 
bandwidths (as with the CW-filter type XF-9 NB from 
KVG), can be reduced drastically by a simple filter 
directly ahead of the demodulator stage. This is one 
more typical application for a monolithic dual, which 
can be easily inserted without any adjustments. For 
example, the type XF-912 can be used again. Similar 
duals exist also for other i-fs such as 10.7 MHz or 
21.4 MHz. 

Dual as an fm discriminator. 1C quadrature detec¬ 
tors are frequently used to demodulate fm signals. 
The principle on which these demodulators work is 
as follows. 

The frequency-modulated i-f signal is applied to 
one port of an AND gate; the other port is connected 
to a phase-delayed portion of the same signal. The 



fig. 6. Frequency response of a duaf with attenuation poles 
achieved by an additional capacitor. C A . 


phase delay depends on the frequency. The gate out¬ 
put yields the demodulated audio-frequency signal if 
followed by an integrating RC lowpass filter. 

The phase-delay circuit is a parallel-resonant cir¬ 
cuit, which is coupled through a choke or a small 
capacitor, as shown in fig. 8A. This circuit provides 
a phase delay that increases or decreases linearly 
with frequency changes in the vicinity of the reso¬ 
nant frequency.^ Higher slopes of the phase vs fre¬ 
quency curves, and thereby higher recovered audio, 
can be realized by using a bandpass filter with a 
coupling coefficient of about Q*k=0.7, This is 
shown in fig. 8B. 14 

The bandpass-filter can be substituted with a con¬ 
ventional dual resonator, which is designed as a 
Bessel-function filter with linear phase characteris¬ 
tics. The result is excellent demodulator linearity as 


I-1 
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fig. 7. Block diagram for a typical noise blanker. Version A: noise information derived from i-f. Version B: noise information 
derived from separate noise receiver. 
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fig. 8. Schematics of f-m quadrature detectors — (A) with 
single resonant circuit; (B) with bandpass filter. 


well as high audio yield. The demodulator response is 
the typical S-shaped characteristic. The two peaks 
are approximately at the symmetric and the antisym¬ 
metric frequencies. 

Fig. 9 shows a circuit working on this principle. It 
consists of the RCA integrated circuit CA3089E. 
Both terminating resistors, R1 and R2, are chosen 
for best phase linearity {i.e ., constant group delay) in 
the passband between the two peaks. Their values 
depend on the motional parameters, LjC lt and the 
mode spacing of the dual. 

This principle can be generalized for other quadra¬ 
ture detector ICs such as ULN2113A (Sprague), 
TAA661 (Signetics), orTBA120S (Siemens). 

multipole filters with n >2 

Monolithic crystal filters with more than two poles 
can be synthesized by connecting several dual reso¬ 
nators in series whereby they are coupled to each 
other by capacitors to ground (/. e ., the common 
electrode). As an example, fig. 10 shows the internal 



fig, 9. F-m demodulator with dual as discriminator. 


circuit of the KVG monolithic filter XFM-107B (band¬ 
width ±7.5 kHz at 10.7 MHz). Input and output are 
terminated with tuned circuits, which transform the 
filter impedance to a standard value of 910 ohms 
(with C ext = 25pF in parallel). 

As with single duals, such composite filter struc¬ 
tures can be terminated directly with a pure ohmic 
resistance given by the filter synthesis. In this case 
both tuned circuits can be omitted. 

Furthermore, with increasing bandwidth up to 
about 1 per cent {i.e., 1 part in 100) of the center fre¬ 
quency, the coupling capacitors become so small 
that they are realized by the static input and output 
capacitances of the coupled duals plus stray capaci¬ 
tances alone. Then the simplest structure of a mono¬ 
lithic crystal filter can be achieved. It consists only of 



fig. 10. Internal circuit of KVG-Monolithic filter XFM-107B. 


a chain of directly coupled duals, as you can see in 
fig. 11 for the KVG monolithic filter XFM-107S03 
(10.7 MHz bandwidth ± 10.6 kHz). 

Comparing this circuit with that of a discrete crys¬ 
tal filter as in fig. 1, the simplification is evident. Fur¬ 
ther, the half-lattice filters with more than five crys¬ 
tals usually need a third tuned circuit (see Ls, C$ in 
fig. 1), which gives additional insertion losses that 
can't be compensated for by the termination. This 
isn't necessary with monolithic filters because they 
present much smaller amounts of insertion loss than 
conventional crystal filters. 

The electrical properties of monolithic crystal fil¬ 
ters are equivalent to those of crystal filters with dis¬ 
crete components. That's why you can realize all 
known filter responses in monolithic structures, but 
with an upper limit for the bandwidth. Generally, fil¬ 
ters with monolithic crystals vibrating in the nth over¬ 
tone mode can be obtained with relative bandwidths 

smaller by the factor . 

n 2 

The theoretical filter curves for ideal (lossless) fil¬ 
ters — that means, the responses of attenuation and 
phase vs. frequency — are cataloged in normalized 
representation in the literature on the subject. 9 * 16 

summary 

Monolithic crystal filters (MCFs) stand for the sim- 
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fig. 11. Internal circuit of KVG-Monolithic filter XFM- 
107S03. 


plification of the structure of multipole crystal filters. 
Instead of discrete crystals, MCFs contain multiple 
crystal systems on a common quartz blank, which 
are mechanically coupled between each other by the 
quartz blank. 

The typical application is in the frequency range of 
AT-cut crystals, most in the fundamental mode, but 
with increasing importance also as third or higher 
overtone monoliths. However, bandwidth is some¬ 
what reduced in overtone applications. 

The most usual forms of MCFs are dual resonators 
and series configurations of duals-to~high-pole fil¬ 
ters. Beyond this, there are new interesting applica¬ 
tions for duals as i-f preselectors, simple noise filters, 
or f-m demodulators. 
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rotary beam antenna 


antenna had two folded elements, each about 13.5 
meters (44 feet) long, on a 4.9 meter (16 feet) boom. 

tower design considerations 

I mounted the two-element short beam, and later 
the full-sized antenna, on a 22-meter (72-feet) Rohn 
model 45 foldover tower. Legs on this tower are 
about 46 cm (18 inches) apart. I decided to mount 
the hinge between the fourth and fifth sections 
above the ground, giving three sections above the 
hinge. When the tower was folded over, this would 
allow the antenna to hang about 4 meters (13.3 feet) 
above the ground. In addition, it appeared that there 
would be enough clearance to allow the ends of the 
elements to pass the ground in such an operation. 
And, the portion above the hinge, would only be 
about 9 meters (30 feet) long, reducing the strain on 
the hoisting mechanism. Guy wires, two sets of four, 
were attached to anchors about 15 meters (50 feet) 
out from the base, and about 21 meters (70 feet) 
apart in a square configuration. See fig. 1. These di¬ 
mensions were chosen to allow the use of a 12-meter 
(40-foot) boom at the top and still get it to pass 
through two of the lower guy wires. 

construction 

There are many parts to a beam antenna installa¬ 
tion such as mine. I've provided photos showing 

By Gene Hubbell, W7DI, 6633 East Palo Verde 
Lane, Scottsdale, Arizona 85253 


for 40 meters 

Recipe for a 
really big signal 
on 7 MHz: 
a 3-element 
Yagi beam on 
a foldover tower 

A full-sized, three-element 40-meter rotary beam 
has been a dream of mine for many years. They are 
scarce in the Midwest, where I operated as W9ERU 
for many years. I personally, at one time, got as close 
as the Hy-Gain DB24, a shortened two elements on 
40, and three elements on 20. When I moved to the 
Phoenix area, I initially tried a conical monopole. 
However, not being satisfied with the results, I finally 
put up the 40 meter only version of the DB24, This 
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fig. 1. Overall dimensions of the 40-meter, three-element beam. Antenna is mounted on a Rohn model 45 foldover tower 22 
meters (72 feet) high. Two sets of guys are used and two winches assure safe operation. 


essential hardware and some views showing the 
antenna during and after installation. 

Tower and rotator hardware. The tower lowering 
and raising mechanism is extremely important. A 
runaway when raising or lowering the antenna would 
result in a disaster. So I used two winches and 
cables. One, supplied by Rohn, was hand operated 
and located at the tower base. Its cable is passed 
through a pulley part way up the tower and to the 


This article is sprinkled with many metric conversions, which tend 
to disrupt continuity and ease of reading. But there’s a good 
reason: we must face the fact that the outmoded and cumbersome 
English system of measurements is rapidly becoming extinct in the 
technical literature. So to help in the transition, author Hubbell's ar¬ 
ticle has been edited to show first the metric dimensions, followed 
by English equivalents in parentheses. We apologize for this slight 
inconvenience. Sometime in the not-too-distant future we'll discard 
all references in our articles to the English system of measurements. 
We've graduated from tubes to solid-state devices without too 
much trouble. Let's progress further with the metric system, a total¬ 
ly logical and convenient method of defining measurements. 

Editor. 


tailpiece or tower boom, which went up as the top 
end of the tower came down. A second cable from a 
motor-driven winch at the tower base went out to a 
pulley some 18 meters (60 feet) from the base and up 
to the same tailpiece. Thus, pull could be exerted 
from two directions (see fig. 1). 

The prop-pitch rotator and selsyn indicator chain- 
drive system were conventional. I welded a bell hous¬ 
ing to the prop-pitch motor top gear and connected 
the housing to a piece of 41-mm (1.61 -inch) pipe*, 
which passes through the top of the tower and is 
held to the boom saddle on top. This pipe is actually 
in two pieces, joined by a larger diameter sleeve and 
bolted through the drive pipe and the sleeve. It is not 
a one-piece shaft. A bicycle chain-and-sprocket 
system drives a 115-volt ac selsyn, which was offset 
from the main rotator pipe drive. It also drives 
another similar selsyn in the tower base. A limit- 
switch system allows the rotating pipe to turn about 
450 degrees. 

*The pipe used was called "Inch and a half" water pipe. In actuality, the 
pipe has a standard inside diameter of 4 cm (1.61 inches) and an outside di¬ 
ameter of 4.8 cm (1.9 inches). 
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Boom construction. The boom was made of two 6- 
meter (20-foot) lengths of 102-mm (4-inch) diameter 
irrigation tubing. To couple these tubes required a 
sleeve. I found only 0.4 mm (26 gauge) galvanized 
iron readily available, so two pieces 0.6 meter (2 feet) 
long and about 0.3 meter (12.5 inches) wide were 
rolled into tubes, one inside the other, and filed down 
until this double-walled sleeve just fit inside the 102- 
mm (4-inch) tubing, 0.3 meter (12 inches) each way. 
All three pieces were drilled for several rows of blind 
rivets, which made a strong joint. Now I had a boom 
12 meters (40 feet) long (see fig. 1). 

At the junction of the two boom halves, a hole 
about33.5mm (1-5/16inches) in diameter was drilled 
through the boom to pass a piece of "one inch" pipe. 



fig. 2. Details of boom-to-elament clamps. The clamps are 
known as "muffler clamps" and ware obtained from an 
automotive supply store. 

This pipe is used as the vertical support for a truss 
system to take up the vertical strain on the boom. 

Boom mounting. I made a U-shaped saddle of 6- 
mm (0.25-inch) thick steel with two sides 76 by 508 
mm (3 by 20 inches) and a bottom 102 by 356 mm (4 
by 14 inches). A 41-mm (1.61-inch) pin, 152 mm (6 
inches) long, was centered in this piece (see photo). 
All items were welded together and holes were drilled 
through the sides of this saddle 25,5 mm (1 inch) 
from each end and 51* mm (2 inches) above the inside 
bottom piece. This allowed for 12.5-mm (0.5-inch) 
bolts to be passed through the saddle and boom. The 
bolts were 45.7 cm (18 inches) apart. Enough 
clearance was made to allow the boom to be tilted on 
a single bolt if desired, 

A 16-mm (0.625-inch) hole was drilled axially into 
the 41-mm (1.61-inch) pin. The hole was 76 mm (3 
inches) deep. This hole was for another pin large 



The boom clamps. The two-piece steel clamps, left, were 
used in the final version. 


enough to fit inside a 27-mm (1.049-inch) diameter 
aluminum pipe turned down to 16 mm (0.625 inch), 
for 76 mm (3 inches) projecting from the pipe, which 
was about 2.5 meters (8 feet) overall. When saddle, 
boom, and this guying pipe were assembled, a guy¬ 
ing system took the strain 3 meters (10 feet) out from 
the center of the boom on each side, up to the top of 
the 2.5-meter (8-foot) vertical guy support. Turn- 
buckles allowed adjustment. 

Boom-to-element mounts. A horizontal aluminum 
angle holds the center of the element. This angle is 
81 cm (32 inches) long, made of 51 by 76 by 4.8 mm 
(2 by 3 by 0.187 inch) material. Two bolts near the 
center hold the element to the 51-mm (2-inch) face, 
and two muffler clamps near the outer ends of the 
angle hold the element to the 76-mm (3-inch) face 
(fig. 2). These muffler clamps were marked "1-7/8 
inch" but fit 51-mm (2-inch) tubing perfectly. They 
were bought at an automotive parts supply store. 

These angles are mounted crosswise with respect 
to the boom. They are bolted to two 30-cm (12-inch) 
lengths of 38 by 38 by 4.8 mm (1.5 by 1.5 by 0.188 
inch) aluminum angle, positioned 41 mm (1.63 
inches) apart (see photo). These 30-cm (12-inch) 
lengths were in turn bolted to two clamps, which 
passed around the boom. Two bolts hold the 38-mm 
(1.5-inch) angles to the clamps. All three angles are 
secured by a triangular gusset made of aluminum 3- 
mm (0.125-inch) thick, 45 by 45 by 63 cm (18 by 18 
by 25 inches) with its corners cut off about 25 mm (1 
inch) from the ends on the long dimension. 


Hardware including boom saddle, boom guy, sleeves, 
clamps, and other items described in the text. 



36 SB november 1978 






The boom-to-element clamps changed over the 
years. In Bill Orr's Beam Antenna Handbook (1955 
edition), clamps were shown made of cast aluminum 
intended to hold irrigation tubing together. When 
some of these broke I replaced them with clamps 
made from 25.5 by 6.5 mm (1 by 0.25 inch) aluminum 
bar bought at a hardware store. When these broke I 
had others made at a blacksmith shop from 25.5 x 3 
mm (1 by 0.125 inch) steel. All had a flaw. The 
degree of tightening needed on the clamp made a 
difference in the spacing of the aluminum angles 
mentioned above. The two-piece clamp shown at the 
left-hand end of the four in the photo solved the 
problem by allowing the adjustments to be made 
independently of each other. 


All parts for the driven element (seven pieces of tubing). 
Light-colored bands are tape for positioning the sleeves. 




Element center showing reinforcing tubing. 


Antenna elements. Now I could mount elements to 
the boom, but I needed the elements. On the first try 
I used, two 9-meter (30-foot) lengths of 51-mm (2- 
inch) irrigation tubing joined at the center by a 152- 
mm (6-inch) sleeve of aluminum pipe turned to fit in¬ 
side the irrigation tubing. Short extensions on the 
ends brought the element lengths to the design fig¬ 
ures of 19.8 meters, 20.3 meters, and 21.3 meters 
(64.8, 66.6, and 69.7 feet) for the director, driven ele¬ 
ment, and reflector respectively. I arrived at these 
numbers for the design frequency by the formula: 

HO.2/7 / meters or 460/7. t feel (director length) 

777 . 2 / 7 . 1 meters 473/7.1 feet (driven element length) 

1,50,9/7.1 meters 493/7.1 feet (reflector length) 

Results were unsatisfactory. Besides being 
plagued by an intermittent short circuit, which I 
eventually found in my gamma match, a windstorm 
soon bent the soft irrigation tubing. Back to the 
drawing board. 

Through a local office of a tubing-supply firm, I 
bought six lengths of 6061T6 duraluminum 3.7 
meters (12 feet) long, 51 mm (2 inch) diameter, with 
1.2 mm (0.049 inch) wall. I also got six lengths of 3.7 
meters by 41.3 mm by 1.2 mm (12 feet by 1.63 inches 
by 0.049 inch) tubing, and, from my stock of used 
tubing, six 3.7-meter (12-foot) lengths of 32-mm 
(1.25-inch) material with 1.7-mm (0.065-inch) wall — 
thicker than needed, but I had it on hand. 

By overlapping the tubing about 30 cm (1 foot) at 
the joints between the 51-mm, 41.3-mm, and 32-mm 
(2, 1.63, and 1.25-inch) tubes, I had 10.4-meter (34- 
foot) lengths, and two of these gave me elements 21 
meters (68 feet) long. The butt joint in the center 
(two 51-mm, or 2-inch, tubes) and the overlapping 
joints of different size tubing were all joined by 
sleeves turned from short lengths of aluminum pipe 
nominally 48 mm (1.9 inches) OD and from aluminum 
pipe couplings that fit inside the 41.3-mm (1.63-inch) 
tubing over the 32-mm (1.25-inch) tubing. 

Additional sleeves were inserted inside the 51-mm 
(2-inch) tubes for support where the muffler clamps 
were placed. AH overlapping joints and sleeves were 
held in place by steel 10-32 (M5) bolts held with lock- 
washers and nuts. 

I did some more reading on element lengths for 
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Closeup of the homebrew slow-speed winch. 


close-spaced, three-element yagis, and changed ele¬ 
ment lengths according to: 

I IS 7 / 7 . 0S0 meters or 455/7.080feet (director) 

144.8/7.080 meters 475/7.080 feet (driven-element) 

1 52 . 4/7.080 meters 5 00/7.080feet (reflector) 

This gave me new element lengths of 19.6, 20.5, and 
21.5 meters (64.3, 67.1, and 70.6 feet). 

I had written Bill Orr, W6SAI, for advice on the ele¬ 
ment lengths and he suggested that tapered ele¬ 
ments might give a higher resonant frequency than 
the design figures indicated. The change was slight: 
from 7080 kHz to about 7120 kHz. 

Matching section. Bill also strongly recommended 
that I use a small-diameter gamma rod, "as large 
diameter gamma rods detune the driven element." 
So I used triple-stranded 2-mm (12-AWG) copper- 
weld guywire. The gamma rod terminated in a 127- 
by 152- by 229-mm (5- by 6- by 9-inch) aluminum box 
mounted on the gusset plate of the driven element- 
to-boom mounting. Ipside was an air-variable capaci¬ 
tor for the gamma match, about 35 to 200 pF, driven 
by a reversible motor with a 4-rpm gearing. An added 
fixed capacitance of 50, 100, or 150 pF could also be 
switched in parallel with the variable capacitor. 

The other end of the gamma rod was grounded to 
the driven element by an aluminum arm clamped to 
the gamma rod and the driven element. To get a 
good contact to the three strands of 2-mm (12-AWG) 
wire, the strands were soldered together, and a 19- 


mm (0.75-inch) OD aluminum cylinder, with a hole to 
fit snugly over the three strands, was placed over the 
soldered area and fastened with three set screws. 

The aluminum grounding arm from gamma rod to 
driven element was hinged in the middle to allow for 
motion of the driven element, and a piece of heavy 
shield braid paralleled this joint. The ends were 
formed to fit around the aluminum cylinder and the 
driven element. Mating clamps held this assembly. 
The remaining outer end of the gamma rod wires was 
fastened to a long, coiled spring. The other end of 
this spring was clamped to the driven element with a 
stainless-steel hose clamp. The length of the gamma 
rod is about 188 cm (70 inches). 

The gamma-capacitor box was arranged so that all 
items were supported on the cover, which could be 
removed by removing six thumb nuts. The gamma 
rod and ground connections were made by mating 
banana plugs and jacks. 

adjustment and testing 

These procedures were performed with the beam 
in the down position, hanging about 4 meters (13 
feet) from the ground. The motor-driven capacitor 
gamma match was operated from the ground at the 
tower base. The only adjustment made from a ladder 
was the length of the gamma rod, and the added tap- 
switched capacitors were reached from the tower 


Tower base showing tha two winches and metal box 
housing the selsyn and prop-pitch motor supply. 
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Element-to-boom mounts; gamma rod and clamp; and 
insulating bar, which clamps to driven element and reduces 
gamma-rod vibration. 


Element-to-boom mounts. Center assembly is for driven 
element with gamma box. 





















Selsyn repeater system, left, and dc supply for the 
prop-pitch motor. 


itself. A small vfo-controlled transmitter on the 
ground, with an swr bridge, provided the readings 
for adjustment. Unfortunately, the test readings in 
the down position didn't hold precisely for the beam 
up position. And the readings made with a 10-watt 
scale on the Bendix Micro-Match didn't directly com¬ 
pare with those taken with the output of a linear. 
Also, 60 plus meters (200 feet) of coaxial cable gave 
better readings in the shack than were obtained at 
the tower. 

However, my 4-1000A linear^ was quite tolerant, 
as was my Johnson "desk kilowatt." So I managed 
quite well with an swr of 1.3 at 7000 kHz, 1.0 at 7050 
kHz, and 1.25 at 7100 kHz, all with the same gamma 
capacitor setting. I also had 1.5 at 7150 kHz, 2.0 at 
7200 kHz, 2.25 at 7250 kHz, and 1.9 at 7300 kHz, 
each with the gamma capacitor retuned for lowest 
swr. Many commercially built transmitters wouldn't 
stand up with the higher swr readings, though a sim¬ 
ple matching system would take care of the problem. 

precautions 

Many details haven't been covered so far; one is 
important. The weak point in the element-to-boom 
support was where the muffler clamps hold the ele¬ 
ments. When the elements failed at this point in a 
1974 wind storm, I decided that added strength was 
needed here and the stress should be distributed over 
a considerable section of the center portion of each 
element. Heavier wall in the 51-mm (2-inch) tubing or 
the addition of an internal tube to strengthen the 
center would do it. I used the latter method and put 
3.7-meter (12-foot) lengths of 41-mm (1.63-inch) 
diameter tubing with 1.5-mm (0.058-inch) wall inside 
the elements, overlapping the 51-mm (2-inch) tubing 
1.8 meters (6 feet) on each side. I used sleeves 
between the reinforcing tube and the inside of the 
element tube at the center, with the muffler clamps 


at the outer ends. They were all held in place by 
masking tape. 

Internal support must be provided for the boom 
where the clamps are applied, as the tube wall is only 
1.3 mm (0.05 inch) thick. Disks of 51-mm (2-inch) 
wood were turned to fit tightly inside the boom and 
driven into place where the clamp bands are installed. 
Friction at these points was all that kept the elements 
level and in place — except that the elements do 
hang under the boom rather than being placed on 
top, a difference of about 152 mm (6 inches). 

Vibration dampers made of 13-mm (0.5-inch) rope 
were installed inside the elements, just a bit short of 
the full length, and fastened at the center with a bit 
of wire, making a loop where bolts would pass 
through during assembly to keep the rope from fall¬ 
ing out when the beam was raised. 

I built this antenna by myself and assembled it to 
the tower, which I also assembled. All the help I had 
was from W7EH, who helped me pour the guy wire 
anchors, and from the crane and operator who set 
the tower upright. I raise and lower the beam alone, 
not because I couldn't use help, but I like to go slow¬ 
ly and check and recheck for safety. 


Tower inverted showing rotator, driven element and mount, 
and the gamma matching system. 
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the Micoder: 


some improvements 


Modifications to the 
Micoder tone encoder, 
eliminating the 
9-volt battery 
and adding a 
crystal-controlled encoder 


Amateur Radio magazines have published arti¬ 
cles on improving the early production models of the 
Heath Micoder. 1 The faults found were in the tone 
outputs. Imbalance between high and low tones and 
poor frequency stability were prime complaints. My 
Micoder seemed to work well in these respects, but 
the Touch-Tone * feature is not used that much and 
almost never at temperature extremes. My main 
complaint is that the 9-volt battery poops out about 
twice a year and disables the microphone as well as 
the tone encoder. 

The solution is to power the device from the 12- 
volt supply in the rig. The Micoder cable contains an 
extra wire that's used as a ground in parallel with the 
shield. With the encoder components available to- 


* Touch-Tone is a trademark of American Telephone and Telegraph. 


day, this modification makes the improvement sim¬ 
ple and inexpensive. 

circuit description 

The circuit is shown in fig. 1. Note that the micro¬ 
phone- and tone-circuit voltages are obtained from 
separate 9-volt and 5-volt zeners. The filtering pro¬ 
vided in the rig (an HW-2036 in my case) and the 9- 
volt zener provide adequate rejection of hum (from 
the ac supply) and hash (from the mobile supply). 



1C PIN ARRANGEMENT 


I fig. 1. Modifications for improving the Heath Micoder. 
Circuit eliminates the 9-volt battery and adds a crystal- 
controlled encoder. Parts are available from Data Signal. 
Inc., and Radio Shack. 

By George A. Wilson, WIOLP, 318 Fisher 
Street, Walpole, Massachusetts 02081 
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construction 

The original circuit board was stripped of parts and 
reused to mount the keyboard and the output-level 
control. Make sure no solder bridges occur and that 
solder splashes don't cause shorts between circuits. 
This makes it possible to use the PC-board paths out¬ 
board of the keyboard pin receptacles as connection 
points for the wires to the encoder circuit. The bat¬ 
tery and its connector and cable are removed and 
discarded. 

Lift the black wire in the cable at each end. Solder 
a small tie point to the switch on the end opposite the 
existing tie points. The black wire (+ 12 volts) goes 
to the switch lug where the + 9 volts from the battery 
was connected. The encoder circuit and 9-volt zener 
circuit are fed from the switch lug that previously ac¬ 
cepted the red lead from the original circuit board. 

The encoder is easily built using a PC board such 
as that sold by Data Signal, Inc.* They can also sup¬ 
ply the chip and the crystal. A minor board modifica¬ 
tion is required to accommodate an extra connection 
for the output level control — a simple no. 60 (1 mm) 
hole drilled in a blank spot does the trick. When 
wrapped with plastic foam, the completed encoder 

'Data Signal, Inc., 2403 Commerce Lane, Albany, Georgia 31707. 


circuit occupies the space that was previously occu¬ 
pied by the battery. 

The level-adjustment pot can be a miniature 6.4- 
mm (0.25-inch) shaft-type with a screwdriver slot. If 
this type is available, mount it where the LED was 
previously. Its shaft will protrude into the hole in the 
outer case previously occupied by the LED. A PC- 
type control can be cemented to the circuit board if 
the miniature unit previously described isn't 
available. 

Connect the HW-2036-end of the black wire in the 
cable to the + 12-volt leads of the LEDs on the front 
panel. Lengthen the lead by about 25 mm (1 inch). 
The joint should be insulated with a short piece of 
sleeving. 

This mod costs less than $20, requires no new cir¬ 
cuit board, and solves both the battery and encoder 
problems. 

reference 

1. Failenbeck, "Micoder," QST, April 1978, 

bibliography 

1. DeLaune, "Digital Touch-Tone Encoder," ham radio, April 1975. 

2. Lowenstein, "Hand-Held Touch-Tone," ham radio, September 1975. 
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vhf/uhf preamplifier burnout 

Soon after arriving in New England, I started to ex¬ 
perience random burnout of my vhf/uhf preamps, 
both bipolar transistors and fets. Initially I blamed the 
burnout on electrical storms, but the problem in¬ 
creased drastically in the winter, a time when electri¬ 
cal storms are usually at a minimum. Occasionally I 
even lost second-stage preamps and multipliers in 
my local oscillator chain. 

How could this be? All normal methods of burnout 
protection failed to reduce the failure rate. The plot 
thickened when I left one of the preamps terminated 
in a 50-ohm load and it still blew out! 

Then I connected a high-impedance, battery-oper¬ 
ated digital VTVM to the B + supply to the preamps. 
Everything looked fine until I keyed my kilowatt linear 
on 80-meter CW (where I spend most of my operat- 


fig. 1. Circuit for preventing burnout of sensitive vhf/uhf 
preamplifiers in strong rf fields. Cl is a 0.1 mylar or ce¬ 
ramic disc capacitor installed between the feedthrough ca¬ 
pacitor FT1 and the idiot diode CR1. 


ing time during the winter) while using my east/west 
dipole; the dc voltage on the preamp went wild. 
When the west sloper was connected to the linear, 
the problem disappeared. 

It developed that the problem was twofold: rf pick¬ 
up on the power-supply lines to the preamps, and 
rectification in the reverse-voltage protection diode 
(also known as the idiot diode). Eliminating the idiot 
diode or shortening the power-supply leads are not 
good solutions; placing a 0.01 ~iiF mylar or ceramic 
disc capacitor just ahead of the idiot diode as shown 
in fig. 1, however, prevents rf from reaching the 
diode and, hence, from being rectified. 

No burnouts have been experienced with zener 
diode biasing as described in ham radio * In the zener 
bias circuit the zener diode clamps and prevents the 
transistor voltages from soaring. 

The circuit in fig. 1 won't solve all your preamplifi¬ 
er burnout problems, but it should give longer life to 
those expensive low-noise semiconductors where 
large rf fields and high-frequency operation are 

prevalent. Joe Reisert, W1JR 

*J. Reisert, W1JAA, "Ultra Low-Noise UHF Preamplifier," ham radio. 
March 1975, page 8. 


I PREAMP 
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multiple 

quarter-wave 

matching transformers 


There are many ways of matching the impedance 
of an antenna to the output Impedance of a transmit¬ 
ter. These methods often have limited bandwidths 
over which they provide a match. For example, the 
popular quarter-wave transformer shown in fig. 1 
has a bandwidth of approximately ± 10 per cent for a 
vswr of less than 1.5:1. Fortunately, the bandwidth 
of this method can be easily increased by cascading 
several transformers (see fig. 2). 

To speed up the design of multiple quarter-wave 
matching transformers, 1 several nomographs have 
been developed. To make these nomographs more 
useful to amateurs, only the characteristic impe¬ 
dance of standard coaxial transmission lines is 
shown. Fig. 3 shows a nomograph for a one-section, 
or standard quarter-wave transformer. The impe¬ 
dance values shown are values of characteristic im¬ 
pedance for coaxial type transmission lines. Fig. 4 
shows the design nomograph for a two-section 
transformer and fig. 5 shows the nomograph for a 
three-section transformer. To decide whether to use 
the one-, two-, or three-section transformer, another 
nomograph is provided in fig. 6. 

The nomographs will give the impedances of the 
individual transformer sections. The lengths of the 
sections can be found by the following formula: 

L(meters)—j~j x vfor L(feet)= Jj^ x v f H) 

where L = length of the section 
/ = center frequency 
vf = velocity factor 

The velocity of propagation can be obtained from 
table 1. 

design examples 

The use of these nomographs can best be ex¬ 
plained by the use of several examples. 

Example 1. Assume you are trying to match an 
antenna impedance of 100 ohms to a 50-ohm trans¬ 
mitter. One solution to this problem is to use a one- 
section transformer. Use a straight edge to connect 


100 ohms on the R L line and 50 ohms on the R 0 line. 
Read the characteristic impedance of the transformer 
as slightly under 72 ohms. A 73- or 75-ohm coax from 
table 1 may be useu with little difference. 

Example 2. You want to match a 250-ohm antenna 
to your 50-ohm transmitter, with the vswr not to ex¬ 
ceed 1.5:1. The antenna is a log periodic that covers 
the 80- and 40-meter bands. 

The first step is to compute the bandwidth of the 
antenna. Assume the frequency range of the anten¬ 
na is 3.5 to 7.5 MHz. The bandwidth is 72.7 per cent 

( .—y ~ /^ * 100^, or about ±36 per cent. Since 

this exceeds the bandwidth of a one-section trans¬ 
former, fig. 6 is used to determine the correct num¬ 
ber of sections. 


TRANSMITTER 
WITH OUTPUT 
IMPEDANCE 
*0 



fig. 1. Schematic diagram of a standard one-section trans¬ 
former. When terminated in a resistance R L . the impedance 
seen at the transmitter end will be Z z T /R L . By varying the im¬ 
pedance of the quarter-wave transformer, the load pre¬ 
sented to the transmitter can be made to more closely 
match the transmitter's output impedance. 


Lay a straight edge on fig. 6 so that it lines up with 
1.5 on the S scale on the left and with 5 on the 
Rl/Ro scale on the right. Draw a line between these 
two points and indicate where this line crosses the 
unmarked vertical line between the S and N scales. 
Now, move the straight edge so that it lines up with 
the dot on the unmarked line and the BW scale. 
Draw a line between these two points. 


By Samuel Guccione, K3BY, 110 Chalet 
Court, Camden, Delaware 19934 
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fig. 2. A multiple quarter-wave matching transformer can 
be used to match two impedances with a large difference in 
value, or to lower the vswr over the frequency range on 
which the transformer is to be used. 


Now, note where this second line crosses the N 
scale. It should cross at 2, meaning that a two-sec¬ 
tion transformer will just satisfy the initial require¬ 
ments. If desired, a three-section transformer could 
be used to achieve a lower vswr. Using fig. 4, for the 
two-section transformers, the impedances needed 
are 74 ohms and 170 ohms. The closest standard 
values that will work are 73- and 185-ohm cables. 
Using these values will give a small error, which will 
increase the vswr above 1.5:1. A three-section trans¬ 
former (see fig. 5) may be more appropriate for 
lower vswr. 

In this example, I've assumed that the antenna 
presented a constant impedance with frequency, and 
that the antenna could accept an unbalanced feed 
without disturbing its radiation-pattern character¬ 
istics. 


table 1. Characteristic impedances of coaxial cable iden¬ 
tified by RG type. 


nominal characteristic 


velocity 

impedance in ohms 

RG type 

factor 

50 

RG-9B 

0.659 


RG-58A, 58C 

0.659 


RG-142, 142A, 142B 

0.695 


RG-174 

0.659 


RG-178B 

0.695 


RG-196A 

0.695 


RG-213 

0.659 

51 

RG-9, 9A 

0.659 

52 

RG-8, 8A 

0.659 


RG-14A 

0.659 


RG-17, 17A 

0.659 


RG-18A 

0.659 

53.5 

RG-55B 

0.659 


RG-58 

0.659 

58 

RG-54A 

0.659 

73 

RG-59 

0.659 

75 

RG-11, 11A 

0.659 


RG-59B 

0.659 


RG-140 

0.695 


RG-179B 

0.695 


RG-187A 

0.695 


RG-216 

0.659 

83 

RG-212 

0.659 

93 

RG-62, 62A, 62B 

0.84 


RG-71A, 71B 

0.84 

95 

RG-180B 

0.695 


RG-195A 

0.695 

125 

RG-63, 63B 

0.84 


RG-79B 

0.84 

185 

RG-114, 114A 

0.88 
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fig. 3. Design nomograph for a one-section transformer. The dashed line illustrates example one in the text. By connecting the 
points representing the two known values {R 0 = 50 ohms and R L ^100 ohms) the impedance of the matching section can be 
determined. 
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fig. 4. Design nomograph for a two-section transformer. In this illustration, the dashed line represents example two in the text. 
As in fig. 3, a line is connected between the two values to be matched. The impedance of the two matching sections is read from 
the nomograph. 



fig. 5. Nomograph for a three-section matching transformer. The impedances necessary to fulfill the bandwidth requirement in 
example three are illustrated by the dotted line. 
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fig- 6. Nomograph for transformer selection. In example two, as represented by the small dashed lines, this figure has been used 
to determine the number of sections needed for matching two impedances within specific vswr limitations. The large, dashed 
lines represent example three. 


Example 3. What will be the maximum vswr of a 
three-section transformer used to match a 500-ohm 
load to 50 ohms over a ± 50 per cent bandwidth? 

Using fig. 6, lay a straight edge so that the 50 on 
the BW scale and 3 on the N scale line up. Draw a 
line through these two points and extend this line to 
the unmarked scale. Place a dot where the line 
crosses the unmarked scale. Now lay the straight 
edge so that it lines up with the 10 on the R L /R Q 
scale and the dot on the unmarked scale. Read off 
the vswr of 1.8:1 on the S scale. Thus, a three-sec¬ 
tion transformer has a vswr of 1.8:1 over a ±50 per 


cent bandwidth with a load resistance ten times the 
input impedance. 

If you have a problem where a quarter-wave trans¬ 
former can be used, these nomographs will greatly 
speed up the process of determining the optimum 
number of transformer sections and impedances of 
the sections. 

reference 

1. Samuel Guccione, "Nomograms Speed Design of X/4 Transformers," 
Microwaves, August, 1975, page 48. 
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phase-locked 

9-MHz BFO 


Construction of a 
9-MHz BFO system 
which can be 
phase-locked to a 
1-MHz reference standard 

The frequency synthesizer system for an ultra¬ 
stable receiver or transceiver must include a BFO 
which is phase locked to the external frequency stan¬ 
dard. Fig. 1 shows the diagram for a crystal beat-fre¬ 
quency oscillator which can be phase locked to a 1- 
MHz reference. The BFO delivers a signal exactly 1 
kHz below 9 MHz. When driving the detector of a 
receiver using a narrowband 9-MHz i-f filter, the 
receiver will deliver an audio pitch of exactly 1000 Hz 
for an input carrier producing an i-f signal of exactly 9 
MHz. Variations on this basic design permit opera¬ 
tion at any desired BFO frequency near 9 MHz. 

In this circuit Q1 is the voltage-tunable crystal 
oscillator; Q2 is a power-amplifier/driver stage which 
produces output suitable for the local-oscillator port 


of a double-balanced mixer. Output from the 02 
emitter feeds a 75140 TTL line receiver which supplies 
the appropriate levels for the D input of the 74LS74 
"stripper" circuit. The type-D flip-flop is clocked by 
the 1-MHz reference signal; its output is a TTL-level 
squarewave at a frequency equal to the crystal oscil¬ 
lator frequency minus the nearest harmonic of the 
reference input. Thus, this circuit "strips" off the 9- 
MHz portion of the oscillator frequency, leaving only 
the difference frequency at approximately 1 kHz. 

A chain of three 74C90 decade dividers delivers a 
1-kHz reference to pin 2 of the CMOS 4070 phase 
detector; the stripper output goes to the other input, 
pin 1. The lowpass filter R1-C2 reduces the ripple 
output from the phase detector and delivers the con¬ 
trol voltage to the tuning diode CR1. 

design approach for low noise 

Because this system uses a 1-MHz reference sig¬ 
nal, radiation from the reference oscillator must be 
prevented from reaching the receiver's i-f system. I 
have found that, with reasonable care, the 9-MHz 
reference harmonic can be eliminated. I used power- 
supply filters consisting of LI through L6 with low 
value ceramic and 10-/*F tantalum electrolytic capaci¬ 
tors to clean up the power supply system. By speci¬ 
fying CMOS and LS TTL devices where possible, I 
keep the noise sources themselves as quiet as possi¬ 
ble. All power-supply lines are bypassed to a massive 
circuit-board ground plane with capacitors having 

By Raymond C. Petit, W7GHM, Post Office 
Box 51, Oak Harbor, Washington 98277 
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5 VOLT REGULATOR 





CR1 MV2105 varactor diode (Motorola) 


T1 16:1 broadband rf transformer (Mini-Circuits T16-1) 


fig. 1. Circuit for the phase-locked 8.999 MHz 6FO with output suitable for driving a double-balanced mixer. Output 
is +7 dBm into 50 ohms (5 mWJ. LI through L4are rf chokes. 


the shortest possible leads. The entire circuit is 
enclosed in an rf-tight aluminum enclosure with con¬ 
nectors for the reference input, BFO output, and 
power. The shielded case itself does not carry any rf 
currents. 

assembly and checkout 

First build the Q1 and Q2 circuits, including the 5- 
volt regulator. Apply power and check the regulator 
output. Then check for about 2 volts at TP2 and 
about 4 volts at TP3. Place a 50-ohm load on the 
rf output and check for about 1.5 volts peak-to-peak. 
Connect a source of 2.5 volts to TP1 and adjust Cl to 
obtain exactly 8999.000 kHz at the rf output, If you 
cannot obtain this frequency, check the crystal and 
increase or decrease the net value of capacitor Cl. 

Wire the 75140 TTL driver and check TP4 for the 
desired TTL-level output. Wire the 74LS74 and con¬ 
nect the 1-MHz TTL-level reference signal. TP5 


should show about a 1-kHz TTL squarewave which 
varies in frequency when the voltage at TP1 is varied. 
Wire the decade divider chain and look for a 1-kHz 
squarewave at TPS. With the jumper J removed from 
between TP1 and TP7, observe the waveform at TP7 
while varying the voltage at TP1. With the TP1 volt¬ 
age at 2.5 volts, TP7 should show a very low fre¬ 
quency triangle wave going from zero to 5 volts. As 
the TP1 voltage is raised or lowered, this waveform 
should pass through zero beat, rise in frequency, and 
diminish in amplitude. 

Wire in the jumper J and remove the voltage 
source from TP1. The junction TP1-TP7 should now 
show a 2.5-volt steady dc level. When Cl is varied 
slightly, this dc level should rise or fall slightly. If Cl is 
moved too far , TP1 will suddenly show a low-fre¬ 
quency triangle wave. By moving Cl back, this 
should suddenly "capture" and again show a steady 
level. Adjust Cl until this level is again at 2.5 volts. 
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modifications for other frequencies 

If the desired BFO frequency is 9001.000 kHz, sub¬ 
stitute a crystal of this frequency. No other modifica¬ 
tions are required. For single-sideband work, where 
the BFO frequency will be plus or minus 1500 Hz from 


9 MHz, use the appropriate crystal and substitute the 
rate-multiplier circuit of fig. 2. With this circuit you 
can select any frequency offset from 500 Hz to 4500 
Hz. The MC14527B rate multiplier accepts a 1-MHz 
input from the reference oscillator and generates un¬ 
evenly spaced output pulses, the average rate of 
which can be programmed with the four rate input 
settings D, C, B, and A. The rate input is in BCD, 
positive logic. If the setting is 3 {BCD 0011), for every 

10 input pulses from the reference there will be three 
output pulses. The two 74C90 decade counters and 
the second half of the 74LS74 serve as a divide-by- 
200. With this arrangement a rate setting of three 
produces an average frequency output of the rate 
multiplier of 300 kHz, and the divider brings this to 
1500 Hz. 

The next article will describe the phase-locked up- 
converter which translates the 1100 to 1600 kHz out¬ 
put of the first loop*! to the required local-oscillator 
frequencies for each of the amateur bands from 160 
meters through 30 MHz. 

reference 

1. Raymond C. Petit, W7GHM, "Synthesized High-Frequency Local-Oscil- 
/ator System," ham radio, October 1978. page 60. 
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magnetic mount 


for mobile antennas 


A novel antenna mount 
made from a 
cast-off surgical device 
called a Bio-Pump 


It's not often you run across the perfect piece of 
junk. In this case, it's a magnet with all the qualities 
you'd want in a magnetic mount for an antenna: 

1. Holding power 

2. Shape 

3. Plastic case 

4. Coax-fitting-sized hole 

The device that houses this magnet isn't piled up 
at your local surplus store; in fact it won't be there at 
all. Fortunately, however, it's available to those wish¬ 
ing to seek one out. More on this later. 

My son Brian had a strange looking contraption 
among his collection of junk, and I paid little atten¬ 
tion to it for months. The thing finally aroused my 
curiosity one day when it started collecting nuts and 
bolts on its own, so I attempted to figure out its use 
and purpose. The marks on its side said Bio-Pump, 
whatever that meant. 

It looked expensively made and had a magnet bur¬ 
ied deep inside. Since it was headed for the scrap pile 


anyway, I struck it with a hammer and ended up with 
a magnet encased in plastic. And that's the heart of 
this story. 

development of an idea 

I didn't immediately visualize the gadget as an an¬ 
tenna mount. It took a while since I didn't need one 
at the time. Holes for an antenna mount had been 
recently put into my International Scout, justified by 
the fact that it was the only mount I had without buy¬ 
ing one. I also needed strong support for the colinear 
antenna that would be used. 

When I finally got around to the Bio-Pump 's 
mounting potential I checked out its holding power. 
Using a metal file cabinet, I wasn't prepared for how 
it was grabbed out of my hands by the magnetic at¬ 
traction. 

Since my location is near metropolitan Minneapo- 
lis-St. Paul, and normal driving takes me near the 
repeater I use often, I decided to build a quarter- 
wave whip for the mobile rig. Result: I put the 
colinear into permanent storage. Now I don't whack 
tree limbs and can drive into my garage. 

how to get one 

It turns out that this pump is a disposable item 
after being used during open-heart surgery. In the 
Twin Cities alone, 1500 to 2000 open-heart opera¬ 
tions are performed annually. Not all of them use this 
particular pump; however, many do, and its use is in¬ 
creasing. 

I can't supply direct contacts for you to obtain 

By W. H. Kelley, W0HK, Route 1, Box 295A, 
Maple Plain, Minnesota 55359 
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The Bio-Pump, which contains a healthy magnet that can 
be used to mount a mobile antenna. These devices are ex¬ 
pendable after heart-surgery operations and can be ob¬ 
tained free from many hospitals. 

one, but knowing someone who works in a hospital 
is how I've obtained three of them for this article. 
Since they're disposable, I believe a few phone calls 
will put you in touch with the right people. If they're 
reluctant to give you one and prefer instead to throw 
it away or destroy it, offer to destroy it for them in 
their presence just for the encased magnet. In any 
case, be open about who you are and what you want 
it for. 

I'm not usually in favor of articles in which an 
exotic hard-to-obtain component is required, but ob¬ 
taining this pump is the heart (pun intended) of this 
design. Finding one will be worth your effort. 

description and use 

The plastic covering is perfect for not marring the 
car surface. Construction is simple, as you will see. 


Amateurs have a proclivity for making do. The name of the game is 
innovation; if you don't have it, you make it. This article shows 
what one amateur operator did with a cast off piece of junk. The 
result is a mag mount for a mobile antenna that sticks to metal like a 
bum to a ham sandwich. Does your mobile whip hit the dirt when a 
big semi tractor-trailer rig goes by? Try this mount and forget your 
worries. Editor. 


It's shaped for minimum wind resistance and the 
holding power is unbelievable. 

To accent that last point, I went on a fishing trip 
where four-wheel drive was periodically required. 
You'd probably be impressed if I told you that the 
antenna stayed on top without moving. Better than 
that, I moved it inside the vehicle on a vertical panel 
and it did not move in the slightest for several days. 

When you get one, don't use a hammer as indis¬ 
criminately as I did, especially if you only have one 
plastic pump. When breaking the outer plastic case, 
start at the opposite end of the magnet. The plastic 
that houses the magnet is the fourth wall in as you 
look inside. The second and third walls are actually 
one piece and do a good job of protecting the 
magnet as you break through the outer wall. 

The plastic chips very easily, so protect your eyes 
and don't go barefoot until you clean up. Once you 
remove enough plastic to expose what you're after , 
use an alien wrench to remove the screw, washer, 
and seal from where it's held on the bottom. The 
photo shows how. 

You'll see a couple of strips of something wander¬ 
ing around inside and the inclination is to figure out a 
way to remove them. Don't\ I tried and it's impossi¬ 
ble without doing damage. 

A hacksaw can be used to cut the pointed plastic 
end of the inner container. Cut just above the inside 
metal cylinder top surface. You'll find that the plastic 
is molded around this corner, leaving about 0.8 mm 
(1/32 inch) lipped over the top tends to seal at that 
point. 

Both ends of the rotating works in the center will 
now be exposed and can be disassembled. Don't 



The Bio-Pump after applying a hammer to break the plastic 
outer shell, left. A complete instrument before destruction 
is shown at center. At right is the inner plastic container 
that houses the magnet. 
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II you want more check-off 


inlormation on a prod¬ 
uct you saw advertised, use the 
handy CHECK-OFF card inside this 
magazine. Your inquiry will be rushed 
to the companies checked. 

ham 

radio 



Inner part of the Bio-Pump with pointed end sawed off. 

drop the pump on a hard surface, as it will be dam¬ 
aged. 

Disassemble the parts in the same order as shown 
in the photo. The two snap rings can be bent and 
pulled out with a sharp-pointed object. Now is the 
time to set the magnet onto a metal surface and be 
impressed. 

The following description shows how I used this 
magnet. It was chosen more because of parts on 
hand than anything else. (See photo.) The rear of a 
PL-259 coax fitting will be a loose fit. Some solder on 
the fitting, filed down to a press fit, will do the job. 

If you have some no. 277 Loctite as I did, it will 
also work. A tee coax fitting allows a point to feed 
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Digiratt 

a digital reperf/TD i 


Continuing in the 
Digiratt series, 
KB9AT has developed 
a 1024-character digital 
rtty reperf/TD 


IK — 

Most ideas become reality because someone 
defines a need and develops an approach to meet 
that need. The original Digiratt RTTY AFSK Generator 
and PLL Demodulator 1 was designed so I could sim¬ 
ply and rapidly place a vhf RTTY station on the air 
with few frills. The Digiratt RY Test Generator came 
into being because of a badly misadjusted model 15 
and the resulting need for a stable test signal. When 
a model 28 KSR arrived, I found that a model 28 ASR 
would be more desirable than the standard KSR. 
Therefore, of necessity, a digital replacement for the 
usual mechanical device was designed. 

design concepts 

I initially decided to design a unit which was the 
equivalent of a Reperf/TD, which is to say it could 
copy RTTY off the air as well as from the local key¬ 
board. Also, since all my RTTY equipment was TTL 
based, it followed that the new unit would also be 
TTL. It had to have the ability to edit mistakes with¬ 
out re-entering the entire message and it also had to 
have a memory capability of a minimum of 16 lines of 
64 characters. I decided to include a recirculator so 
that all, or a portion, of the memory could automati¬ 
cally be repeated over and over for calling CQ, print¬ 
ing R/Y's, and doing "Quick Brown Fox" type 
testing. 

By John Loughmiller, KB9AT, RR1, Box 
480C, Borden, Indiana 47106 
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The resulting Digiratt IK allows the user to write 
(enter) up to 1024 RTTY characters into the memory, 
either from a local keyboard or off the air (see fig. 1). 
Entry speed can be as slow as desired so long as the 
Baud rate is 45.45 Hz. Full 60 wpm entry speed is 
allowed, with other speeds accommodated by 
changing the system clock frequency. 

In the read mode, the data is clocked out at a con- 
stant rate approaching 60 wpm. Either 128 characters 
or all 1024 characters can be recirculated. (This could 
be 2 lines of 64 characters or 16 lines of 64 charac¬ 
ters.) To change or delete a character, the memory is 
allowed to read (print) up to and including the char¬ 
acter immediately preceding the one to be changed 
or deleted. The unit is then switched to the write 
mode and the correction is made. Read is re-estab¬ 
lished and the next correction made in a like manner. 

theory of operation 

Clock generator. The clock generator board* is 
composed of a 1-MHz oscillator followed by a divide- 
by-1375 circuit which furnishes an output of 727.2 Hz 
(fig. 2). This frequency is 16 times the 45.45 Hz Baud 
rate used for 60 wpm RTTY and is also the frequency 
required by the UAR/T for input data processing. 

Data entry. The 727.2-Hz clock signal, in addition to 
being applied to the UAR/T, is also divided by 16 (U1 
and U2), becoming the shift register clock. It is fur¬ 
ther divided by 8 (U3) and used as the shift register 
load/read pulse (see fig. 3). 

Serial RTTY data enters the board and is applied to 
the UAR/T. When the character has been processed 
and is ready to be transferred to memory, a 5-bit par¬ 
allel data word appears on pins 9 through 12 of the 
UAR/T, and the received data available flag changes 



(MARK 

HIGHl 


(SPACE 

HIGH) 


fig. 1. Functional block diagram of the Digiratt IK re- 
perf/TD. 



fig. 2. Schematic diagram of the clock and divider board. A 
basic 1-MHz oscillator is divided by 1375 to produce the 
727.2-Hz waveform. 


state. This flag is then used to fire U4. The output 
from U4 triggers U5, and also becomes the write 
pulse to load data into memory. U5's output is called 
delayed write reference and is used to decrement 
address processor one number and simultaneously 
clear the UAR/T for reception of the next character. 

Address Processor. The three binary counters (U1 
through U3 in fig. 4) receive either the delayed write 
reference or the shift register load/read pulses as a 
clock input, depending on whether the write or read 
mode is selected. When the load button is pressed, a 
predetermined address is loaded into these counters, 
either 10242 or 1282 depending upon the position of 
the full/partial switch. This allows the user to instant¬ 
ly return to a predetermined point. If the Recirc 
switch (recirculator) is on, the predetermined 


*A copy of the printed circuit board layout is available by sending a self 
addressed, stamped envelope to ham radio, Greenville, New Hampshire 
03048. In addition, a complete set of etched, drilled, and plated circuit 
boards is available for $17.50 from Circuit Board Specialists, P.O. Box 
969, Pueblo, Colorado 81002. A complete parts kit is also available for 
$55.00. 
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fig. 3. The UAR/T on the data entry board is used to convert 
the serial rtty data to a 5-bit parallel form. Ul through U3 
provide additional division of the 727.2-Hz signal to provide 
the correct frequency for the output shift register. 

address will constantly be reloaded at the end of the 
countdown cycle, resulting in recirculation of either 
128 or 1024 characters, indefinitely. The outputs 
from the three 74193s is the binary address used to 
control the 2102 RAMS during both read and write 
modes. 

Memory. In all modes, the binary address is applied 
to all five RAMs, one bit per RAM (fig. 5), The write 
pulse enters the data into memory. The delayed write 
reference pulse, which follows, increments the ad¬ 
dress processor to the next lower address. This 
procedure then repeats for subsequent characters. 


In read mode, the shift register-load/read pulse 
both decrements the address processor and loads 
the data from the RAMs into the 74165 shift register 
(U6). Finally, the clock pulse into pin 2 of U6 shifts 
out the serial data at a 45.45 Hz Baud rate. 

Power supply. The power supply, as shown in fig. 
6, is quite straightforward, using the popular 
LM309K regulators. I do suggest that the reader not 
deviate from the schematic with respect to the use of 
separate regulators. Also, bypassing on the individ¬ 
ual boards should not be omitted. 

With the power supply and on-board decoupling 
shown. I've placed the unit on top of an operating 
linear power amplifier, with no problems resulting 
from the rf field. In extreme cases, however, you 
may have to bypass the RAMs with 0.01-^F capaci¬ 
tors at their V cc pins. For that matter, any of the ICs 
may need bypassing if erratic operation is experi¬ 
enced in a high-intensity rf field. 



fig. 4. The address processor generates the 10-bit binary 
address for the RAMs. The 74193s count down from the 
number loaded into their pre-set inputs. 
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initial start-up 

Apply power and press the clear button to reset 
the UAR/T registers. This must be done each time 
the system is turned on, or you can build in a power- 
up system using a resistor, capacitor, and inverter. In 
any event, the UAR/T registers must be reset at 
turn on. 

Select full address, write, run, no recirc, and press 
the load button. Enter 1024 Blanks and select run and 
read. Press load address once and observe the play¬ 
back. If you get anything other than blanks on play¬ 
back you probably have a defective RAM. Consult a 
baudot code chart and determine which RAM would 
have to be defective to cause the resultant printed 
letter; the RAMs correspond directly to the baudot 
chart. Next, load Ltrs into all 1024 spaces and repeat 
the procedure outlined above. If you can store 1024 


S BIT DATA WORD 
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fig. 5. The memory board contains five 2102 RAMs and the 
output shift register. The 10-bit address lines are simul¬ 
taneously applied to all 2102s. The hardwired inputs of the 
shift register are used to generate the stop and start pulses. 
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fig. 6. Schematic of the power supply for the Digiratt IK. 
The small indicator lamp should draw less than 60 mA at 
12 volts. The three LM309K regulators are mounted on the 
back of the case. 

blanks and l024Z.frs and recover them without error, 
the RAMs are probably acceptable.* 

Obviously, you'll need a baudot code chart (found 
in most RTTY books) to trouble-shoot RAM prob¬ 
lems. I bought eight "prime" 2102 ICs, and three 
were bad at certain addresses. It was a blessing in 
disguise, however, since this trouble-shooting proce¬ 
dure was the result of that problem. 

system interface 

The UAR/T requires the input mark signal to be a 
TTL high. Therefore, any system devised to enter 
data will have to furnish a high logic level when the 
loop is in the mark condition. With respect to outputs 
from the Digiratt 1K, both mark and space signals are 
available with TTl high levels as their true conditions. 

One suggested input circuit is the system devised 
by John Alford, WA4VOS, 2 using a diode bridge and 
optical isolator. Another method would be to key a 
reed relay from the local loop. Connect the relay con¬ 
tacts in such a manner that the center arm is connec¬ 
ted to 5 Vdc when the loop is in the mark state and 
ground when the loop is in space condition. You may 
find it necessary to debounce the contacts of the 
reed relay. 

*lt should be noted, however, that special memory testing routines are 
required to disclose some failures. This procedure is not a complete test but 
should suffice in most cases. 
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fig. 7. Interconnection wiring diagram for the Digiratt IK. With jumpers J1 and J2 connected to A-B, the mark output will be a 
TTL high level; connected to A-C the mark level will be a low level. 


operation 

Write, 1, Select either full or partial memory. 

2. Press load address. 

3. Turn the recirculator off (even if it will be 
used during read), 

4. Set the write/read switch to write. 

5. Set am/ha/t to am. 

6. Enter the data. 

If the recirculator is to be used, fill in all unused 
memory slots with blanks, or random data will be 
printed until reset occurs. 

Read, 1. Set full/part switch as required. 

2. Press load address. 

3. Set write/read to read. 

4. Set recircas desired. 

5. Set run/halt to run when ready to read out 
the data. 


future expansion 

I've designed a couple of options which are not on 
the prototype unit. The first is a one-step for¬ 
ward/backward text editor which allows correction 
of mistakes. Second, an address preset using BCD 
thumbwheels and 7-segment displays, making the 
memory completely random access. You merely dial 
up the place where a particular message is stored, 
press the load address button, and read out the con¬ 
tents. Finally, a 2K version and an ASCII version are 
also designed but not yet built. 
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tone-alert decoder 


Construction of a 
simple tone-alert decoder 
for emergency call-ups 
of RACES groups and the 
Amateur Radio 
Emergency Service 

How do you monitor for a possible call-up of the 
local ARES or RACES group on the local repeater 
while you're at the office — without subjecting other 
office employees to the normal traffic on the repeat¬ 
er? How do you monitor for emergency calls through¬ 
out the night without being jolted out of bed by an 
amateur who works the sign-off shift at the TV sta¬ 
tion and puts out a call on his way home from work? 
One solution is a telephone call-up using the tele¬ 
phone tree system. The problem is that if one or two 
members are not home, it can really slow down or 
even stop the fan-out process. 

After considering and experimenting with several 
alerting systems, the Wayne County (Michigan) 
Amateur Radio Public Service Corps (ARPSC) devel¬ 
oped an alerting system over the local repeater that is 
based upon a tone-alert. The basic concept of the 
system is that any ARPSC member equipped with 
the tone-alert decoder who wishes to be notified of 
an alert — but does not want to listen to the repeater 
audio — can switch the tone-alert decoder to moni¬ 
tor mode. This allows the audio from the receiver to 
pass to the decoder but does not allow it to pass on 
to the speaker. 


To activate the tone-alert the amateur calling the 
alert transmits the appropriate audio tone for the 
proper duration; the decoder latches up and the relay 
contacts switch the audio onto the speaker. 

So far the tone-alert system has been used for sev¬ 
eral tornado watch "sky warn" net call-ups in Wayne 
county. Washtenaw, Monroe, and Genisee County 
groups have also started the development of tone- 
alert systems using the circuit described in this article. 

There were four primary objectives of the decoder 
design: 

1. A decoder which would not give false alerts by 
detecting voice peaks or alternator whine. 

2. A decoder which would cost less than $15, 
because the higher the cost, the fewer that would be 
placed into service by volunteers. 

3. A decoder which was built from readily available 
parts; this would increase the number which would 
be built by volunteers. 

4. A decoder circuit which could be reset by the 
appropriate signal. 

After the criteria were established, a search of the 
literature was made and no simple circuit was found 
that met our objectives. (After our system was devel¬ 
oped a decoder meeting some of the design require¬ 
ments was published in QST.) 

A prototype was developed and evaluated for sev¬ 
eral months on a receiver monitoring the local repeat¬ 
er. Tests were made of various call-up systems and 
tone encoders. When the design was considered sat¬ 
isfactory a batch of circuit boards was produced and 
kits of parts made available to ARPSC members who 
wanted to participate in the program. The record of 
performance is good for the units now in service. 

By Harold C. Nowland, W8ZXH, and Stan 
Briggs, W8MPD, Hal-Tronix, Post Office Box 
1101, Southgate, Michigan 48195. 
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circuit description 

Integrated circuit U1 is a NE567 PLL tone-decoder 
timed to the system alert tone frequency (see fig. 1). 
The audio from the receiver passes through the level 
control R1 to the 567 input. R2 and C2 control the 
567's operating frequency. When the proper tone is 
not being received the 567 output is about +4 volts, 
which is applied to the reset input of U3. U2 is an 
oscillator operating at about 1 Hz. The output is fed 
to the clock input of the 4-bit counter, U3; as long as 
the reset is held high by the output of U1, however, 
the counter stops at zero. 

When the proper tone frequency is received at the 
input of U1 the output voltage goes to zero. This 
turns the LED CR1 on, indicating that the PLL has 
locked up. This also allows the reset input to the 
counter to go low, allowing the counter to start to 
count. The outputs of the counter will go high in turn 
as the counter counts up: (1) high after the first 
pulse, (2) high after the second pulse, (3) high after 
four pulses, (4) high after eight pulses. 

The desired delay is obtained by selecting the out¬ 
put to be jumpered to the SET input to the latch, U4. 
If a delay of four clock pulses (about four seconds) is 
desired, for example, a jumper would be placed 
between C and S. Once the count reaches four, the 
output of the latch will turn on the relay driver tran¬ 
sistor Q1. 

If the tone is not on for the whole four clock 
pulses, the counter will reset when the PLL output 
goes high. This protects from lock-up on voice 
peaks, alternator whine, or other spurious signals. 

The relay contacts may be placed in series with the 

*A parts kit, less relay, and an etched and drilled circuit board are available 
for $10,95 plus $1.00 postage from Hal-Tronix, Box 1101, Southgate, 
Michigan 48195. 


external speaker circuit so that audio can be heard 
when the relay is operated. 

To reset the latch a positive voltage must be ap¬ 
plied briefly to the R input. The circuit can also be 
reset remotely by using a diode from the D output to 
the R input. This allows the tone of eight clock pulse 
duration to reset the decoders remotely if desired. 
The format is thus: ON, four clock pulses; OFF, eight 
clock pulses. 

construction 

The layout of the circuit is not very critical. The 
only critical component is the 0.1-/iF capacitor (C3). 
This should be a good quality Mylar capacitor to limit 
frequency drift.* 

The tune-up procedure is as follows: 

1. Set R1 and R2 at the center of their ranges. 

2. Apply the desired tone frequency to the decoder 
input. R2 should be adjusted until the LED lights, in¬ 
dicating the lock-up of the PLL. 

3. The signal level should be reduced and R2 
should be adjusted to locate its “center of lock." 

4. On-the-air checks should be made to determine 
the appropriate level setting of RT 

Various types of tone generators may be used. The 
Wayne County ARPSC group uses a quartz crystal 
oscillator which is counted down to the proper audio 
frequency by a 14-stage ripple-carry binary coun¬ 
ter/divider integrated circuit such as the CD4020. 
Other groups have found that simple oscillators using 
555 timers with good components and voltage regu¬ 
lation are adequate. 

ham radio 


november 1978 E2B 65 









the weekender 



an antenna swr meter 


In keeping with the Weekender theme, here is a 
useful station accessory that can be constructed in 
the course of a weekend and should provide many 
years of service. 

The antenna meter (or vswr bridge, as this type of 
device is usually called) provides an indication of 
match or degree of mismatch between the transmit¬ 
ter and antenna system. I don't like to refer to the 
unit as a bridge, because that implies a device of ex¬ 
treme accuracy and brings to mind instruments built 
by General Radio and the like. Rather, the antenna 
meter is a simple instrument that samples the for¬ 
ward (incident) and reflected voltages in the coaxial 
feedline between the transmitter and antenna sys¬ 
tem. This easily built device is useful for tuning your 
transmitter for maximum output, adjusting an anten¬ 
na tuner for minimum reflected voltage, and tuning 
your antenna system to a favorite spot on the band. 

This antenna meter is for use with 50-ohm coaxial 
lines, such as RG-8/U and RG-58/U. It covers the 
high-frequency bands and will operate with any type 
rig, other than QRP. The unit contains no exotic or 
hard-to-find parts, with construction greatly simpli¬ 
fied through the use of a printed-circuit board. If you 
do not have the facilities for etching the PC board, an 
etched and drilled board is available as shown in the 
parts list. This form of construction eliminates the 
mechanical difficulties often associated with instru¬ 
ments of this type. The sensitivity of the meter varies 
with frequency, about 60 watts on 80 meters and 
approximately 3 watts on 10 meters for full-scale 
deflection. 

circuit description 

The circuit of the antenna meter shown in fig. 1 
has been around a long time. It has been constructed 
in many forms, ranging from wires snaked inside 


By Ken Powell, WB6AFT, 6949 Lenwood 
Way, San Jose, California 95120 


coaxial cable to copper tubing spaced inside a mini¬ 
box. Although construction techniques vary, the 
basic theory and function remain the same. In this 
configuration, the signal from the transmitter is 
applied to the input jack, J1, passes along the center 
conductor of the etched board, and exits via J2. 

Two sense lines are etched parallel to the center 
conductor. The lower line along with its associated 
diode detector, is called the incident, or forward, 
line; the upper line is called the reflected, or reverse, 
line. The sense lines are identical, but are connected 
to detect voltage in opposing directions. 

A forward/reflected switch connects a metering 
circuit which reads the voltage developed in the 
sense lines as the rf signal passes along the surface 
of the center conductor. By using the calibration 
control, R3, the reading from the forward sense line 
can be adjusted to deflect the meter to full scale. 
Then, through the use of the forward/reflected 
switch, the reflected voltage can be read to develop 
forward-to-reverse voltage ratio. 



SI rocker switch, dpdt RS 275-030 

J1, J2 single-hole SO-239 connector RS 278-195 

CR1,CR2 germanium diodes 1N34A RS 276-1123 

C1,C2 .005/500 Vdc disc caps RS272-130 

R1,R2 51-ohm 5 per cent resistors RS 271-1308 

R3 lOOk-ohm pot RS 271-092 

Ml 50 nA meter RS 22-051 


The reflected reading represents the portion of the 
voltage that has been applied to the feedline but has 
been reflected back from the antenna system due to 
mismatch. The primary objective is to maintain the 
reflected reading as low as possible, with a reading 
near zero indicating a purely resistive 50-ohm termi¬ 
nation at the far end of the coaxial feedline; that is, a 
good match between the transmitter and the anten¬ 
na system. 

construction 

The heart of the antenna meter is the printed-cir¬ 
cuit board shown in fig. 2. The board is double-sided 
glass epoxy with a thickness of 2.5 mm (3/32 inch). 
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fig. 2. Circuit board layouts for the board used in the swr meter. The top side is shown at (A); the back of the board 
at (B). Contrary to normal ham radio style, the foil is represented by the white areas. 


The only holes in the board are the 16-mm (5/8-inch) 
holes for the coax connectors. After etching and 
drilling are completed, place a piece of masking tape 
on the reverse side of the board (fig. 3). Lay the PC 
board down, component side up, and tin the areas 
shown in fig. 3 with a small iron and rosin-core 
solder. This pre-tin operation will aid in component 
mounting. 

Form the resistors, diodes, and capacitors as 
depicted in fig. 4, and, using needle nose pliers to 
grasp the lead being soldered, mount the diodes, 
resistors, and capacitors as shown in fig. 5. Solder 
the output leads from both sense lines and leave 
them about 30 cm (12 inches) long. Next, mount the 
single-hole SO-239 UHF connectors to the circuit 
board, but do not over-tighten the hardware. Using 
no. 14 (1.6 mm) AWG solid copper wire, form two 
pieces of wire, as shown in fig. 4, to connect the 
center leads of the UHF connectors to the printed cir¬ 
cuit board. Solder the wires to the UHF connectors 
first, then align the wires with the center of the board 
and solder in place, being sure the wires do not touch 


the grounded frame of the connectors. This com¬ 
pletes the circuit board wiring.* 

Drill the required holes in the case, being careful 
not to damage the paint in the process. After making 
sure that all components fit correctly, wash the case 
assembly with a mild detergent to remove any wax or 
oils which may be present. Prior to mounting the 
components, apply the lettering to the case using 
rub-on letters (I used the Datak K61 Letter Set). Then 
apply a couple of light coats of Krylon Clear or Datak 
Matte Finish to protect the lettering and finish. This 
will give a professional look to your project. 

Remove the lock nuts and washers from the UHF 
connectors and mount the circuit board and other 
components in the case. Wire the unit as shown in 
the schematic diagram, using the meter's negative 
terminal as the common ground point for the ground 
wires from both sense lines. Parts placement is not 

*An etched printed circuit board is available from J. Oswald, 1436 Gerhardt 
Avenue, San Jose, California 95125 for $4.00 postpaid. Order board 
number 1004J. 
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fig. 4. Component preparation prior to mounting on tha circuit board. 


critical, but try to keep the wires from the sense lines 
peipendicular to the board for a distance of a few 
centimeters. After assembling the cabinet, remove 
the plastic snap-on cover from the meter and remove 


the meter face. Using a common eraser, remove all 
the numerals from the meter face, exercising caution 
not to damage the scale graduations. Now, apply the 
new digits (see fig. 6} using the lettering set and 




fig. 3. Tha top of tha circuit board should ba pra-tlnnad In tha araaa markad. Tha back plana la covarad with mask¬ 
ing taps as indicatad. 
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fig. S. Parts placement diagram for the top of the printed circuit board. 


finish the meter face with a light coat of clear finish. 
This will protect the face and hide the erasure marks. 
After the finish has dried, assemble the meter and 
mount the calibration knob. 

testing and use 

To test the completed unit, connect the transmit¬ 
ter to J1 and the antenna feedline to J2. Set the for¬ 
ward/reflected switch to the forward position, key 
the transmitter, and adjust the calibration control for 
a full-scale meter reading. Now, flip the switch to the 
reflected position and note the reading on the meter. 
Next, transpose the antenna and transmitter leads, 
key the rig, and adjust the calibration control to full 
scale again. Flip the switch to the forward position, 
and a reading close to that noted in the first test 
should be observed. This is due to the fact that the 
sense lines are the same. Transpose the antenna and 
transmitter leads again and the unit will be restored 
to normal operation. 

The first antenna I put the meter to work on was 
my 40/80-meter dipole. I took measurements on 
both bands, recording the readings as shown in fig. 
7. The readings indicated the 80- and 40-meter ele¬ 
ments had the lowest reflected readings at the bot¬ 
tom of the bands. Shortening the 40-meter elements 



fig. 6. New calibration markings for the meter face. 




fig. 7. Readings obtained with the swr meter on a dipole 
for 40 and 80 meters. 


first, and then the 80-meter elements, eventually 
yielded the reading shown in fig. 7B. This was more 
in keeping with the section of the band I use most. 
Now the antenna meter is left in the line and I use it 
to squeeze the last drop of output out of the little 
transceiver. I honestly cannot say that there has been 
a dramatic improvement in the overall performance 
of the antenna, but I am happy knowing that the 
vswr is more in keeping with the specifications for 
the transceiver. 

ham radio 
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1C tester using the KIM-1 

One useful tool that's sure to be appreciated by 
any electronic or computer experimenter is a reliable, 
fast, and easy method for testing digital integrated 
circuits. The concept presented in this article uses 
the KIM-1 microprocessor as one approach to testing 
7400 series ICs, While only 7400-type numbers are 
listed, the program is equally applicable to those 
devices in the 74H, 74L, 74S, 74LS, and 74C series, 
as well as to others whose pinout arrangement is 
identical to that of the 7400-type shown. Also includ¬ 
ed is an optional "search and identify" procedure to 
help in the identification of unmarked devices. 

program basics 

The program itself is basically simple. A flow chart 
showing the concepts involved is seen in fig. 1. 
Operation of the program is broken into three main 
parts: selection of the proper set of input combina¬ 
tions from a table of possible combinations; applica¬ 
tion of inputs to the device under test; and compari¬ 
son of the results with the set of correct results 
contained in another table. 

A third table of "pointers," actually the lower 
address byte of locations in program page 1 and 3 
where the input and results tables are located, is pro¬ 
vided in program page 0. The third table is used to 
identify the starting address for each variable in the 
program for each type of chip listed. The correct set 
of pointers is selected by inserting into location 0000 
an appropriate code number for the chip to be test¬ 
ed. The ICs that can be tested are shown in table 1. 

When an 1C has successfully completed the test¬ 
ing, the device number appears in the address loca¬ 
tions of the KIM-1 display. For type numbers above 
7499, a hexadecimal digit is used to reduce the dis- 

*A complete program listing, 1C lists, and sequence tables are available by 
sending a self-addressed, stamped envelope to ham radio, Greenville, New 
Hampshire 03048 

By Robert E. Babcock, W3GUL, 1706 
Fawcett Avenue, McKeesport, Penn¬ 
sylvania 15132 


table 1. Listing of 14- and 16-pin ICs which can be tested by 
the KIM-1 microprocessor using the program described in 


this article. 

14-pin ICs 


16-pin ICs 

7400 

7415 

7439 

7442 

7401 

7416 

7440 

7445 

7402 

7417 

7451 

7446 

7403 

7420 

7453 

7447 

7404 

7421 

7454 

7448 

7405 

7422 

7474 

7449 

7406 

7426 

7486 

7485 

7407 

7427 

74107 

7490 

7408 

7428 

74125 

7492 

7409 

7430 

74126 

7493 

7410 

7432 

74128 

74145 

7411 

7433 

74132 

74148 

7412 

7437 

74136 

74151 

7413 

7438 

74140 

74153 

7414 



74155 

74157 

74158 


play to four digits. For example, a 74107 would be 
shown as 74A7 and a 74157 as 74F7. Failure of any 
tested chip to match expected results will result in 
FFFF being displayed in the address locations. 

To use the program, connections must be made 
between the KIM-1 and a suitable test socket. When 
testing a 14-pin 1C, all pins are connected to the KIM- 
1 for maximum flexibility. However, when a 16-pin 
device is tested, all pins except ground and Vcc are 
connected to the KIM-1. The 14-pin 7400 series 
devices shown in table 1, with three exceptions, all 
use pin 14 for Vcc and pin 7 for ground. The three ex¬ 
ceptions are the 7490, 7492, 7493.The 16-pin devices 
all use pin 16 for Vcc anci P' n 8 for ground. Note that 
the KIM-1 ports cannot supply enough current as 
a Vcc source, therefore, a separate connection must 
be made. 

The following procedure is recommended before 
inserting the first 1C into the test socket. 

table 2. Connections between the test sockets and the KIM- 
1 applications connector. 


KIM-1 


14-pin 

16-pin 

applications 

KIM-1 

socket 

socket 

connector 

port designation 

1 

1 

8 

PA7 

2 

2 

7 

PA6 

3 

3 

6 

PA5 

4 

4 

5 

PA4 

5 

5 

2 

PA3 

6 

6 

3 

PA2 

7 

7 

4 

PA1 

8 

9 

14 

PA0 

9 

10 

16 

PB5 

10 

11 

13 

PB4 

11 

12 

12 

PB3 

12 

13 

11 

PB2 

13 

14 

10 

PB1 

14 

15 

9 

PB0 
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fig. 1. Flow chart for the program used with the KIM-1 mi¬ 
croprocessor to evaluate and identify ICs. 


1. Put the code for the selected 1C into location 
0000. 

2. Put the starting address for the program in the ST 
vector (00 in 17FA, 02 in 17FB), then set address 
to 0200. 

3. Press GO button — display should read FFFF 1C. 

4. Attach Vcc and ground connections to the cor¬ 
rect pins of the 1C. If adequate, the KIM-1 power 
supply may be used. If an external supply is used, 
the grounds must be connected together. 

5. Insert the 1C* and press ST button «— display 
should read type number if good, FFFF if not. 


6. Repeat step 5 for each additional 1C of the same 
type. 

This procedure ensures that the input-output ports 
are correctly configured for the 1C to be tested, 
which will reduce the possibility of damage to the I/O 
port due to shorting of outputs and "fighting for the 
bus." To change the code in location 0000, leave the 
test socket empty and press ST. The display will 
again read FFFF. Pressing the 4- button will put the 
address in location 0000, 

A delay subroutine is included as part of the pro¬ 
gram so that the changing values may be observed 
by attaching indicators (with drivers) to the various 
ports. To increase the delay for this purpose, put FF 
in 02D6 and 07 in 02D8. If observation is not desired, 
the delay may be removed by inserting NOP's (Op 
Code EA) in 0263, 0264, and 0265, and also, 0290, 
0291, and 0292. 

additional test capabilities 

If you desire to include additional 1C types, caution 
must be exercised. One factor that must be consid¬ 
ered is the load imposed on the driving source by any 
input of a TTL chip. Some devices, such as the 7475, 
impose as much as four loads on certain inputs, far 
beyond the unbuffered capacity of the KIM-1. A sec¬ 
ond, less critical problem is the number of memory 
locations that are needed to provide the input and 
output sequences for some of the more complex ICs. 
Finally, in addition to the table of pointers in page 0, 
three other locations in that page are reserved for use 
by the program; these are OOEC, OOED, and OOEE. 
Any tables to permit testing devices not included in 
table 1 should avoid these locations. 

IC identification 

Through a small program modification, it is possi¬ 
ble to use the KIM-1 to determine the characteristics 


table 3. Example of binary values necessary to check a 7400 
quad, dual NAND gate. 


KIM-1 port 

IC pin 

pin 

binary entry 

hex 

designation 

number 

function 

to DDR 

equivalent 

PA7 

1 

in 

1 


PA6 

2 

in 

1 

r\ 

PA5 

3 

out 

0 

\J 

PA4 

4 

in 

1 


PA3 

5 

in 

1 


PA2 

6 

out 

0 

o 

PA1 

7 

ground 

0 

o 

PA0 

8 

out 

0 


PB7 

— 

— 

0 


PB6 

- 

- 

0 

o 

PB5 

g 

in 

1 

O 

PB4 

10 

in 

1 


PB3 

ii 

out 

0 


PB2 

12 

in 

1 

A 

PB1 

13 

in 

1 

O 

PBO 

14 

Vcc 

0 
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of unmarked chips. To operate in this automatic 
search and identify mode, enter code 00 in location 
0000, enter the program starting address (0200) into 
the ST vector, insert the unknown 1C in the test 
socket, and press ST. The program change will 
cause the code in 0000 to be incremented by one if 
the 1C fails the test for the device coded 00. If the 1C 
coded 01 also fails, then the code will be incremented 
to 02 and so on until all codes for which input and 
output sequences have been provided have been 
checked. If no match is found, the display will show 
FFFF as before. 

The first code which is satisfactorily matched will 
cause that device type to be indicated by the display. 
This can lead to errors in identification. As an exam¬ 
ple, suppose the 1C being tested is 7420, a dual 4- 
input NAND gate. Investigation of the characteristics 
of the other devices in table 1 will show that a 7413 is 
also a dual 4-input NAND Schmitt trigger. Thus, a 
7420 would actually show as a 7413 in this mode. 
However, the fact that the device is identified as a 
dual 4-input NAND is helpful, and further tests can be 
made to completely identify the device. After the 1C 
has been identified, remove the chip and press ST. 
This will make certain that the code is initially at 00 
for the next chip tested. 

The sequences of inputs and results, as well as the 
configuration for the input-output ports, can be 
determined by analysis of the chip and its connection 
to the KIM. Consideration must be given to the fact 
that any pin designated as an 1C output must have 
the corresponding KIM-1 port set as an input, and 
vice versa. Unused 1C pins, Vcc, and ground connec¬ 
tions are made inputs to the KIM. Since a port loca¬ 
tion is designated as an output terminal by writing a 1 
into the data direction register for that position, and 
similarly an input by a 0, the known pattern of a par¬ 
ticular 1C establishes the values which must be used 
to set up the ports for that device. 

This procedure is probably best explained by an 
example using the 7400 two-input NAND gate. The 
pin arrangement for the 7400 and the truth table for 
each of the four identical gates contained in the chip 
are shown in fig. 2. By referring to the pinout, a table 
of the KIM-1 port designations, the 1C pins attached 

A B OUTPUT 

O O I 

O / / 

I O I 

I I o 

NAND TRUTH TABLE 


fig. 2. Pinout diagram and truth table for the 7400, a quad, 
dual input NAND gate. 


table 4. Binary inputs for the 00, 01, and 10 testing combi¬ 
nations. 


KIM-1 port 

1C pin 

input 

results 

designation 

number 

00 

01 

10 

00 

01 

10 

PA7 

1 

0 

0 

1 

0 

0 

1 

PA6 

2 

0 

1 

0 

0 

1 

0 

PA5 

3 

0 

0 

0 

1 

1 

1 

PA4 

4 

0 

0 

1 

0 

0 

1 

PA3 

5 

0 

1 

0 

0 

1 

0 

PA2 

6 

0 

0 

0 

1 

1 

1 

PA1 

7 

0 

0 

0 

0 

0 

0 

PAO 

8 

0 

0 

0 

1 

1 

1 

PB7 

— 

0 

0 

0 

0 

0 

0 

PB6 


0 

0 

0 

0 

0 

0 

PB5 

9 

0 

0 

1 

0 

0 

1 

PB4 

10 

0 

1 

0 

0 

1 

0 

PB3 

11 

0 

0 

0 

1 

1 

1 

PB2 

12 

0 

0 

1 

0 

0 

1 

PB1 

13 

0 

1 

0 

0 

1 

0 

PB0 

14 

0 

0 

0 

1 

1 

1 


to each, and the binary value which must be placed 
in each location can be made (see table 3). 

As can be seen from the hexadecimal equivalents 
for the binary values needed at the data direction reg¬ 
isters, D8 must be written into PADD (1701) and 36 
into PBDD (1703). The truth table also indicates that 
the same hex digits can be used to apply the 1-1 in¬ 
put combination to all four gates simultaneously. 
Thus, these values fulfill two functions and thereby 
save space in the input sequence table. 

The result digits can also be determined by refer¬ 
ence to the truth table; each 1-1 input should result in 
an output of 0. In fact, when the ports are sampled 
for correct response, the only change from the writ¬ 
ten value will occur at PB0 where V<x will cause a 1 
input at that port. The result digits would then be D8 
at Port A and 37 at Port B. The values to be written 
into PAD (1700) and PBD (1702) (to apply the 1-1 
combination) and the values which should read at 
PAD and PBD if the chip responds correctly have 
now been determined. The combinations for the re¬ 
maining 00, 01, and 10 inputs are shown in binary 
form in table 4. 

The portion of the program that applies the pulses 
for the 7490, 92, and 93 or other similar counters 
requires only two input entries for all of the pulses 
applied. The pulse is obtained by starting with the in¬ 
put at a 1 level, applying a 0 level, then returning the 
pin to a 1 level. After each pulse, the index that 
determines the input values is decremented two 
places; the next pulse is applied by incrementing 
twice and so on. This also saves program space and 
permits the testing of more chips with a given set of 
tables. The process of determining the needed tabu¬ 
lations is not difficult and it should be possible to find 
combinations that can test virtually any logic chip. 

ham radio 
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simplified capacitance meter 


A revised version 
of the capacitance meter 
uses a second 555 timer 

to replace 
the original 
programmable unijunction 

In a previous article I described what I thought to 
be a very easy-to-build, direct-reading capacitance 
meter. 1 It would linearly read on a meter any capaci¬ 
tance value from 1.0 pif down to as low as 1.0 pF, 
just the ticket for measuring those unmarked vari¬ 
ables and micas you can get so cheaply at the surplus 
and flea markets. 

Well, the article proved to be quite popular, at 
least I got a lot of letters and phone calls about it. 
Only trouble was most of them asked, "Where can I 
get that programmable unijunction transistor (PUT), 
or what can I substitute for it?" Information on sub¬ 
stitute devices was published, 2 but I'm still getting 
phone calls nearly three years later. The circuit pre¬ 
sented in this article is an alternative; no PUTs, just 
two of the popular 555 timer ICs. 

theory 

As it turns out, the output pulse width of a 555 
timer is a linear function of the timing capacitance 
connected to it. If the 555 is triggered with a constant 
frequency, then the average dc value of the resulting 
pulse train is a linear function of pulse width. Putting 
these two facts together means that a dc meter con¬ 
nected to the 555's output will provide a linear indica¬ 
tion of the timing capacitor's value. Decade capaci¬ 
tance ranges are implemented by switching the value 
of the 555 timing resistor. 


Since the output waveform of the 555 doesn't 
quite get down to zero volts between pulses, and 
since there is some stray capacitance in any circuit, 
zero adjustments are needed to buck out that small 
voltage and stray capacitance. In the original circuit, 
I used a PUT and a transistor inverter to generate the 
constant-frequency trigger for the 555; here 1 have 
replaced the original circuit with another 555 operat¬ 
ing in the free-running mode. A more detailed discus¬ 
sion of theory may be found in reference 1. 

construction 

The schematic of the capacitance meter is shown 
in fig. 1. It is convenient to mount most of the parts, 
including the four trimpots, on a piece of perforated 
board which is mounted to the meter terminals. The 
two 555 ICs will plug into a 16-pin 1C socket. 

Layout is not critical, but the wiring associated 
with the range switch and test terminals should be as 
short as possible to minimize stray capacitance. Use 
a metal box to house the instrument, and connect 
circuit ground to the box. Make sure the 2-pole, 5- 
position switch is wired so that trimpot R11 is select¬ 
ed when the range switch is in the 100 pF position. 

All resistors may be 1 /2 watt, 5 per cent, but great¬ 
er overall accuracy will result if the five resistors con¬ 
nected to the range switch are of one per cent toler¬ 
ance. Cl should have a tolerance no greater than 10 
per cent. 

power supply 

The circuit is designed for a six-volt power supply, 
to facilitate battery operation. However, the battery 
drain is heavy, up to about 50 mA, and varies with 
the range-switch setting. Since calibration stability is 
directly related to supply-voltage stability, batteries 
really shouldn't be used unless portable field-use is 
required. If batteries are used, they should be alkaline 
types. 

My solution to the problem of infrequent use vs. 
cost of a built-in power supply is as follows. A simple 

By Courtney Hall, WA5SNZ, 7716 La Verdura 
Drive, Dallas, Texas 75248 
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six-volt zener regulator, such as shown in fig. 2, is 
mounted in the capacitance meter box with two 
wires brought out. These wires are connected to a 
12-volt bench power supply when I need to use the 
meter. One of the three-terminal, six-volt 1C regula¬ 
tors should give even more stable performance than 
a zener. 

calibration 

The three zeroing trimpots, R11, R12, and R13, 
must be adjusted with nothing connected to the test 
terminals. Zeroing is accomplished by adjusting 
these trimpots for a zero meter reading when the 
push-button is depressed. Adjust R11 with the range 
switch in the 100-pF position. R12 is for the 1000-pF 
range, and R13 is for the three highest ranges. If the 
meter cannot be zeroed, the trimpot is probably 
defective, having too much "'end resistance." 
Smaller value trimpots may be used, down to 200 


too 



fig. 2. Zener regulator for use with the capacitance meter. 


ohms, or possibly smaller, depending on the stray 
capacitance in a particular version of construction. 

After the zeroing trimpots are adjusted, connect a 
100-pF mica capacitor, with a tolerance of five per 
cent or better, to the test terminals. Set the range 
switch to 100 pF. Depress the push-button and ad¬ 
just trimpot R9 for a full-scale reading on the meter. 
Calibration is then complete. 

operating tips 

When the capacitor being measured is too large 
for a particular range-switch setting, the circuit may 
be driven out of its linear range of operation. Under 
these conditions, the meter may read less than full- 
scale even though the actual capacitor value is more 
than the full-scale setting- To avoid such erroneous 
readings, test an unknown capacitor on the 1,0-jiF 
range first, then move the range switch to lower set¬ 
tings until a usable reading is obtained. Keep the 
original calibration capacitor handy for calibration 
checks. 

references 

1. Courtney Hall, WA5SNZ, "Direct-Reading Capacitance Meter," ham 

radio, April, 1975, page 32. \ 

2. Courtney Hall, WA5SNZ, Comments, ham radio, October, 1975, 

page 31. \ 
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improvements 
to the 

Measurements Corporation 59 


grid-dip oscillator 

Used in labs for years, 
the model 59 grid dipper 
is still a great instrument. 

Presented here are 
some ideas for updating 
this old workhorse 

This article describes modifications to a Measure¬ 
ments Corporation model 59 grid-dip meter. How¬ 
ever, it pertains to most other tube-type grid-dip 
meters as well. The B&W, Heath, and Millen grid-dip 
meters are basically similar {in the rf head) and 
should be adaptable to the circuitry described. 

I found an rf head from a model 59 in a local sur¬ 
plus emporium without the meter/power-supply 
module and with only four of its normal complement 
of seven hf-vhf coils. Since the model 59 (in my 
opinion) is the best grid-dip meter ever built, I feft 
that a reconstruction project was worthwhile, so a 
new meter/power-supply unit was built to replace 
the original. Here's the story. 

circuit design 

Rather than copy the Measurements Corporation 
circuit, I designed a new supply using all solid-state 


components. The 5Y3 rectifier was replaced with 
silicon rectifiers, and the OD3/VR150 voltage regu¬ 
lator tube was replaced with a 10-watt zener. As 
neither an O.E.M. transformer or choke was avail¬ 
able, I used standard Triad components. I added a 
B + switch; this allows you to first switch on the 
power, which heats the 955 heater in the rf head, and 
then switch on the B + after a few moments wait — 


OCTAL SOCKET 
TO RF HEAD 



fig. 1. Original power-supply/metering portion of the Meas- 
urements Corporation model 59 grid-dip oscillator. 


By Hank Olson, W6GXIU, P.O. Box 339, Menlo 
Park, California 94025 
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fig, 3. Schematic of the Measurements model 59 rf head. 
The 955 could perhaps be replaced with a modern high- 
performance fet. 

a conservative addition because replacement 955s 
are now about $10 on the surplus market. 

Looking at fig. 1, which shows the original sche¬ 
matic diagram, we see tubes used for the rectifier 


and voltage regulator. Fig. 2 shows the replacement 
supply using solid-state devices. The rf-head is 
shown in fig. 3, and is the same for original and 
modified GDOs. 

internal modulation 

Note that in fig. 1, when the function switch is 
placed in the MOD position and no plug is inserted 
into closed-circuit jack J1, 120 Hz is capacitively 
coupled to the B + going to the rf head. The equiva¬ 
lent circuit is shown in fig. 4. 

This simple method of plate-modulating the GDO 
leaves a lot to be desired, mostly because of the 
prevalence of 120 Hz as an incidental modulation on 
almost every oscillator. So this is the question: Is 
the 120-Hz modulated carrier you're hearing really 
from the GDO or from some other source? 

To make the modulation frequency more distinc¬ 
tive, I added a simple, solid-state, 1-kHz modulator. 
This modulator uses a four-layer diode relaxation 
oscillator followed by a solid-state amplifier to in¬ 
crease level (fig. 5). Although this modulation isn't 
sinusoidal, it has a more definitive pitch (400 Hz 
would be another good frequency and could easily 
be obtained by changing the RC constants in the 
relaxation oscillator). 

I made no attempt to modify the rf head, although 
it's tempting to make the GDO entirely solid state by 
replacing the 955 tube with an fet. 


MODULATION OCTAL SOCKET 

IN TO ff F HEAD 



fig. 2. Improved power supply for the Measurements Corporation model 59 using modern devices. Design results in higher 
efficiency and longer life for this essential part of the circuit. 
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I built the meter/power supply into an LMB-W1A 
box, and screwed the wooden coil block onto the 
back. I then drilled a small slot into one upper edge 
of the W1A cabinet so that the hook on the rf head 
could engage it. 

Measurements Corporation's successor, as well 
as their "standard of the industry" grid-dip meter, 
are both very much alive. The company is now a 
subsidiary of the McGraw Edison Company, Man¬ 
chester, New Hampshire. The new GDO is called 
the model 159, but it remains pretty much the same 
old unit as its predecessor, the model 59. Incidental- 



fig. 4. Equivalent circuit in the model 59 when using the unit 
for internal modulation. The 120-Hz modulation from the 
5Y3 cathode, which appears on the 955 oscillator plate, 
causes ambiguous results. A better circuit is shown in fig. 5. 
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fig. 5. Simple modification to the Measurements Corpora¬ 
tion model 59 600 to provide 1-kHz modulation. 


ly, for those (like myself) who have a couple of coils 
missing, it's still possible to get single replacements 
from McGraw Edison; they are located at Grenier 
Field Municipal Airport, Manchester, NH 03103. 

ham radio 





INTRODUCING OUR NEW AMP 
MODEL 2 M 10 - 2 S 0 P 

• 3 watts in. 125 watts output. 

• 10 watts in. 250 watts output. 

• Linearized amp for SSB use. 

• While many may not need this particular amp. lunar has the capabilities to 
make it available. With Lunar, it's quality and performance first, then power. 

LUNAR'S RECEIVING PRE-AMPS 

These ultra performance receiving preamplifiers are suitable to the 
most demanding needs where low noise figure is important! 

See a dealer or write Lunar for dealer list. 


BI-LINEAR VHF MODELS 

* Covers entire Amateur Band w/o Tuning 

* Built-in Receive Preamplifier 

• Automatic TR Switching 

• Exceeds FCC R&O 20777 Requirements of -60 dB 

• Variable T-R Delay for SSB/CW use 

* Preamp & Power Amp independently Controllable 

* Preamp nom 10 dB gain, 2 dB Overall Nf 

• Functionally Designed Package includes mounting lip 

RttQUCMCV rows* 

■OOCL (Mb) M OUT CUItCMT H X W X 

zuifrtor 144-1 a low MW 124 70 14.0 

VMT1040P 149-174{5 WKx} 10W SOW 124 70 14.0 

1 JW10-70P 220-225 10W TOW 114 70 14J 

2W30-1MP 144-1U 25W lflOW 254 70 14.0 

VNF 30-IMP 12*-144< 3 W*t) XW I MW ZM 70 14.0 

J3M30.140P220.22S 2SW 140W 234 70 14.9 

2M2S-1MP 144-171 25W 150W 254 70 14.1 

34410-250P 144-141 10W 250W 404 70 14.1 


1 WT 
20.3c* l.Ofcg 
20.3c* l.Ofcg 
20.3c* l.Ofcg 
32 5c* l.flfcf 
32.5c* l.«*g 
323c* 1-fcfcg 
32.5c* 1»4 
42,0c* 2J»f 


met 

S1WJ5 

1229.15 

§199.95 

$249.95 

$299.95 

i»js 

S 4».»5 

91.95 


Models available (or the 143-174 MHz bands. 5 MHz segments. Other models 50 thru 432 
MHz bands plus higher power units out in near future. 


Louis Anciaux 
WB 6NMT 


L#N 4 R 


Of mo electronics 


SO* 11 *9 

SAmWIGO q* »,*»<( 


PRICES ON ALL LUNAR AMPS AND PRE-AMPS WILL BE INCREASED NOV. 15TH. ORDER NOWI 
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positive lead keying 
for the 

Heath HD —lOkeyer 

This is a simple and fast modifica¬ 
tion for the Heath HD-10 keyer for 
use with the newer solid-state trans¬ 
mitters and transceivers that require 
positive keying to ground. The HD-10 
is designed for negative keying. Ex¬ 
amination of the circuit in the manual 
shows a PNP transistor (2N398A) 
with the collector to the keyed line. 
On page 15 of the assembly manual, 
the lead arrangement for the keying 
transistor is shown with instructions 
to bend the base lead closer to the 
emitter. For solid-state units, remove 
Q8 from its socket, bend the base 
lead closer to the collector, and re¬ 
place the transistor in its socket. 

In my case, I used a 2N1305. Since 
the keying current is small (5 milli- 
amperes), most any PNP transistor 
will do if one wishes to keep the origi¬ 
nal 2N398A for resale purposes. This 
modification takes about ten minutes 
because of the time required to re¬ 
move the printed circuit board and 
replace it. No external buffer is re¬ 
quired. 

Richard Jasper, W4VAF 


response and put a filter between the 
product detector and the subsequent 
audio stages. 



fig. 1. Schematic diagram of the changes 
made to the Drake R4C to eliminate the 
50-kHz BF0 feedthrough into the audio 
system. 

The following simple circuit 
changes (see fig. 1) are an effective 
cure for the problem. 

1. Change C99 to0.1 fi F 

2. Connect a 0.002-/*F capacitor in 
parallel with R83 

3. Change C100 to 0.47 jtF, im¬ 
proving the low-frequency audio 
response 

4. Connect a 0.1-juF capacitor 
from the wiper of R72 to ground 

5. Connect an 88-mH toroid, with 
a 0.01-/*F capacitor in parallel, 
between the audio gain control 
and the product detector output 


cleaner audio for the R-4C 

The Drake R-4C offers many at¬ 
tractive features for the weak-signal 
enthusiast (excellent AGC, noise 
blanker, and selectable i-f filters). 
However, a major annoyance is the 
large amount of hiss in the audio. 
This hiss can be traced to the 50-kHz 
BFO feeding into the audio circuit. An 
effective cure is to roll off the audio 


6. Connect a 0.01 -jiF capacitor 
across the output of the product 
detector 

7. Replace Cl03 with a 0.005-/iF 
capacitor 

8. Change C175 to 100 ^F 

These changes will eliminate the 
hiss and also clear up the low-fre¬ 
quency distortion. 

Steve Powlishen, K1FO 


crowbar circuit 
for the HWA-2036-3 

Recently I had a problem with my 
HWA-2036-3 power supply which 
caused the driver transistor to fail. 
The cause of this failure was that the 
collector of the 2N3055 pass transis¬ 
tor and the mounting screw (on rear 
chassis) failed to make contact, 
thereby placing the entire load on the 
driver transistor. An inspection 
showed that I had forgotten the small 
3-mm (1/8-inch) spacers in the plastic 
cover over the pass transistor. These 
spacers are very important because 
they force contact between the 
mounting screws and the pass-tran¬ 
sistor case. 

The resultant failure caused ap¬ 
proximately 24 Vdc to be applied to 
the HW-2036. This increase in volt¬ 
age caused the receiver's audio chip 
(TBA820) to burn out. I was lucky 
that nothing else went up in smoke. 
If the HW-2036 had been in the trans¬ 
mit mode, many hard to replace com¬ 
ponents would have been destroyed. 

To solve this problem, I decided to 
build a simple "crowbar" circuit, 
within the power supply, which 
would blow the dc fuse if the output 
voltage exceeded 15 volts. The crow¬ 
bar circuit is quite simple and easy to 
construct; it can be placed on a small 
printed circuit board or mounted on 
terminal strips. But, modification of 
the HWA-2036-3 requires some me¬ 
chanical work. The dc fuse has to be 
relocated to a point ahead of the reg¬ 
ulator instead of at the power supply 
output. This was done to protect 
the transistors and regulator chip. 
When the fuse is blown, it removes 
voltage from the entire regulator. 

The following steps are required 
for this modification: 

t. Referring to the circuit board 
X-ray picture on page 30 of the man¬ 
ual, cut the trace at a point opposite 
the diode D2 (it's pretty wide here). 
This will separate the filter section 
from the regulator section. 
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2. Drill two small holes (no. 55 drill 
[1.3 mm]) in the trace just below the 
one cut in step 1. This trace connects 
to Gl's collector and one side of R2. 
(These holes will be used for wire 
connections.) 

3. Disconnect the red wire from 
point C on the circuit board and re¬ 
solder it in one of the holes just 
drilled. 

4. Disconnect all wires from the dc 
fuse socket. 

5. Disconnect the wires from the 
DC Regulated post on the printed 
circuit board. 

6. Disconnect the white wire from 
A on the board. 

7. Solder a jumper wire from point 
A to DC Regulated on the board. 

8. Solder the red wire which goes 
through the grommet to the plug on 
the rear panel to the DC Regulated 
post on the printed circuit board. 

9. Solder a red wire to the remain¬ 
ing drilled hole and solder the other 
end of this wire to one side of the dc 
fuse holder. 

10. From the other side of the dc 
fuse holder, solder a red wire to 
point C on the board. (Just above 
diodes D1 and D2.) 

This in effect relocates the dc fuse 
between the filters and the regulated 
section of the power supply (referring 
to the circuit diagram, at a point 
between Cl and R2/Q1's collector). 

Now that the power supply has 



fig. 1. Schematic diagram of the simple 
crowbar circuit used to protect the out¬ 
put of the HWA-2036-3 power supply. 
The Zener diode is rated at 15 volts, 1 
watt. The SCR is rated at 100 volts, 8 
amps, but other SCRs can be used. 


been modified, the crowbar circuit 
can be constructed and installed. 
Referring to fig. 1, you'll note that 
there are only 5 components, an 
SCR, 2 resistors, a Zener diode, and 
a bypass capacitor. Also note that 
there are only 3 connections, marked 
PLUS, FUSE and GND, 

PLUS is connected to the printed cir¬ 
cuit board at the DC Regulated ter¬ 
minal post. 

FUSE is connected to the dc fuse 
holder on the same terminal as the 
red wire from R2/G1. 

GND is connected to chassis ground. 

Once the SCR has fired and blown 
the dc fuse, the transceiver is pro¬ 
tected from damage due to over¬ 
voltage. But, don't just replace the 
dc fuse and expect it to take off and 
work properly. The reason the fuse 
blew in the first place indicated 
trouble in the power supply. First, 
disconnect the transceiver, take the 
case off the power supply, and dis¬ 
charge the filter capacitor, Cl. The 
SCR will blow the fuse and save your 
transceiver, but it will not discharge 
the filter capacitor. After the capaci¬ 
tor has been discharged, normal 
troubleshooting procedures can be 
used to locate faulty components. As 
a final note, use a fast blow fuse in 
the dc fuse holder. 

James T. Conner, W3HCE 

external speaker and 
tone pad for the HR-2B 

The Regency HR-2B transceiver 
provides screw terminals at the rear 
for connecting an external speaker. I 
found this method to be rather awk¬ 
ward since I'm frequently removing 
the rig from the car. By carefully 
prying the ears up on the terminal 
strip, the individual screw terminals 
may be removed. The remaining 
holes are large enough to permit the 

*Touch-Tone is a registered trademark of the Ameri¬ 
can Telephone and Telegraph Company. 


installation of miniature phone jacks. 
I used one closed-circuit jack for nor¬ 
mal-through internal speaker opera¬ 
tion and an open-circuit jack for plug¬ 
ging in the Touch-Tone * pad. When 
the mating plug is inserted into the 
speaker jack, the internal speaker is 
muted and the external speaker is op¬ 
erative. Thus, connect/disconnect 
for mobile/base use is rapid and easy. 

Paul Pagel, N1FB 

setting 2-meter 
receivers using hf 
harmonics 

In the absence of a counter or 
other suitable piece of test equip¬ 
ment, a surprisingly good job of set¬ 
ting a 2-meter fm receiver on frequen¬ 
cy can be done using the harmonics 
from a 15- or 10-meter transmitter. 
This assumes that the transmitter or 
its companion receiver has reliable 
dial calibration. In my case, I depend 
on my Collins 75A4 as the frequency 
standard, since its dial can be read to 
100 H2 increments with little diffi¬ 
culty, and it tracks to within 100 Hz 
between 100 kHz calibration points. 

To set the 2-meter receiver on fre¬ 
quency, divide the desired channel 
frequency by five, tune the 10-meter 
receiver to that frequency, zero beat 
the transmitter, and zero the 2-meter 
receiver on the transmitter harmonic. 
If your transmitter doesn't cover all 
of 10 meters (147 MHz/5 = 29.4 
MHz), the same trick can be done on 
15 meters using the seventh har¬ 
monic for frequencies above 147 
MHz. (147 MHz/7 = 21.0 MHz). It 
may be necessary to temporarily 
remove your low-pass filter to hear 
these harmonics. Make sure you are 
not tuning up on top of someone on 
15 or 10 when you are doing this. 

Using this technique, it should be 
possible to set a 2-meter fm receiver 
to within 1 kHz or less. Once the re¬ 
ceiver frequency is set, most radios 
have provision for zeroing the trans¬ 
mitter to the receiver. 

John Becker, K9MM 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 142. 

Reflector Antennas 

This is a book in the IEEE Press Se¬ 
lected Reprint series, prepared under 
the sponsorship of the IEEE Antennas 
and Propagation Society. While the 
book could have been well titled by 
any of a number of catchy modern 
phrases, its title, Reflector Antennas, 
sums it up nicely. The book is about 
reflector-type antennas, and it thor¬ 
oughly covers the subject. 

Editor A. W. Love has selected 
some 65 articles for reproduction in 
this book, and they are placed in nine 
distinct categories of interest. Some 
of the papers are classics well deserv¬ 
ing of a place in your library: "Para¬ 
bolic Antenna Design for Micro- 
waves" by C. C. Cutler, from the Pro¬ 
ceedings of the IRE, November 1947, 
for example; and "On the Simulation 
of Fraunhofer Radiation Patterns in 
the Fresnel Region" by D. K. Cheng, 
from the IRE Transactions on Anten¬ 
nas and, Propagation, October 1957. 
Not all of the reprinted papers are 
from IRE or IEEE publications; you'll 
find some from the Bell Systems 


Technical Journal[ Electronics Let¬ 
ters, The Microwave Journal, and 
others. 

Reflector Antennas is an educa¬ 
tional volume, long on theory and the 
mathematics necessary to support 
the theory. It is also historical in that 
it follows — through the papers 
selected — the development of re¬ 
flector antennas from the simple par¬ 
aboloid to the more complex reflector 
sections with specialized feeds. In his 
opening paper, editor Love recounts 
the very beginnings of microwave 
energy and the use of reflector anten¬ 
nas as part of the exploration of it. 
His paper is reprinted from Radio 
Science, August/September 1976, 
and in it he reminds us of work done 
by an Indian physicist, J, Chunder 
Bose, who, at the Royal Institution in 
London in 1897, set up a microwave 
spectrometer using a horn antenna, 
plane and cylindrical mirrors, a dielec¬ 
tric prism, and a hollow waveguide 
radiator. Some of his experiments 
used a wavelength as short as 5 mm! 

Reflector Antennas traces micro- 
wave industry from early experiments 
through World War II radar and the 
feed systems necessary for defense- 
oriented microwave radiators, then 
into the modern space-age require¬ 
ments for very large paraboloidal and 
spherical reflectors with Cassegrain 
and dual-mode feeds used for today's 
globe-spanning communications- 
satellite and radio-astronomy 
systems. 

If the material presented in this 
book is not enough to satisfy your 
need for knowledge in the microwave 
antenna field, the extensive bibliog¬ 
raphies at the end of each section will 


provide a source of reading which will 
keep you thoroughly immersed in the 
field for as long as need be. 

Reflector Antennas , 428 pages, 
8-1/2 x 11 inches, is available from 
Ham Radio's Communications Book¬ 
store, Greenville, New Hampshire 
03048. Order JW-RA, $14.95 plus 40 
cents shipping and handling. 

ssb transceiver 



A new 100-watt minimum PEP 
single sideband mobile transceiver 
has been introduced by Swan Elec¬ 
tronics, a subsidiary of Cubic Corpor¬ 
ation. The 100 MX mobile transceiver 
is completely solid state and in¬ 
corporates state-of-the-art design 
and styling. It features a highly reli¬ 
able, extremely stable Permeability 
Tuned Oscillator (PTO) with 1-kHz 
readout resolution; built-in noise 
blanker and VOX; semi-break-in CW 
with sidetone; Receiver Incremental 
Tuning (RIT); 25-kHz built-in calibra¬ 
tor and preselector for transmit and 
receive. 

Frequency ranges for the new unit 
are: 80 meters (3.5-4.0 MHz), 40 
meters (7.0-7.5 MHz), 20 meters 
(14.0-14.5 MHz), 15 meters 
(21.0-21.5 MHz), 10 meters 
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s — s- scr 1000 —a *—v 

Standard of Comparison 

IN VHF FM REPEATERS! 

2M&220MHZ 



Now Available with Autopatch — 
and Many Other Options! 

Now Spec Comm has taken the hassle out of putting an 
autopatch repeater on the air! The SCR1000/SCAP is a fully self- 
contained 30 watt repeater with built-in autopatch and land line 
control . You simply plug in the phone line, hook up the duplexer, 
and you’re on the air! The usual months of problems are 
eliminated! The SCR1000/SCAP has been meticulously 
engineered to provide the smoothest performing patch together 
with a positive land line control of the repeater. Just look at all 
these features: 


(28.5-29.0 MHz). Modes of operation 
include USB, LSB, and CW, Extend¬ 
ed frequency coverage in 500-kHz 
segments of the TO-meter band 
(28.0-28.5; 29.0-29.5; 29.5-30.0) is 
achieved by replacing the standard 
crystal with an optional crystal for the 
desired segment. No realignment is 
required. 

The receiver sensitivity is better 
than 0.35 ,uV at 50 ohms for 10 dB sig¬ 
nal plus noise-to-noise ratio for all 
bands. Audio output is four watts in¬ 
to a 4-ohm load. Audio bandpass 
response is 300 to 3000 Hertz. Provi¬ 
sions for an external speaker or head¬ 
phones are on the rear panel, and a 
gimbal-type mobile mount is included 
as standard equipment. For addition¬ 
al information contact Chuck Ins- 
keep, Director of Marketing, Swan 
Electronics, 305 Airport Road, 
Oceanside, California 92054. 


memory control 1C 



A one-chip message memory con¬ 
trol 1C has been introduced by Curtis 
Electro Devices. Called the 8047, this 
28-pin CMOS device requires only a 
2102 (IK x 1 RAM) or equivalent 
memory 1C plus an 8043/8044 or 
equivalent keyer to provide a pro¬ 
grammable set of four 32-character 
CW messages. 

Features include variable pause 
repeat and automatic "end-of-mes- 
sage" reset. A unique 'Instant start" 
(non-freerunning) message load sys- 


Features: 

• Normal patch, or secure “reverse*' 
patch accessed by control op. 

• 3 digit anti-falsing access — single 
digit disconnect 

• 3 digit on-off control of repeater 
transmitter 

• Patch access and repeater ON/OFF 
control — either over the air or over 
the land line! 


* 4 sec. time limit on access 

• Built-in adjustable time-out func¬ 
tion — patch shuts down in 30-90 
sec. if no carrier is received 

* User can mute phone line audio 
simply by keying his mic button — 
prevents embarrassing language 
from being repeated 

• Wide range audio AGC on input 
and output 


The SCR1000/SCAP is a complete Aulopalch Repealer — fully assembled, set-up and 
checked-out In our lab. As with all Spec Comm products, all workmanship and components 
are of the very highest quality. The price? A very reasonable $1700.00 — complete! ($2195.00 
W/WP641 Duplexer.) (For Rptr., w/o Rcvr. Preselector, deduct $35.00.) Get your order in 

A.S.A.P.i 


• The SCR 1000 — the finest repeater available on the amateur market .. . often 
compared to “commercial” units selling for 3 times the price! This is a 30Wt. 
unit, with a very sensitive & selective receiver. Included Is a built-in AC Supply, 
CW IDer, Rcvr. Preselector, full metering and lighted status indicators/control 
push buttons, crystals, local mic, etc. Also, jacks for emergency power, remote 
control, autopatch, etc. 

• Custom options available; Duplexers, Cable, ‘PL*, HI/LO Power, Touch Tone™ 
Control, 60-70W. Transmitter, Racks, etc. Inquire. 

• The Spec Comm Repeater System ... a sound investment. . . available only by 
direct factory order. SCR1000 . . .$1150.00 ($1065.00 w/o Preselector.) Commer¬ 
cial price somewhat higher. 

IA Full Line of SCR1000 Repeater Boards & Complete Sub- 
I_ Assemblies Are Also Available: Inquire. _ | 

Call or write today and get the details! 

Export Orders — Contact Shere in our International Department. 

. SPECTRUM COMMUNICATIONS J 

V Dept. HN — 1055 W. Germantown Park V 

Norristown, PA 19401 (21S) 631-1710 
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METER 
r:> LINEAR 



Tinrrmni 

DIGS OUT THE WEAK SIGNAL 
AND BOOSTS THE POWER !!! 

Now Wesicom gives you twice the advantage a low noise receiver preamplifier and an output 
power amplifier, all in ihe same package! No modification of your transceiver s required since 
it's all in one high performance, low cost unit The low noise U310 J-FET yields 12dB gain, 2dB 
NF. and the receive amp may De used independent of power amp This unit is a natural for 
OSCAR uplink or long haul weak siqnal TROPO work Available m 90w or 125w 


■ An add-on unit, no internal connections 01 
adjustments required to associated 
equipment 

• Standard Amplifiers operate FM Linear 
Models operate all modes SSB. FM. am, 
RTT1Y, CW 

• Diffused emitter ballasting resistors 
achieve extreme ruggedness under severe 
operating conditions 

• Withstands 20:1 V$WR under specified 
operating conditions 

• "Microstrip" design provides nign staniiny 
and optimum performance over wide band¬ 
width 

• Factory adjusted, no tuning required 


• Mobile mounting bracket included 

• RF sensing T/R switching, adjustable drop¬ 
out delay (SSB/CW Made) 

• Remote keying capability 

• Thermally coupled biasing 

• Reverse Voltage protected 

• Detachable fused power connector 
•Conservatively rated with oversized heat 

Sink 

• Compact 4 1/8x5 1/2 x 2 5/8 

•Red LED indicators for monitoring DC and 
RF 

• One year material and workmanship limited 
warranty 


MODEL 

INPUT 

MINIMUM 

MAXIMUM 


NO. 

POWER 

OUTPUT W. 

CURRENT 

PRICE 

(two meter) 

(watts) 

(at max Input) 

13.8 VDC 


FM Mode 

2m 15x70 

5 15 

70 

8 

$11995 

2m 15x90 

5-15 

90 

11 

$134 95 

2m 25x125 

10-25 

125 

18 

$164.95 

All Mode-Linearized 

2m 15x701 

2-15 

70 

8 

$129 95 

2m 15x901 

2-15 

90 

11 

$149.95 

2m 25xi25L 

5-25 

125 

18 

$179 95 

All Mode-Linearized 
with pre-amp 

2m ISxQOBL 

2-15 

90 

11 

$179 95 

2m 25.x 125BL 

5-25 

125 

18 

$209 95 


’Linear; AM,CW.FM,SSB.RTTY Linear models work well with low power 
transmitters of 2-3 watts to yield 30-40w output. Size. 4 1/8x5 1/2 x 2 5/8 

If not available from your local dealer, contact: 


ENGINEERING 


1320 Grand Avenue 


California 92069 


San Marcos 


(714) 744-0728 
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tem allows easy and accurate mes¬ 
sage insertion with complete freedom 
of "pause" and "stop" placement. 
Additional 2102's can be added for 
almost unlimited memory storage 
(message length or quantity), 

The 8047 operates from 5 Vdc and 
draws less than 10 mA of current. It is 
priced in single quantities at $39.95. 
An 8047-1 kit containing the 8047, 
sockets, printed circuit board, 2102 
memory, and manual is priced at 
$69.95. For additional information, 
contact Curtis Electro Devices Incor¬ 
porated, Box 4090, Mountain View, 
California 94040; or call (415) 
964-3136. 

TTL and CMOS 
logic probe 

Heath Company, the world's 
largest manufacturer of electronic 
kits, has released the IT-7410/ 
ST-7410 Logic Probes, designed for 
in-circuit testing of TTL and CMOS in¬ 
tegrated circuits. Features include 
switch selection of threshold levels 
for either TTL or CMOS circuitry and 
lamps that turn on when the input 
voltage crosses the appropriate level. 
A memory circuit is incorporated into 
the design of the unit to turn on an 
LED when either threshold level is 
crossed. 

The new probes provide true logic 
level detection at high frequencies 
(not ac-coupled) and will detect 
pulses as short as 10 ns. Upper fre¬ 
quency limits are 100 MHz (TTL or 
CMOS with 5 Vdc squarewave) and 
80 MHz (CMOS at 15 Vdc square- 
wave). Power for the Logic Probe is 
drawn from the circuit under test via 
two spring-loaded, insulated clips. A 
ground lead is provided for high-fre¬ 
quency operation. Probe overload 
protection is 50 Vdc continuous and 
175 Vdc for five seconds. The IT-7410 
is the kit version; the ST-7410 is the 
assembled version. 

For more information about the 
new Logic Probes, which are mail 
order priced at $39.95 kit and $64.95 
assembled, send for your free copy of 
the latest Heathkit catalog. Write 


More Details? CHECK - OFF Page 142 



















Heath Company, Department 
350-690, Benton Harbor, Michigan 
49022. 

keyboard keyer 1C 

A single 1C containing most of the 
electronics for a deluxe keyboard key¬ 
er has been introduced by Curtis Elec¬ 
tro Devices. Called the 8045, the 40- 
pin CMOS device uses one or more 
FSC 3341s, a Curtis 8043 or 8044 key¬ 
er, and a set of keyswitches to pro¬ 
duce the equivalent of the Curtis 
KB-4200 keyboard keyer, including 
an electronic paddle keyer. By adding 
the new 8047 Message Memory Con¬ 
trol 1C, 2102 RAM and a 4028 CMOS 
decoder, the equivalent of a KM-420 
memory is added. 

The 8045 creates a nominal fifty- 
seven position keyboard containing 
all the commonly used letters, fig¬ 
ures, punctuation, space bar, and 
special characters (AA, KN, AS, SK, 
AR) all without shifting. It affords 
two-key rollover for "burst'' typing, 
32/64 character (or more) storage for 
smooth transmission, access to four 
message memories, analog output 
for buffer status meter, full and 
empty buffer indication, plus a pre¬ 
load function. It operates from +5 
Vdc and requires less than 10 mA of 
supply current. 

Priced at $59.95 in single quanti¬ 
ties, the 8054 is available from stock. 
A semi-kit (8045-1) containing the 
8045, 3341, printed circuit board, 
sockets, and edge connector is priced 
at $89.95. (The 8044-4 keyer semi-kit 
is priced at $54.95.) For further infor¬ 
mation contact Curtis Electro Devices 
Incorporated, Box 4090, Mountain 
View, California 94040; or call (415) 
964-3136. 

desoldering wick 

Chemtronics Incorporated has 
announced the latest addition to its 
popular line of solder and industrial 
chemical products, the D5 Desolder¬ 
ing Tool. This unique new product, 
which features Chemtronics' highly 
effective desoldering wick in a 


CUSHCRAFT 
IS THE VHF-IIHF 



COMPANY. 

Cushcraft precision engineered VHF/UHF Yagi beams 
have become the standard of comparision the world 
over for $$B and CW operation on 6 meters through 432 
MHz, Built by skilled craftsmen from the best available 
materials, these beams represent that rare combination 
of high electrical performance, rugged construction, 
and durability 



Merer vagi 



Cushcraft‘s Quad Arrays (or 144. 220. 
and 432 MHz use four matched 
11 -element Cushcratt Yogis and are 
the alternate in a h/gh-performance 
Vagi array These arrays have been 
carefully engineered tor maximum 
forward gain, high front to-back ratio, 
and broad frequency response All 
antennas provide a low VSWR match 
to 50-ohm coaxial feed!me 



C ushciuff s wiao variety of vHr ;'i (HI 
Beornii mcmam an a nfauna for t • y er V 
j i»u .11 eu r a<: 11 v j I y ttf >:> v»? ylj M m ; ,v ho I he* 
local ici(.jchvWing or 'any hau over -trie 
a on/on lAn n K.M..iel'» have 
carefully upfmii/fx.i tor hvgomun > 

Mwuro gam with rfront ?■_> r>ack 
ratio I he heavy wan bright tiara at awn 
aluminum Dooms and olomenK ar* < 

Car ntgif'H a with heavy ton i ted i.itiiti wnui i \ 
ufacKeh, on a prated mot Kiting 
»tat aware tor long operating life ana 
sv.i rv i v al i n se ve r r * v/ect t h er 






CORPORATION 


UPS shippable 

In Stock With Dealers World Wide PO Box 4680. Manchester. N H 03108 
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am I □ 

Specialize -J 


□ 0 N 


Ahmth 


IN IRON POWDER AND FERRITE MATERIALS 


SHIELDED COIL FORMS 
FERRITE RODS 


SHIELDING BEADS 
TOROIDAL CORES 


Baiun Kits 


FREE Tech-Data FLYER 

ON FERROMAGNETIC MATERIALS 


Large Stock 


FAST, DEPENDABLE SERVICE SINCE 1963 
12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607 


HAND HOLDING? 


LET 


DATA SIGNAL pul rings on your fingers . . 

with our SUB-MINIATURE ENCODERS 

The world’s smallest hand-held goes hand-in- 
hand with the world’s smallest, lightest and 
least expensive T-T Pads. 

MODEL SME — Smallest available Touch Tone Encoder. Thin, 
only .05" thick, keyboard mounts directly to front of hand- 
held portable, while sub-miniature tone module fits inside. 

This keyboard allows use of battery chargers, Price $29.00, 
with your choice of keyboards. SME {less keyboard) $24.00 


DTM 


SME 


MODEL DTM — Completely self-contained miniature encoder 
for hand-held portables. Only 5/16" thick. Three wire con¬ 
nection. Automatic PTT keying optional. With your choice of 
keyboards. Price DTM - $39.00, DTM-PTT - $49.00. 

’Touch-Tone is a registered trade name of AT&T. 


. . . Jlncl (Bells on your cJoes 

with our AUTOPATCH - Ready to go! 


' . . - . — . . . . . . niNATSH AUTO PATCH 

A Complete Autopatch facility that requires only a repeater 
and a telephone line. Features include single-digit access/ 
disconnect, direct dialing from mobile or handheld radios, 
adjustable amplifiers for transmitter and telephone audio, and 
tone-burst transponder for acknowledgement of patch dis¬ 
connect. 

RAP-200 P. C. Card $199.50 

RAP-200R Rack Mount $249.50 


Be sure to ask about 
our new keyers and CW 
memory for CW buffs . 


DATA SIGNAL, INC. 

2403 COMMERCE LANE ALBANY, GEORGIA 31707 
912-883-4703 , 


FH 


specially engineered, refillable dis¬ 
penser, helps technicians desolder 
more efficiently while economizing 
on wick use. D5 may be used alone, 
or as an integral part of Chemtronics' 
new SD5 Solder/Desolder System. 

The D5 Desoldering Tool consists 
of a 2.5-cm (1-inch) clear plastic cyl¬ 
inder which contains a visible supply 
of 1.5 meters (5 feet) of the com¬ 
pany's specially formulated desolder¬ 
ing wick. Braid is fed to the work 
through a 6.4-cm (2-1/2-inch) Teflon 
probe that extends from one end of 
the wick supply. The heat-resistant 
Teflon probe allows you to desolder 
with pinpoint accuracy, even in high- 
density circuitry. In addition, the D5 
Tool's exclusive probe permits the 
user to shape or "web" the wick, pro¬ 
viding maximum absorbency and fur¬ 
ther economizing on wick use. When 
the wick supply is exhausted, the 
user simply snaps the probe into the 
D5 Desoldering Tool Wick Refill. 

Chemtronics' pocket-sized D5 De¬ 
soldering Tool is available alone, or as 
part of the SD5 Solder/Desolder Sys¬ 
tem. D5 wick refills are also available, 
allowing the D5 Tool to be economi¬ 
cally reused for years. More informa¬ 
tion is available at Chemtronics 
distributors or directly from Chem¬ 
tronics Incorporated, Solder Prod¬ 
ucts Division, 45 Hoffman Avenue, 
Hauppauge, New York 11787. 

DenTron's new 
MLA-1200 linear 
amplifier 

The DenTron MLA-2500 now has 
a little brother, the new MLA-1200. 
Featuring super-compact design and 
a choice of ac or dc power supplies, 
the MLA-1200 is capable of 1200 
watts PEP ssb service or 1000 watts 
on CW. A single Eimac 8875 allows 
long separation between the amplifier 
and power supply, plus minimum 
drive requirements of only 70 watts 
for the 1000-watt power level. The 
MLA-1200 is designed with the same 
state-of-the-art concepts that go 
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into the MLA-2500, and offers a bud¬ 
get-minded alternative for the ama¬ 
teur who doesn't need the 2000-watt 
continuous power level. The MLA- 
1200 is on your DenTron dealer's 
shelf right now, priced at $399.50 
for the amplifier, $159.50 for the 
AC-1200 supply, and $199.50 for the 
DC-1200 power supply. For more in¬ 
formation write to the DenTron Radio 
Company, 2100 Enterprise Parkway, 
Twinsburg, Ohio, 44087. 


CSC 500-MHz low-cost 
prescaler 



Continental Specialties Corpora¬ 
tion has just introduced an inexpen¬ 
sive 500-MHz prescaler capable of 
extending the performance of any 
50-MHz frequency counter by ten 
times. It features a BNC input con¬ 
nector, diode-protected 50-ohm in¬ 
put, and 250-mV sensitivity from 50 
to 500 MHz. Its output is a minimum 
400 mV (peak-to-peak) capacitively 
coupled signal, available at a phone 
jack connector. Direct or divide-by- 
ten prescale outputs are switch se¬ 
lectable. 

Power is supplied to the unit 
through a coaxial dc-type power con¬ 
nector. Power requirements are 7-12 
Vdc at 100 fiA , maximum. An on¬ 
board voltage regulator assures 
trouble-free operation even from un¬ 
stable power sources. 

The entire PS-500 package is just 
25 x 50 x 89 cm (1 x 2 x 3-1/2 
inches). Suggested resale in unit 
quantities is $59.95, and CSC's full 
dealer margins apply. Available ac¬ 
cessories include 110 and 220 Vac 
power supplies, each $9.95; a power- 
connector to alligator-clip cable at 
$2.95; a cigarette lighter power cord 


Loop Antenna 



Here Is an exciting new device to Improve your reception on 160, 80, 
the broadcast band, and on VLF. 

It Is well known that loops pick up far less noise than most other 
antennas. And they can null out interference. Now Palomar Engineers 
brings you these features and more In a compact, carefully engineered, 
attractive desktop package. 

Unlike ordinary direction-finder loops, It tilts to match the incoming 
wave front. The result: Deep nulls up to 70 db. You have to listen to 
believe it! 

Does the Loran on 160 give you a headache? The loop practically 
eliminates it. Broadcast station 2nd harmonic ruining your DX? Turn 
and tilt the loop and It's gone. Does your friend in the next block with 
his kilowatt block those weak ones? Use the loop and hear him fade out. 

Loop nulls are very sharp on local and ground wave signals but usually 
are broad or nonexistent on distant skywave signals. This allows local 
interference to be eliminated while DX stations can still be heard from 
all directions. 

The loops are Litz-wire wound on RF ferrite rods. They plug into the 
Loop Amplifier which boosts the loop signal 20 db and isolates and 
preserves the high Q of the loop. The tuning control peaks the loop and 
gives extra preselection to your receiver. 

Plug-in loops are available for these bands: 

150-550 KHz (VLF) 

540-1600 KHz (Broadcast) 

1600-5000 KHz (160 & 80 meters) 

Send for free descriptive brochure. 

Order direct. Loop Amplifier $67.50; Plug-in Loop Antennas $47.50 
each [specify frequency band). Add $2 packing/shipping. Calif, 
residents add sales tax. 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 
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ALL BAND TRAP ANTENNAS 


-<nrrrn>w- 




PRETUNED - COMPLETLY ASSEMBLED -\M FOR ALL MAKES A MODELS OF AMATEUR 
ONLY ONE NEAT SMALL ANTENNA FOR J TRANSRECEIVERS - TRANSMITTERS - 
UP TO 6 BANDSI EXCELLENT FOR CON- //l GUARANTEED FOR 2000 WATTS SSB 
GESTED HOUSING AREAS - APARTMENTS KLf tOOO WATTS CW. FOR NOVICE AND ALL 
LIGHT -STRONG - ALMOST INVISIBLE I ^ CLASS AMATEURSI 

COMPLETE AS SHOWN with 90 ft. RG58U-52 ot»m fecdHne, ind PL259 connector, ln«uletor«, 30 ft. 
300 lb. to«t dacron end supports, center connector with built In llghntng arrester and itatlc discharge - 
molded, sealed, weatherproof, resonant traps rXQ*‘-yog Just switch to band desired for excellent worldwide 
operation - transmitting and reclavlngl WT. LESS THAN 6 LBS. 

160-80-40-20-t5-10 bands 2 trap-138 ft with 90 fL RGS8U - connector - ModeITTTBU . ..$54*95 
80-40-20-15-10 bands 2 trap — 102 ft. with 90 fL RG5BU - connector - Model 998BU - . .$49.95 
40-20-15-10 bands 4 trap —54ft. with 90 ft. RG58U coax - connector - Model 1001BU . , ,$4 8.95 
20-16-10 bands 2 trap — 26 ft. with 90 ft. RG58U coax - connector - Modsl 1007BU .... $47.95 
SEND FULL PRICE FOR POST PAID INSURED DEL. IN USA. (Canada Is $5.00 extra for postage - 
clerical - customs - etc.) or order using VISA Bank Amaricard - MASTER CHARGE - AMER. EX¬ 
PRESS. Give number and e*. date. Ph 1-308-236-5333 SAM - 6PM week days. We sWp In 2-3 days. 
PRICES MAY INCREASE SO - ORDER NOW AND SAVE I All antennas guarsnteed for 1 year. Money 
back trial I Made In USA . FREE INFO. AVAIL ABLE ONLY FROM. 

WESTERN ELECTRONICS Dept. AR- II Koarnoy, Nebraska, 68847 


QUALITY KENWOOD TRANSCEIVERS 
... from KLAUS RADIO 


at $3.95; a three-foot BNC-to-BNC 
input cable at $5.95; and a three-foot 
phono-plug to phono-plug output 
cable at $3*95, 

The PS-500 links directly with 
CSC's MAX-100 MHz frequency 
counter ($134.95), and their new 
Mini-Max 50-MHz handheld fre¬ 
quency counter ($89.95) to extend 
the range of either counter. In addi¬ 
tion, it can be used with almost every 
counter available. 

For additional information, contact 
Continental Specialties Corporation, 
70 Fulton Terrace, New Haven, Con¬ 
necticut 06509; phone (203) 
624-3103. 


The TS-820S is the rig that is the 
talk of the Ham Bands. Too many 
built-in features to list here. What 
a rig and only $1098.00 ppd. in 
U.S.A. Many accessories are also 
available to increase your oper¬ 
ating pleasure and station ver¬ 
satility. 




TS-700SP 

2M TRANSCEIVER 


Guess which transceiver has made 
the Kenwood name near and dear 
to Amateur operators, probably 
more than any other piece of 
equipment? That’s righl, the TS- 
520S. Reliability is the name of 
this rig in capital letters. 80 thru 
10 meters with many, many built- 
in features for only $739.00 ppd. 
in U.S.A. 


160-10M TRANSCEIVER 

Super 2*meter operating capability 
is yours with this ultimate design. 
Operates all model;: SS8 (upper 
& lower), FM, AM and CW. 4 MHz 
coverage (144 lo 148 MHz). The 
combination of this unit’s many 
exciting features with the quality 
& reliability that is inherent in 
Kenwood equipment is yours for 
only $729.00 ppd. In U.S.A. 



TR-7400A 

2M MOBILE TRANSCEIVER 


TS-520S 
80-10M TRANSCEIVER 

This brand new mobile transceiver 
(TR-7400A) with the astonishing 
price tag is causing quite a com¬ 
motion Two meters with 2SW or 
10W output (selectable), digital 
read-out, 144 through 148 MHz 
and 800 channels are some of the 
features that make this such a 
great buy at $399.00 ppd. in U.S.A, 


Send SASE NOW for detailed info on these systems as well as on many other fine 
lines. Or, better still, visit our store Monday thru Friday from 8:00 a.m. thru 5:00 p.m. 
The Amateurs at Klaus Radio are hero to assist you in the selection of the optimum 
unit to fullfill your needs. 

KIAUI radio me 

8400 N. Pioneer Parkway, Peoria, IL 61614 
Jim Plack W9NWE — Phone 309-691-4840 


improved 2-meter rig 
from Heath 
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transmitter key up. Other HW-2036A 
features include subaudible tone en¬ 
coding, built-in 5 and 11 Vdc regula¬ 
tors, a hash filter/regulator, and a 
gimbal mount. A standard push-to- 
talk microphone is included in the 
HW-2036A-2 kit at the mail-order 
price of $269.95. When HW-2036A-1 
(illustrated) is specified, the standard 
microphone is replaced by the HD- 
1984 Micoder II combination micro¬ 
phone/tone-button pad. The HW- 
2036A-7 sells for $289.95. Both 
prices are mail order FOB Benton 
Harbor, Michigan. 

For more information about the 
upgraded HW-2036A and a free cata¬ 
log, write Heath Company, Dept. 
350-640, Benton Harbor, Michigan 
49022. 


precision tuning devices 

Two new series of miniature multi¬ 
turn trimmer capacitors with Teflon 
dielectric have been added to the 
Tetfer line manufactured in Croydon, 
England. Type TPC trimmers have 
printed-circuit tags arranged for 
through-board mounting; the capaci¬ 
tor occupies an 8.4-mm (11/32") 
diameter hole cut in the circuit board, 
the tags being pushed into place 
from below. This minimizes pro¬ 
trusion above and below the board. 

Type INS trimmers have the rotor 
insulated with a nylon extension- 
piece to prevent the adjusting screw¬ 
driver from influencing the capaci¬ 
tance setting. Tetfer capacitors are 
cylindrical (brass-teflon-brass) with a 
circular ceramic base. The multi-turn 
screwdriver adjustment — each com¬ 
plete turn alters capacitance by about 
1 pF — provides very fine tuning and 
exceptional stability. There are four 
models with capacitance swings of 
5, 10, 15, and 20 pF. Existing versions 
plug into the circuit board from 
above, with a choice of horizontal 
or vertical adjustment. 

New models of the Jackson Broth¬ 
ers TX5 vane-type transmitter-capaci¬ 
tors have also been announced. One 


All Bands 
Preamplifier 



• Improved reception. For receivers and transceivers. 

• Continuously tuneable 1.8-54 MHz. Covers all amateur 
bands 160 to 6 meters; all shortwave broadcast bands. 

• Low noise figure. Up to 20 db gain. Reduces image and 
spurious response. 

Here is an exciting new device to improve your reception 
on all bands 1.8 to 54 MHz. It gives up to 20 db extra gain 
and the low noise figure of a dual gate FET to pep up your 
noisy receiver or transceiver. And it adds a high Q tuned 
circuit to give improved overload capability and image 
reduction. Makes that tired old rig come to life again. 
Even helps new models dig into weak signal territory. 

Works with all transceivers up to 350 watts input power. A 
unique and improved circuit automatically bypasses the 
preamplifier when the transceiver transmits. The bypass 
delay is continuously variable by front panel control. 

The low profile cabinet takes minimum operating table 
space. A heavy die cast case gives better shielding and 
isolation, size; 6” x 7” x 2” high. A built-in 117 volt AC 
supply and a connecting coaxial cable for the transceiver 
are included. 

Order yours now! Price $89.50 plus $2 shipping/handling 
U.S. & Canada. Calif, residents add sales tax. 


Palomar Engineers 

Box 455, Escondido, CA. 92025 • Phone: [714] 747-3343 
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Heavy Duty Power Supplies 
from ASTROIM 

High Quality • Rugged • Reliable 


SPECIAL FEATURES 

• SOLID STATE ELECTRONICALLY REGULATEO 

• FOLD BACKCURRLNI LIMITING Protects Power Supply Irom 
excessive current & continuous snorted output 

• CROWBAR OVER VOLTAGE PROTECTION on Models RS-7A. 
RS-I2A. RS-20A. &RS-35A 

• MAINTAIN REGULATION & LOW RIPPLE al low line input Voltage 

• HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

• THREE CONDUCTOR POWER CORD 

• ONE YEAR WARRANTY • MADE IN USA. 

PERFORMANCE SPECIFICATIONS 

• INPUT VOLTAGE 105 -125 VAC 

• OUTPUT VOLTAGE: 13.8 VDC ±0.05 volts 
(Internally Adjustable 1M5 VDC) 

• RIPPLE: Less man 5mv peak to peak (lull load & low line) 

,* REGULATION ± 05 volts no load to lull load & low line to high line 



ASTRON 35 AMPREGULATEO 
POWER SUPPLY Model RS-35A 
25 Amps continuous 
35 Amps ICS “ 

5” (HI x 11” (W) x H"(D) 
Shipping Weight 28 lbs. 

Price.$136.95 


Other popular POWER SUPPLIES also available: {Same features and specifications as atrove) 


Model 

Continuous Duty (amps) 

ICS # 

(amps) 

Size (in.) 

H x W x D 

Shipping 
Wt. (lbs.) 

Price 


16 

20 

5x9x9 

19 

$94 95 


9 

12 

4x8x9 

13 

$72.95 

RS-7A 

5 

7 

3V« X 6 X IV} 

Vh 

$49 95 

RS-4A 

3 

4 

3»/« x 6 x IVi 

5 

$39,95 


*ICS — intermittent Communication Service (50% Duty Cycle) 

II not available at your local dealer, please contact us directly. 


A8TROISI CORPORATION 

1971 SOUTH RITCHEY ST., SANTA ANA, CA 92705 (714) 835-0682 


CURTIS LSI’s 


speak 
MORSE 

* 8044; Keyer-On-A-Chip* (RtpuwteiH3). $14.95 

Apr 75 HR, Ftb 76 Q8T, Radta Mbk 75, Apr Hrftk 77*78 


* 8044*3;IC,PCB,Socket,Manual-24.95 

* 8044*4; Semi-Kit. 54.95 

A 8045;MorseKeyboard-On-A-Chlp 1C...59.95 
A 8045*1; IC.PCB.FTFO,Sockets,Manual.. 89.95 

A 8045*2;Seml-KIt...... .159.95 

A 8048; Instmctokeyer-On A-Chlp.49.95 

A 8046-1;Semi-Kit__......79.95 

* 8047; Message Memwy-On-A-Chip 1C.. 39.95 
8047*1; 1C,PCB,BAM,Sockets,Manual.. 69.95 

(idd $1.75 on ibovt tor pMttg* and handing) 
EK-430; CMOS Keyer* {Ftb78 Ml) ....... 124.95 

0M48A; Instructokeyer* (M«76asT) >... 224.95 

*iww with diih memory at itandttt! 


System 4000 Hem Computer (iwJm 7s qstj (write) 
Curtis Electro Devices, Inc. 

(416) 964*3136 

Box 4090. Mountain Vlaw, CA 94040 
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UNIVERSAL 

TOWERS 

FREE STANDING 
ALUMINUM TOWER 
10' to 100' 

Prices Irom 
$128.00(30 ) 

MOST 

POPULAR 



HAM TOWER 


EVER MADE! 


REQUEST 

NEW CATALOG 

OF 

TOWERS & 
ANTENNAS 

Communication Specialists 
Midwest Ham Headquarters 

Formerly Amateur Dlv. of 
Electronic Distributors, tnc. 
now 

GREAT LAKES AMATEUR 
SUPPLY COMPANY 

TOM REED WA8URR 
3993 LORENSON ROAD 
MUSKEGON, M! 49445 
TEL.: (616)766-3668 


version has Teflon interleaves in the 
air spaces between the vanes to pro¬ 
vide a higher voltage/capacitance 
ratio per unit volume. Another has 
the shaft mounted in roller bearings 
to reduce the drive torque. The ca¬ 
pacitors are made with capacitance 
swings up to 1500 pF and in single¬ 
stator, split-stator, and differential 
versions. Working-voltage ratings 
vary from 2 kV to 6 kV. 

10:1 Reduction Drive. The new 
type 6100 reduction drive introduced 
by Jackson Brothers is designed 
specifically for attachment to single¬ 
turn potentiometers. The 10:1 re¬ 
duction ratio converts the component 
into a high-resolution multiturn po¬ 
tentiometer, and the combination 
costs much less than such a po¬ 
tentiometer. A British potentiometer 
manufacturer is currently supplying 
such combinations in quantity for use 
in consumer radio and TV receivers. 
The drive is a friction-operated epi- 
cyclic ball-drive with automatic pro¬ 
tection against over-adjustment. 

For more information, write to 
Swedgal Electronics, Inc,, 258 Broad¬ 
way, New York, New York 10007. 

Cover Craft dust covers 



Nothing says more about how you 
value your equipment than its appear¬ 
ance — and that's a direct result of 
how you treat it. Most amateurs are 
reasonably careful while using their 
equipment, but when the switches 
are off the matter is forgotten. Dust 
from cleaning, cigarette ashes, spilled 
coffee, bits of wire or solder — all can 
find their way into your gear almost 
any time, so why not protect it by 
covering it up? 

In addition to their protective 
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value, Cover Craft dust covers en¬ 
hance the resale value of equipment; 
cleaner rigs bring more as trade-in or 
flea-market items. Less maintenance 
is required on a clean rig, too. 

Cover Craft covers are made of 
high-quality vinyl, with a special 
finish that lets the features of your 
equipment show through — you're 
not hiding your station when you pro¬ 
tect it. Excellent construction is used; 
all edges and seams are machine- 
stitched for durability and profes¬ 
sional appearance. 

All Cover Craft covers are made to 
precisely fit most popular makes and 
models of equipment. Projections 
and special features are allowed for 
when the material is hand cut and 
sewn. Cutouts at the appropriate 
places make it easy to cover your rig 
without removing any cables. 

You can obtain Cover Craft covers 
for many types of gear: tape decks, 
hi-fi systems, microprocessors, test 
equipment, CB base stations, and, of 
course, all popular makes of amateur 
receivers, transmitters, transceivers, 
amplifiers, and accessories. They'll 
even custom-fit a cover for your own 
design if you'll tell them its size and 
shape. 

Cover Craft dust covers — an in¬ 
vestment in protecting your station. 
For prices and a list of equipment 
they'll fit, write to Cover Craft, Post 
Office Box 555, Amherst, New 
Hampshire 03031. 


frequency counter kit 



A versatile, high-quality, 600-MHz 
frequency counter which features 
accuracy, sensitivity, reliability, and 
low cost has been introduced by 
Davis Electronics. The counter is de- 
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PUNCH UP 

your 

MOST CALLED 
NUMBERS 

at your favorite 
Amateur Radio Dealer 

Look for This Display at 
the Finest Radio Dealers 
everywhere and dis- 
why present 
-1 owners are 
so proud of 
their new 
Auto Dialers. 


• UP TO 18 TELEPHONE or control numbers retrieved with a 
one or two key punch. 

• AUTOMATIC RE-DIAL of last number manually dialed. 

• SAFE AUTOPATCH CALLS even in heavy traffic. 

• 10 NUMBER RAM easily programmed in moments from the 
keypad. 

• OPTIONAL PLUG-IN 8 NUMBER PROM custom-programmed 
by factory is available for $4.95. A Prom Order Card is packed 
with each AD-1. 

• PROGRAMMABLE TONE-LENGTH AND DURATION ensures 
accessing virtually any repeater having strict timing require¬ 
ments. Ask any veteran autopatch user and he will tell you that 
this feature is an absolute must! 

• EASY INTERFACING with virtually any amateur transceiver 
using the coil cord provided. 

• CRYSTAL CONTROLLED TIMEBASE assures high stability 
over a wide temperature range. 

• MADE IN U.S.A. 

All these features and more are possible thanks to the ex¬ 
clusive AEA 197701 MOS Microcomputer Chip. (OEM in¬ 
quiries invited). 




ADVANCED ELECTRONIC APPLICATIONS. INC. 

PO. BOX 2160. LYNNWOOD. WA. 98036 
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ATTENTION KENWOOD & YAESU OWNERS!!! 


L* 


[ ti, P W6TOG 

RECEIVER MODIFICATION KIT 


• INCREASES SELECTIVITY 

• IMPROVES SENSITIVITY 

• LOWERS INTERNAL NOISE 

• COMBATS BLOCKING FROM LOCAL SIGNAL 

• IMPROVES NOISE BLANKER OPERATION 


TS 520 KIT.$2750 

TS 520SKIT. 3250 

TS 820 & 820S KIT 34.50 

FT 101 SERIES Krr . . 3250 
FR- 101 SERIES KIT . . 3450 


EXPLICIT INSTRUCTIONS MAKE MODIFICATION A CINCH 
• WELL KNOWN DXer WITH OVER 300 COUNTRIES CONFIRMED. 


Order from 

S-F AMATEUR RADIO SERVICES 

4384 KEYSTONE AVE., CULVER CITY, CA. 90230 
(213) 837-4870 


IT’S MAGIC—IT’S “MAGICOM 
PROCESSOR MODIFICATION KIT 

IMPROVES AUDIO PUNCH • IMPROVES PROCESSED SPEECH QUALITY 
Converts TS-820 speech processor from RF compressor to RF clipper 


* 


1 


w 


The “MAGiCOM” RF processor module provides up to 6dh increase in output with 
smooth, clean, non-distortecl audio and more penetration for those pile-ups. Price $27.50 


ENDORSED BY W6TOG AND BIG GUN DXers WORLD WIDE 


m 


SATISFACTION GUARANTEED OR MONEY REFUNDED 

All prices postpaid • In Calif, add 6% sales tax - Mastercharge & Visa accepted 
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’THE PROFESSIONAL 



NEW 


MODEL 

CTR-2A 


500 MHz 
& 1 GHz 


COUNTERS 



50 0.3 70 we 




ft 

I ”, 


»!»«**« 


. 



10 mv@ 
150 MHz 


The t\Jew Model CTR-2A Series Counters are designed and built to the highest standards 
to fulfill the needs of commercial communications, engineering labs and serious oxperi- 
mentors. With on accuracy of -* ,00005% (oven option) the CTR-2A can handle the most 
critical measurements and is about halt the cost of other commercial counters, 

II you need a reliable counter at an affordable price, the CTR 2A is the answer, 

• Built-in Pre-Amp lOmv @ 150 MHz • Period Measurement (Optional) 


1 8 Digit ,3" LED Display 

• High Stability TCXO Time Base 

• Built-in VHF-UHF Prescaler 

• Automatic Dp Placement 

• TCXO Std i 2 ppm 

500 MHz Kit CTR 2A-S00K 

500 MH? Assembled CTR-2A-500A 

1GHz Kit CTR-2A 1000K 

1GHz Assembled CTR 2A 1000A 

OPTIONS . . . 

02) Oven Crystal 
03) 43” LED 
04) 12 V-DC 


' Input Diode Protected 
► 1 2V-DC Operation (Optional) 
►Oven Controlled Crystal (Optional) 
i .5 ppm 

' Selectible Gate Times - ,1 & 1 sec. 


£49 95 

10,00 

10.00 


05) 10 sec Time Base 
06) Period 
07) Handle 


$249.95 
349 95 
399.95 
549 95 


$ 5 00 
15.00 
10 00 


PROBES 

Hi-Z 

S15.Q0 

• 

Low Pass 
SI 5.00 


DAVIS ELECTRONICS 636 Slmidon Dr.. Tona.. N Y 14150 716 874 5848 
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signed for 115 Vac or 12 Vdc opera¬ 
tion, and is available either factory- 
assembled or in kit form. The Davis 
7208 frequency counter incorporates 
the latest LSI (large-scale integra¬ 
tion) technology in a wide-range, 
portable instrument measuring only 
14 x 15 x 5 cm (5-1/2 x 6 x 2 
inches) and weighing a mere 0.79 kg 
(1-3/4 lbs), 

Superior features of the Davis 7208 
include a durable, all-metal cabinet 
for rf shielding, large 8-digit LED dis¬ 
play, push-button switches, built-in 
prescaler, gate light, crystal time- 
base, and automatic decimal-point 
placement. Options available include 
a crystal oven, a rechargeable battery 
for total portability, and a built-in 
vhf-uhf preamplifier for direct meas¬ 
urement of low-level rf signals. 

The Davis 7208 has a frequency 
range of from 10 Hz to 600 MHz, with 
0.1 and 1.0 second gate time; resolu¬ 
tion is 1 Hz with the 1.0 second gate, 
10 Hz with the 0.1 second gate, and 
sensitivity is 10 mV at 60 MHz and 
100 mV at 600 MHz. Input impedance 
is 1 megohm and 20 pF to 60 MHz; 50 
ohms above 60 MHz. Time base 
accuracy is ± 1 part-per-million for 
the standard package, or ±0.5 part- 
per-million with the crystal oven. 

The 600-MHz kit (model 7208K), 
which costs $149.95, comes com¬ 
plete with all parts, drilled and plated 
through glass printed-circuit boards, 
cabinet, switches, hardware, plus a 
detailed assembly manual and cali¬ 
brating instructions. Assembfy time 
is about four hours. All parts are 
guaranteed for 90 days and factory 
service is available, if needed. A fac¬ 
tory-assembled 600 MHz unit (model 
7208A) costs $199.95 (plus $2.00 
shipping); it is calibrated to specifica¬ 
tions and guaranteed for one year. 
Optional (01) crystal oven is priced at 
$39.95; (02) rechargeable ni-cad bat¬ 
teries are $39.95; (03) carrying handle 
costs $5.00; and (04) built-in vhf-uhf 
preamplifier is $10.00. For further in¬ 
formation contact Davis Electronics, 
636 Sheridan Drive, Dept. 805, Tona- 
wanda. New York 14150. 
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a second look 

by Jim Fisk 


Small-scale Integration, large-scale integration, counters on a chip, 64K memories — are the possibilities limited 
only by the designer's imagination? I can think of no other segment of the electronics industry which has come 
so far, so fast, as integrated circuits. When vacuum tubes were 20 years old they were mired down by bitter 
patent litigation which had slowed development work to a standstill. Marconi, the Fleming patent holder, even 
placed a full-page advertisement in QST warning that amateurs who even used other than Marconi-licensed 
tubes for radio purposes were "liable to a suit for injunction . . . and they will be prosecuted," A scare tactic, 
perhaps, but it was effective and held back the progress of the entire radio industry. 

No such patent litigation ever developed in the transistor industry because the inventors placed the basic 
idea in the public domain, so by the time transistors reached their 20th birthday there were more than 2000 
registered types, and the industry was thriving. Circuit development, however, was stymied by engineers 
schooled in vacuum-tube techniques who struggled to make solid-state devices work as well as tubes. If you 
used any of the early solid-state ham gear you know that they were not always successful. In fact, there are 
some amateurs who still believe that, in a communications receiver, a solid-state front end is inherently inferior 
to a vacuum tube. In truth, solid-state front ends are actually several hundred times better than their vacuum- 
tube counterparts — both in strong-signal handling and sensitivity — but only when properly designed. 

The rapid growth of integrated-circuit technology has been hampered neither by patent squabbles nor inept 
circuit design — to engineers who cut their teeth on transistors. ICs were the next logical step. So in this, their 
20th year, ICs have already affected every industry, every level of society, and the end is nowhere in sight. 

It was during the summer and fall of 1958 that Jack Kilby built the first integrated circuit at Texas Instru¬ 
ments. Other semiconductor manufacturers had been working on ways to miniaturize electronic circuits, but 
most of them relied on miniature discrete components. Kilby was the first to use semiconductor material for 
both the active and passive elements (resistors and capacitors) to build a complete circuit on a single piece of 
germanium. (Germanium was used because germanium manufacturing techniques were well established, and 
those for silicon were not.) Kilby's first circuits, a phase-shift oscillator and multivibrator, demonstrated the 
feasibility of this approach. On top of the germanium substrate were the contacts of the diffused transistors, 
junction capacitors, and resistors, A gold-plated metal frame protruded from the lower surface of the wafer and 
thermally-bonded gold wires were used for connections between those elements not linked by the substrate 
itself. 

The first circuits were crude by today's standards — large and irregular; the photo masks and resists neces¬ 
sary for precision 1C manufacturing were yet to be developed, so the patterns were hand painted on the semi¬ 
conductor chip with black wax. About the same time Kilby was working on the first ICs in Texas, Fairchild 
Semiconductor developed the Planar process; this process made semiconductors more reliable and less expen¬ 
sive to produce, and greatly accelerated 1C progress and acceptance. 

In the 20 years since those early discoveries, prices have decreased and the number of circuits per unit area 
has increased dramatically. In 1962, for example, a typical 1C flip-flop was about 2 mm square; a similar circuit 
in 1968 was ten times smaller, and today an entire 8-digit frequency counter with all control functions is avail¬ 
able on a single chip. In 1962 a decade counter required several counter chips and logic gates for a total cost of 
twenty or more uninflated dollars; by 1968 the cost of a one-chip decade counter had dropped to about seven 
dollars; today you can buy a TTL decade for fifty cents! And you must remember that 1962 counter did well 
to count reliably at 1 MHz; the 1978 counter is guaranteed to 30 MHz. 

Progress in the field of linear ICs has been just as impressive, and the many functions which are built into 
modern amateur transceivers are a direct result. Some of the newer transceivers have 25 or more controls on 
the front panel; can you imagine how many 6-foot racks of vacuum-tube circuits it would take to do the same 
job? And even if you had room for the racks, you wouldn't want to pay for the electric power to run them (and 
cool them). If progress in the next ten years is as rapid as in the past ten, the commercial equipment that will be 
available to amateurs in 1988 really boggles the mind. 

James Fisk, W1HR 
editor-in-chief 
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transient suppression 

Dear HR: 

I have read the article in your June 
1978, issue, "'Protecting Solid State 
Devices From Voltage Transients,” 
with great interest. Mr. Prudhomme 
has written a very informative article 
that apparently was well researched, 
but I question his statement that 
varistors are excellent in suppressing 
transients on the line side of equip¬ 
ment power supplies. 

The surge energy capacity of the 
MOV is proportional to the volume of 
its active material, and the break¬ 
down voltage is proportional to the 
thickness of its material. Page 57 of 
the GE transient voltage suppression 
manual, referenced in Mr. Prud- 
homme's article, addresses itself to 
(1) Overstress Near Ratings, and (2) 
Extreme Overstress. The varistor has 
its place in the proper environment, 
but its application must be carefully 
chosen. As pointed out in Prud- 
homme's article, transients cover a 
wide range of frequencies and ampli¬ 
tudes. How do you select the proper 
component to protect against an un¬ 
known? 

As a manufacturer of transient 
voltage suppressors, we discarded 
the varistor a number of years ago 
because it will age, and aging in¬ 
creases the leakage current. The 
higher the current, the faster the 
aging — a runaway condition. Also 
the higher the ambient temperature, 
the sooner this can happen. We have 
marketed a 110-volt plug-in unit that 
is extremely effective, using a Tran - 


zorb* as the heart of a circuit; it is 
cost comparable to the circuits you 
describe. A comparison report of 
Tranzorbs versus various metal oxide 
varistors is available from General 
Semiconductor Industries. 

Nanosecond ranges are becoming 
antiquated; picosecond ranges are 
the ones you must be concerned 
with, 

Stephen J. Sorger, 
Vice President 
W. N, Phillips, Inc. 

Lake City, Michigan 


English, si! Metric, no! 

Dear HR: 

I have subscribed to ham radio 
almost since its inception, and have 
enjoyed it more than any of the other 
amateur magazines. When you add¬ 
ed the metric units after the English 
measurements it was annoying, but 
I just cussed the confusion under my 
breath; when you made metric pri¬ 
mary and English secondary, how¬ 
ever, it was more than I could put up 
with. I refuse to have the metric sys¬ 
tem shoved down my throat. 

S. D. Brokhausen, W5VMN 
Georgetown, Texas 


metrics made easy 

Dear HR: 

By choosing metrics for your pri¬ 
mary system of measurement, you 
have again set the pace for the other 
amateur radio magazines. It's only 
through everyday usage that people 
will become conversant in the metric 
system; once they can speak metric 
as well as they do English, opposition 
to metric conversions will disappear. 

David L. Campbell, W1CES 
Boston, Massachusetts 


*Tramorb is a registered trademark of General Semi¬ 
conductor Industries, Inc., Post Office Box 3078, 
Tempe, Arizona 85281. 


radiation hazard 

Dear HR: 

WIHR's editorial in the August 
issue should serve as a caution to the 
ham community to exercise great 
care in the operation of vhf and uhf 
installations. This is particularly time¬ 
ly in view of the accelerating trend 
toward these higher frequencies. 

There is, however, another possi¬ 
ble hazard area which seems to have 
been ignored by amateurs and com¬ 
mercials as well. This is the use of 
uhf/vhf handy-talkies. Here, too, 
their use is multiplying and our im¬ 
proving technology is compounding 
the problem. In the past, 1 watt was a 
high power for these units; now 5- 
watt units are common, and higher 
power is probably on the way. 

Now it seems that this should be 
low enough to be negligible, but the 
inverse square law does apply, so 
that power densities in close proximi¬ 
ty to the antenna can reach signifi¬ 
cant levels. In operation, the HT 
antenna is situated but a few inches 
from the eyes of the operator. 

A quick calculation, based on an 
isotropic source radiating 1 watt, 
shows that the 5 mW/cm 2 occurs 
about 4 centimeters from the anten¬ 
na. A 4-watt power would thus give 
this power level at 8 centimeters, 
which is about the distance that an 
HT would be located from its 
operator's eyes if he close-talks the 
unit — as most people do. 

I recognize that the 5 milliwatt 
level is recognized as being safe by 
most authorities. Furthermore, we 
are protected by the fact that most 
HTs will not function for an extended 
period of time at the 5-watt level. But 
I do not believe that it would be pru¬ 
dent to continue to ignore this possi¬ 
ble source of eye damage, and we 
certainly should limit HT power levels 
to no more than 5 watts. 

Harley C. Gabrielson, K6DS 
La Mesa, California 
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AUTOPATCHES WEREN'T BANNED by Che FCC in its action on interconnects in late October, 
despit ea rumor to that effect circulating on both coasts. What the Commission did was 
to reaffirm the requirement that a control operator be on duty any time a repeater is 
used for autopatch, incoming or outgoing. "Automatic control" of a repeater is not per¬ 
mitted during autopatch operation. 

A Repeater During an autopatch is not a repeater, the Commission also decided, as it 
is not then operating as a repeater but as a conventional Amateur station making a phone 
patch. As a result, the rules governing regular Amateur station operation, not the re¬ 
peater rules, apply during autopatches. 

PHASE II OF FCC'S NEW CALLSIGN program is going into effect January 1, providing 
AdvancedClass licenseeswith the opportunity to upgrade callsigns when renewing their 
licenses. After January 1, an Advanced Class licensee who wishes to exchange his pres¬ 
ent callsign for a 2x2 need only check item 13a on his renewal Form 610 and send it in 
during the 60 days prior to expiration. NOTE: Renewals received before January 1 will 
be processed without callsign change, so Advanced Class operators who wish to change call¬ 
signs should hold applications until after the first. 

Requests For Callsigns other than "Group B" (2x2) will not be honored under Phase II, 
nor~will Extras bepermitted any choice other than a 2x1 after January 1 — under the 
present rules, an Extra can specify a new callsign from any group "higher" than his pres¬ 
ent, if he so wishes. 

900 MHZ WILL BE CB'S NEW HOME , if, indeed, CB is to get a new home. At an open Com- 
mission meeting inOctoberthe Commissioners heard the FCC’s Personal Radio Planning 
Group present three options: keep CB as is on 27 MHz, keep 27-MHz CB as is but add a 
new CB service at 220 MHz, or keep 27-MHz CB as is but add a new CB service at 900 MHz. 
They made no specific recommendations to the Commissioners, but discussed the three op¬ 
tions at some length along with the factors affecting them (which definitely favored 
900 MHz for expansion). 

The Need For Any CB expansion was questioned by Commissioner Margita White and others, 
and aftersome discussion the Commissioners decided not to go ahead with a Notice of Pro¬ 
posed Rule Making. Instead, they had the Personal Radio Division staff prepare a Notice 
of Inquiry on the establishment of a new personal radio service in the 900-MHz region. 

THE FCC'S FEE REFUND PROGRAM is supposed to get under way by the first of the year, 
with FCC licensees who paid more than $20 for their licenses first in line for reimburse¬ 
ment. Details of how all this is to be done have yet to be worked out, as the amount to 
be repaid is to be the fee less the license's "value" to the applicant (how much is a 
2-letter call worth?), A Notice of Inquiry, soliciting comments on how such values can 
be derived, and other aspects of the program, will come out first. About all that seems 
certain at this time is that Amateurs who paid $25 for a special callsign are due to re¬ 
ceive something back, and they’ll be in the first group to be repaid. 

FCC Commissioner Margita White's term on the FCC has expired, and President Carter 
has nominated Ann P. Jones of Arlington, Massachusetts, to replace Mrs. White. Miss 
Jones has been general counsel to the Federal Home Loan Bank since last January. Mrs. 
White’s departure from the Commission will be noted by the Amateur community. She’s 
been particularly sympathetic to the needs of the Amateur service during her term. 

LICENSE REVOCATIONS for bribing an FCC employee to issue unmerited 1x2 callsigns were 
handed out to two Ohio Amateurs in October. Revoked were the Amateur licenses of WA8ZDF/ 
W8MZ and WB8AKU/WB8CPL, as an aftermath of the FBI’s licensing investigation that result¬ 
ed in the conviction of FCC Gettysburg employee Richard Ziegler in June, 1977. The re¬ 
vocations become effective in 50 days unless there is an appeal or the Commissioners 
choose to review the case. 

THE NEGATIVE EFFECTS OF AMATEUR ANTENNA structures on neighborhood property values is 
the real issue in many anti-tower zoning laws and anti-antenna suits, the Personal Com¬ 
munications Foundation (PCF) reports. It’s the issue in the N6QQ case, where the city 
of Cerritos has agreed that N6QQ's tower was structurally sound and its safety was not 
an issue. 

Professional Help on the property value issue is being sought by the PCF for the N6QQ 
case, which the Foundation believes could have a negative effect on Amateurs’ antenna 
rights nationally if it goes against N6QQ. Real estate appraisers, realtors, or others 
who could provide expert opinions on the antenna vs property value issue should contact 
Ken Widelitz, WA6PPZ, at the Personal Communications Foundation, 10960 Wilshire Boule¬ 
vard, Suite 1504, Los Angeles, California 90024 (213) 478-1749. 

BIOLOGICAL EFFECTS OF RF radiation will be studied by a newly formed professional 
group, the Biomagnetics Society. Formation of the group was announced at the Interna¬ 
tional Microwave Symposium in Ottawa this summer, and its first president is Dr, Edward 
Alpen, professor of medical physics at the University of California at Berkeley. For 
membership information, write to Box 3651, Arlington, Virginia 22203. 
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low-power transverter 


for the 
high-frequency 
amateur bands 

Is your 
QRP transceiver 
band limited? 
Try this 
simple transverter 
to obtain 
multiband operation 


Low-power transceivers are becoming more pop¬ 
ular each day on the amateur bands. Many of these 
rigs are single or dual band, usually for 40 and 20 
meters. My home-brew 20-meter ssb transceiver fits 
this category. The need for 80-meter operation re¬ 
sulted in the transverter described here. A savings of 
both money and construction time can be realized if 
a transverter is used — rather than constructing an 
entire assembly for another band. The transverter 
eliminates the need for another ssb filter, VFO and 
associated components, and dial drive and indicator. 
The transverter can be used with any 20-meter trans¬ 
ceiver or transmitter/receiver combination. Com- 



Printed-circuit boards for the low-band transverter. Receiv¬ 
er board is to the left, transmitter board to the right. 


By Mark Oman, WA0RBR, 427 East 11 St., 
Loveland, Colorado 80537 
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mercial QRP transceivers, such as the HW-7 and 
Ten-Tec PM series, can also be used with this trans- 
verter. Both ssb and CW modes can be used, 

I built the transverter for 80 meters, but other 
bands can also be covered. With appropriate com¬ 
ponent changes for inductors and capacitors, the 
same PC-board layout can be used. Table 1 lists 
values for these components for 160, 40, 15, and 10 
meters. The transverter provides CW or ssb output 
of approximately 1-2 watts and needs a minimal 
amount of rf drive. 

operation 

The basic principle of this transverter is to receive 
a 3.5-4 MHz signal, convert it to 14 MHz, and trans¬ 
mit a 3.5-4 MHz signal by converting 14 MHz to 3.5 
MHz. A crystal oscillator of 18 MHz provides the sig¬ 
nal to convert these frequencies. The oscillator 
operates on both transmit and receive modes. 

receive mode 

Referring to fig. 1, 03 operates as an 18-MHz, 
third-overtone crystal oscillator with output tuned by 
L5 and C14. Q1 is a dual-gate mosfet rf amplifier 
tuned to the 80-meter band. The 80-meter signals 
are mixed with the 18-MHz oscillator output in 02, 
resulting in a 14-MHz output across L4. A 50-ohm 

Rear view of the transverter showing the 10, 40, and 80 
meter circuit board assemblies. The receiver converters 
are in the background, while the transmitter converters 
are in the foreground. 



Transverter output on 80 meters showing ssb (upper) and 
CW (lower) modes as viewed on a Hewlett-Packard model 
182 oscilloscope. 




output impedance is obtained by using a capacitive 
divider across L4. 

transmit mode 

Q1 operates as a mixer, this time mixing 18 MHz 
with the 14-MHz input signal to produce a 4-MHz 
signal at 02 base. 02 is a class-A amplifier with about 
100 mW output to drive Q3. A "T" network matches 
02 collector impedance to Q3 base impedance. Q3 
is a linear amplifier, (ts bias is adjusted by R13. L4, 
L5, C15, C16, and C17 are a pi network to match the 
Q3 collector impedance to 50 ohms, (This matching 
network also provides good harmonic attenuation.) 

The transverter matching network design was 
based on the excellent articles in reference 1. Design 
was a lot easier than anticipated and circuit debug¬ 
ging was fairly easy. 

Attenuator Z1 is a critical part of the circuit for 
transmitting clean signals. Most QRP rigs will need 
about 20 dB attenuation, as only 10-20 mW is needed 
to excite Q1. Too much drive will cause distortion on 


december 1978 83 13 







Lt B TURNS 0.6 mm t NO. 22 AWO) 

L2.L J 43 TURNS O 6 mm ( NO 22 AWGt 
L4 23 TURNS 0 6 mm ( NO 22 AWG) 

L 5 13 TURNS 0.4 mm ( NO 26 AWG) 

fig. 1. Schematic of the re¬ 
ceiver section of the 80-meter f/ 5 
transverter. Transistor Q1 is an 
rf amplifier, 02 is the mixer, 
and Q3 is the crystal oscillator 
Circuit for the transmitter sec¬ 
tion is shown in fig. 2. 



ssb. Drive on CW, however, is not as critical. Some 
experimentation with Z1 may be necessary if you use 
ssb; i.e., more or less attenuation may be needed 
with your rig. Fig. 2 gives component values for the 
attenuation needed. The attenuator provides the ad¬ 
ditional bonus of a 50-ohm load to the driving trans¬ 
mitter, a near-must with solid-state rigs. 

Liberal use of bypass capacitors on the dc lines 
helps to prevent oscillation in both transmit and 
receive modes. 

construction 

Transverter construction is easy because of PC- 
board layout and use. The receiver and transmitter 


sections are built onto separate boards. Circuit- 
board patterns for both the transmit and the receive 
board are shown. Double-sided, glass-epoxy board 
is used, with one side acting as a continuous ground 
plane. The copper around the component leads is 
drilled out using a large drill bit. 

PC boards are definitely the answer to home con¬ 
struction. They provide clean layout, ease of con¬ 
struction, and, almost always, superior operation. 
Board layout is easy and provides a convenient way 
to make changes and experiment with your own 
ideas. 

The two boards are wired together using RG- 
174/U cable. I mounted mine in an enclosure where 
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table 1. Values for transverter components for 160, 40, 15, and 10 
meters. 

receiver assembly 






C1.C5 C2,C6 

band 

LI 

L2lj<HJ 

L3(/aH) 

(pF) (pFl 

160m 

7t 

16 

8 

430 1 5-60 



53t/T68-2 

45t/T68-2 


40 m 

4l 

4.3 

4.3 

82 15-60 



29t/T50-2 

29t/T50-2 


15m 

3t 

1.5 

1.5 

18 9-35 



22t/T37-6 

22t/T37-6 


10m 

3t 

1.1 

1.1 

5 9-35 



19t/T37-6 

19t/T37-6 

bypass 

capacitor 

band 

C14(pF) 

C15(pF) 

L5(/(H} YKMHz) (,,F) 

160m 

15*60 

33 

1.2 

16 0.1 

40m 

15-60 

15 

1 

21.5 0.005 

15m 

15-60 

— 

0.5 

35.5 0.001 

10m 

9-35 


0.5 

42.3 0.001 

42.8 



transmitter assembly 

band 

LI 

L2 

L3 

L4 L5(/zH) 

160 

16 

44 

8.5 

3.6 4.2 


53I/T68-2 

90t/T68-2 

40t/T68*2 

251/T68-2 27t/T68-2 

40 

4.3 

11.8 

2.25 

1 1.1 


28t/T68-2 

451/T68-2 

2H/T50-2 

141/150-2 151/TS0-2 

15 

1.5 

4 

0.8 

0.33 0.37 


22t/T37'6 

32t/T50-6 

14t/T50-6 

10t/T37-6 111/T37-6 

10 

1.1 

3 

0.6 

0.25 0.28 


19t/T37-6 

271/T50-6 

14t/T37-6 

9I/T37-6 101/T37-6 

band 

C3 C4 C5 

C11 C15 C16 C17(pF) 

160 

430 15-60 5000 

170-780" 1800 4000 2000 

40 

82 15-60 1000 

50-380 

430 1000 500 

15 

18 9-35 390 

37-250 

150 330 180 

10 

5 9-35 300 

16-150 

110 240 130 





bypass 

capacitors 

band 

L6(/iH) 

L7(/iH) 

L8(/iH) (;.F) 

160 

4.7 

33 

150 

0.1 

40 

1.5 

8 

33 

0.005 

15 

0.47 

2.7 

12 

0.001 

10 

0.27 

2.2 

10 

0.001 


*jn parallel with 500 


they are grouped with boards for 40, 15, and 10 
meters to make an all-band transverter. A 3PDT relay 
switches + 12V, the 20-meter transceiver, and the 
antenna between transmit and receive modes. SI 
allows either the transverter to be used or the main 
rig to be operated straight through. Heat sinks 
should be used at 02 and Q3. 

alignment 

The first step in aligning the transverter is to obtain 



View of the chassis showing the bandswitch and internal 
wiring. The small board on the left is a WWV receiver con¬ 
verter. 


18-MHz operation from Q3. Adjust C14 for maximum 
output using either an rf probe or a communications 
receiver. C23 can be used to adjust Y1 to exactly 
18 MHz. The next step is to adjust C2, C6, and CIO 
for maximum signal strength while receiving an 80- 
meter signal. 

Before applying drive on transmit, adjust R13 for 
minimum Q3 collector current. Next apply a low-level 
signal to Q1 (approximately 8V p-p at G1 of Q1). 
With a 50-ohm dummy load connected to the out¬ 
put, adjust C4 and Cl 1 for maximum output. 

Monitor the signal on a separate 80-meter receiver 
for best tone characteristics. For ssb adjust R13 for 
a collector current of 5 mA. Adjust C4 and C11 for 
maximum output. Monitor the ssb signal on an 80- 


n 

A T re HU A HON 

ff a fOWMS ! n b (OHMS) 


.* 

29? W 



[ 

>so s? 
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SO 
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13 6 
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[ _ SO 

5 J 76? 

attenuation (dB) R a (ohms) 

Rfclohms) 

3 

292 

18 

6 

150 

37 

9 

105 

62 

10 

96 

71 

12 

83 

93 

15 

72 

136 

20 

61 

248 

25 

56 

443 

30 

53 

789 


fig. 3. Component values for different attenuation ratings of 
the pi attenuator, 21, in fig. 2. 
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fig. 4. Component layouts 
for the printed circuit 
boards used in the low- 
band transverter.* Receiver 
board is shown on top, 
transmitter board at 
bottom. 



Receive# board 



TRANSMITTER BOARD 


meter receiver and readjust drive for no distortion 
(see photos). Readjust C4 and C11 for the best¬ 
sounding ssb signal. This completes alignment. The 
transverter should now be ready for on-the-air use. 

operation 

Because of the transistor used and the output 
network, the transverter must be operated into a 
50-ohm load. Any departure from 50 ohms can cause 
the final stage to self-oscillate. Adding a 40V zener 
from 03 collector to ground would be helpful in pre¬ 
venting damage to 03 should oscillations occur. A 
transmatch is a great help in providing a nonreactive 
load for the transmitter. 

With the output displayed on an HP-182 100-MHz 

•Full-size printed-circuit layouts are available from ham radio; please send 
self-addressed, stamped envelope with all requests. 


scope, no harmonic energy could be observed. The 
CW and ssb outputs are shown in the photos. 

Approximately two watts output was obtained on 
CW and one watt on ssb. The networks are suffi¬ 
ciently broadband to allow operation across the 80- 
meter band. 

in conclusion 

The transverter has provided good 80-meter cover¬ 
age. Contacts have been made between the East and 
West Coast and into Mexico. Because QRP is my 
main interest, the one-watt output level is quite ade¬ 
quate. Under poor band conditions a linear ampli¬ 
fier can be added to increase output level. 

reference 

1. DeMaw and Rusgrove, "Learning to Work with Semiconductors," 
Q$T, April-September, 1975. 

ham radio 
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lightning protection 


for the 
amateur station 

A lightning strike 
can be devastating. 
This article provides 
a thorough treatment 
of how to avoid 
catastrophe in 
the ham shack 

Lightning protection is a subject that should be of 
interest to every amateur and especially to those who 
have high antennas. It's a subject that's had little 
coverage previously in amateur publications despite 
the fact that there are some very effective protection 
techniques, which are widely known and applied to 
professional communications installations. Many of 
these techniques can be applied to the typical ama¬ 
teur station with minimal expense and effort. Some 
techniques, which involve more effort and expense, 
might be warranted only in situations where the 
probability of being struck by lightning is high. 

Before protection techniques are discussed, it's 
desirable to have an understanding of exactly what 
causes lightning, the magnitude of a lightning stroke, 
and the probability of being struck. 

The Earth's atmosphere is constantly being bom¬ 


barded by cosmic rays. When these rays collide with 
gas molecules electrons are separated from some 
molecules, creating positive ions. Similarly, some 
molecules capture a free electron and become nega¬ 
tive ions. It's estimated that our atmosphere contains 
about 4x 10 3 ions per cm 3 (6.5 x 10 4 per inch 3 ). At 
altitudes above 64 km (40 miles), the number of ions 
exceeds the number of neutral molecules ; this is the 
region known as the ionosphere. At low altitudes, 
this number is insignificant compared with the num¬ 
ber of neutral molecules. Still, the presence of these 
ions makes it possible for the air to conduct electric¬ 
ity to a small degree. 1 

Atmospheric makeup. The atmosphere taken as a 
whole has a net positive charge of about 10 6 
coulombs. The Earth's surface has an equal negative 
charge, and a potential difference of about 3x 10 5 
volts exists between it and the electrosphere. The 
electrosphere is the region beginning at about 48 km 
(30 miles) up, in which the resistivity is sufficiently 
low so that there's no significant voltage gradient. 
(The ionosphere has the still lower resistivity neces¬ 
sary to reflect radio waves.) In fine weather, a con¬ 
stant flow of electrons occurs from the earth to the 
electrosphere, resulting in an electric field of about 
100 volts per meter near ground. Lightning dis¬ 
charges return these electrons to earth at a rate suffi¬ 
cient to sustain a balanced dynamic system 
globally. 2 - 3 

For lightning to occur, a localized region of the at¬ 
mosphere must attain sufficient electrical charge to 
produce a breakdown of the air molecules. The elec¬ 
tric field near ground level rises to 500 volts per centi¬ 
meter below a developing thundercloud and much 
higher still when lightning is about to strike. 

By John E. Becker, K9MM, 201 E. Marion 
Street, Prospect Heights, Illinois 60070 
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The inside of a thundercloud is a turmoil of water, 
ice, and dust particles together with strong wind cur¬ 
rents and temperature gradients. Although the 
mechanism is not totally understood, the result of 
this turmoil is a concentration of positively charged 
particles rising to the top of the cloud; negatively 
charged particles are concentrated in the lower areas 
of the cloud. This negatively charged region at the 
base of the cloud repels free electrons on the ground, 
resulting in an area beneath the cloud that's positive¬ 
ly charged both with respect to the cloud and with 
respect to surrounding earth. Conditions now are 
correct for lightning to strike. 

Evolution of a lightning strike. A lightning flash 
begins with a virtually invisible stepped leader, which 
travels down from the cloud toward the ground. 
Each step covers a distance of about 46 meters (150 
feet) in less than one microsecond; the time between 
steps is about 50 microseconds. As this stepped 
leader progresses, it ionizes the air through which it 
passes, making it a good conductor. When the 
leader reaches within a few hundred meters of 
ground, ionized streamers begin to rise from the 
ground to meet it. Then the conductive path from 
cloud to ground is complete, and the visible portion 
of the bolt, known as the return stroke, begins. 

It is the return stroke that has the destructive 
effects against which protection is needed. As soon 
as the conductive path is completed, electrons start 
flowing rapidly to ground. This action starts at the 
point of contact between the stepped leader and the 
rising streamer, and the greatly increased current 
causes the ionized path to glow brightly and get very 
hot — up to 2 x 1CHC (6.5 x 10 4 F). The region of high 
current and brightness moves upward to the cloud at 
a speed of over 9.6 xIO 4 km (6x10 4 miles) per 
second, drawing electrons from higher and higher in 
the cloud. This contrasts with the speed of the 
stepped leader, which typically averages only 384 km 
(240 miles) per second. Although the region of high- 
current density and hence the visible flash moves up¬ 
ward, the actual flow of electrons is downward. 

After the first return stroke usually enough charge 
remains in the cloud to initiate a second leader. This 
usually occurs within 70 milliseconds or less; because 
of remaining ionization, this leader usually follows 
the path of the previous stroke and travels directly to 
earth in one step of about one millisecond. For this 
reason it's called a dart leader, and, like the stepped 
leader, it's followed by a return stroke. Although the 
average bolt flashes only twice, about ten per cent 
will have as many as ten flashes; occasionally bolts 
will have up to twenty flashes over a period of about 
one second. 


Electrical analysis. For all practical purposes a 
lightning bolt may be considered a constant-current 
source. That is to say, when it strikes an object pro¬ 
truding above ground, the current that flows through 
that object to ground will be the same, regardless of 
whether the object is a metal tower with a resistance 
of 1 ohm or a tree with a resistance of several hun¬ 
dred ohms. This is because the atmosphere's resis- 



fig. 1. Map showing average annual number of thunder¬ 
storm days in the continental United States. 


tance is so high that the series resistance added to 
the path by the object struck is insignificant. The 
resistance of the object struck becomes important 
when the voltage drop across the object and the 
power dissipated in the object are considered. 4 

The magnitude and duration of the current in a 
lightning bolt will vary from stroke to stroke. The 
stroke-current waveform consists of a rapid rise to 
the peak current, followed by a more gradual decay. 
A waveform of this type is described with two num¬ 
bers: the rise time to the peak value and the decay 
time to 50 per cent of the peak value. A typical light¬ 
ning bolt would have a rise time of about 2 micro¬ 
seconds and a decay time of about 40 microseconds. 
The peak current in a stroke will exceed 1,7x10 4 
amps in 50 per cent of all strokes. It will exceed 
6x 10 4 amps in 10 per cent of all strokes, 1.2 x 10 5 
amps in 1 per cent of all strokes, and 2.4 x 10 5 amps 
in 0.01 per cent of all strokes. 5 

the probability of 
lightning damage in the U.S. 

The probability that any given object will be struck 
by lightning depends on two things: the frequency 
and type of thunderstorms at the location of the ob¬ 
ject, and the object's height above average terrain. 
Observations made over a period of years have 
resulted in the compilation of an accurate map show¬ 
ing the average number of thunderstorm days per 
year in the United States (fig. 1). Note that this map 
does not take into account the possible occurrence 
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of more than one thunderstorm in an area on any 
given day. Therefore it's somewhat conservative as 
an indicator of the total number of thunderstorms 
likely to occur in a year, particularly in areas having 
larger numbers of thunderstorm days. 

Thunderstorms are classified either as convection 
storms or frontal storms. Convection storms, which 
account for the majority of thunderstorms, are local 
in extent and relatively short in duration. Frontal 
storms extend over greater areas and may last for 
several hours. Statistical data has been tabulated to 
predict the expected number of lightning strokes to 


fig, 2. The concentric 
shell concept as an aid 
to understanding the re¬ 
sistance of the earth sur¬ 
rounding a ground rod. 



ground per square mile (assuming flat terrain) per 
thunderstorm day. This number is called the stroke 
factor. The stroke factor for convection storms is 
0.28; for frontal storms it is 0.37. 6 

In areas of flat terrain, the probability of lightning 
striking any given point is extremely low, but an ob¬ 
ject protruding above ground will attract lightning 
that would have otherwise struck all other points 
within a circular area surrounding the object. The 
radius of this area depends on both the height of the 
object and the intensity of the stroke. An object will 
attract a 2x 10 4 -amp stroke that would have struck 
anywhere within a radius of twice the height of the 
object had the object not been present. This radius 
increases to six times the height of the object for a 
6x 10 4 -amp stroke and ten times the height of the 
object for a 1.35 x 10 5 -amp stroke. 7 

the importance of 
proper grounding 

Three distinct situations are associated with a 
lightning strike that can result in damage to electron¬ 
ic equipment. The most obvious and potentially 
destructive is the effect of a direct strike. Less obvi¬ 
ous, but still capable of causing considerable dam¬ 
age, are two secondary effects: induced voltage and 
ground current. 

A lightning bolt is surrounded by an intense mag¬ 
netic field. The bolt itself may go harmlessly to 


ground, but its magnetic field will induce a voltage 
transient into any wires it encounters, such as anten¬ 
nas and feedlines, rotor-control cables, power lines, 
or telephone lines. When a lightning bolt goes to 
ground, current flows through the ground in all direc¬ 
tions away from the point of the strike to dissipate 
the sudden excess accumulation of charge. This 
ground current can cause a significant potential dif¬ 
ference to exist between different ground points. 
Improperly grounded equipment can end up in the 
path of some of this ground current. The lightning 
protection techniques to be described can prevent 
equipment damage from all three of these effects. 

protecting your gear 

Lightning protection comes in increments. An 
unprotected station will be wiped out by any kind of 
strike. A partially protected station will incur less 
damage and may completely escape damage from a 
small bolt. A carefully planned and executed light¬ 
ning protection system will protect against just about 
anything. 

There are three basic protection techniques. 
Everything described here will contribute to one or 
more of them. The first technique is to send as much 
as possible of the lightning stroke directly down your 
tower and into the ground. The second technique is 
to make it as hard as possible for any of the energy of 
the strike to get to the equipment. The third and final 
technique is to control the path of any energy that 
reaches the equipment so that it finds its way harm¬ 
lessly to ground. 

Grounding systems. The first technique, that of 
sending as much of the current as possible directly to 
ground, requires grounding your tower. This isn't 
always easily accomplished. There's more to it than 
just driving a rod into the ground and connecting it to 
the tower. Any ground system has a resistance, 
which can be measured. This resistance determines 
the voltage level to which the tower will rise when 
struck by lightning. The magnitude of this resistance 
depends on certain characteristics of the soil that 
determine its resistivity; /.e., composition, tempera¬ 
ture, moisture content, and salt content. 

A ground rod driven into soil of uniform resistivity 
radiates current in all directions. To understand the 
resistance of the soil surrounding the ground rod, 
think of the rod as being surrounded by an infinite 
number of thin concentric shells of soil all of equal 
thickness (fig. 2). The greatest resistance is in the 
shell directly next to the ground rod, because it has 
the smallest cross-sectional area at right angles to 
the current flow. Each succeeding shell is larger in 
cross section and therefore has less resistance. At a 
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small distance from the rod the area of each shell is 
so large that its resistance is negligible compared to 
the resistance of the shell directly next to the ground 
rod. The resistance varies inversely with the cross- 
sectional area. Measurements have shown that 90 
per cent of the total resistance surrounding a ground 
rod is usually within a radius between 1.8-3 meters 
(6-10 feet) of the rod. 

Soil considerations. The composition of the soil 
will depend on your location. Whatever soil you have 
you'll have to live with. Clay and loam are the most 
desirable soils for low resistance. Sand or gravel 


increasing its salt content. A doughnut-shaped 
trench can be dug surrounding the ground rod. Alter¬ 
natively, a length of drain tile can be buried next to it. 
The trench or tile is filled with a chemical such as 
magnesium sulphate, copper sulphate, or ordinary 
rock salt. Rain and snow will dissolve the chemicals 
and wash them into the soil (fig. 3). 

Deep-driven grounds are becoming the most pop¬ 
ular and economical method for obtaining low-resis¬ 
tance ground connections. For ease of handling and 
driving, sectionalized Copperweld ground rods may 
be used. These rods are available in several diameters 



fig. 3. Method of reducing resistance of a ground con¬ 
nection by chemical means. The tile may be eliminated with 
little effect. 


increase the resistivity in relation to their proportions, 
and soil that is mostly sand or gravel has fairly high 
resistance. 

Whatever type of soil you have, a deep rather than 
a shallow ground is better for several reasons. Soil is 
seldom of uniform resistivity at different depths. The 
soil near the surface generally has higher resistivity 
than that at deeper levels because of wetting and 
drying out with seasonal variations. Deeper soil is 
more stable and less subject to such variations. Usu¬ 
ally it has a higher moisture content than surface 
layers. 

As the soil temperature decreases, its resistivity 
goes up. Frozen ground is a very poor conductor, as 
the negative temperature coefficient of soil resistivity 
increases sharply below freezing. Any ground rod 
should, at a minimum, extend several feet below the 
frost line in your area. Otherwise an early spring 
thunderstorm may occur while the ground is still fro¬ 
zen, and your ground system will be greatly reduced 
in effectiveness. A 2.5-meter (8-foot) ground rod is 
the absolute minimum that should be used. 

reducing soil resistance 

Soil resistivity may be reduced artificially by 


and lengths. They are threaded on both ends, and 
special threaded couplings are used to join them. A 
driving bolt is attached to the top of the section being 
driven to protect the threads from damage (fig. 4). 

Another effective method of reducing the resis¬ 
tance of a ground connection is to parallel several 
ground rods. For this technique to be effective, the 
rods should be between 1.5-3 meters (5-10 feet) 
apart. With less than 1.5-meter (5-foot) spacing, the 
conducting paths from adjacent rods will overlap ex¬ 
cessively. With more than 3 meters (10 feet) of spac¬ 
ing, the reactance of the connecting wires becomes 
a detriment. 

If multiple ground rods are used around the tower 
base, each rod should be securely fastened to the 
tower base, and also to a buried ring of 6.5 mm (no. 2 
AWG) copper wire surrounding it. Guyed towers 
should have at least one ground rod at each guy 
anchor point; these rods should also be tied back to 
the ground ring at the tower base. In areas of high 
soil resistivity, buried radials spaced every 60 degrees 
and up to 46 meters (150 feet) in length, if possible, 
may be connected to the ground ring to lower the 
ground system resistance. 

There's no hard and fast rule as to how low the 
ground system resistance should be for good protec¬ 
tion. A value considered acceptable by some electric 
power systems and protection codes is 10 ohms, so 
this is a good objective to shoot for. Where the soil is 
mostly clay or loam this value is achievable, but in 
areas with rocky or sandy soil it may be economically 
unreasonable to attain. 
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Accurate measurement of ground resistance 
requires the use of sophisticated equipment not usu¬ 
ally found in the amateur station. An ohmmeter is 
totally useless due to voltage gradients present in the 
soil from stray power-system currents and electro¬ 
chemical effects. However a method that can be 
used with reasonably good success requires only 
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fig. 4. Copperweld sectionalized ground rods. 


equipment that many hams would have or could bor¬ 
row. It involves using an isolation transformer and a 
Variac (autotransformer) to pass 60-Hz ac through 
the ground between the ground rod to be tested and 
a known good ground, such as the power system 
neutral line. The voltage and current are measured, 
and the resistance is computed from Ohm's law. 
There's a very definite shock hazard associated with 
this method, so be careful! See fig. 5. 

A question is often asked as to how large a ground 
conductor is necessary in a lightning-protection sys¬ 
tem. Often wire much heavier than necessary is 
used. A lightning stroke is of very short duration, and 
the heat produced in the wire by the current is limit¬ 
ed. At a minimum, the wire must be large enough so 
that it's not heated to its melting point. A 2.6-mm 
(no. 10 AWG) copper wire can be sufficient to with¬ 
stand a lightning stroke with 2.5 xIO 5 amps peak 
current and a 40-microsecond decay time. This am¬ 
plitude is exceeded by only one stroke in 10 4 . A 4.1- 
mm (no. 6 AWG) copper wire is recommended to 
provide an adequate safety factor in above-ground 
applications. For buried applications, 6.5 mm (no. 2 
AWG) copper wire is recommended because of cor¬ 
rosion. Aluminum wire should have a cross-sectional 
area 1.6 times as large as the recommended copper 
gauges for the same current-handling capacity. 


tower and rotator considerations 

With the tower securely grounded at the base, the 
next step is to ensure that this good solid ground ex¬ 
tends all the way to the top. Although you'd expect 
good continuity between sections in a fixed tower, 
the joints are designed for mechanical strength only, 
and the possibility always exists that oxidation and 
corrosion will cause increased resistance between 
sections. A good practice is to bridge each section 
joint on each leg with a short length of 4.1-mm (no. 6 
AWG) copper wire secured with ground clamps. This 
is particularly important at the hinge joint of foldover 
towers. 

Crankup towers are harder to deal with, which is 
unfortunate because they're also more likely to be a 
less-than-ideal path to ground for lightning — unless 
grounding straps are added. If the tower is lowered 
only occasionally for antenna work, the same tech¬ 
niques as those for a fixed tower can be used. The 
obvious inconvenience is that you'll have to climb the 
tower (make sure all safety stops are properly engaged 
first) and remove the grounding straps before the 
tower can be lowered. If the tower is raised and low¬ 
ered frequently, about the only thing you can do is 
run grounding straps from the top of the top section 
all the way to the top of the bottom section. The 
straps should be pulled straight when the tower is 
fully raised, and of course they will hang down when 
it is lowered. 

To protect your rotor, one or more bonding straps 
should be connected between the mast above the 
rotor and the tower legs. Leave no more slack than 
necessary to allow full rotation. Stranded wire, such 
as automotive battery cable, will stand up better to 
repeated flexing than will heavy solid wire. 

The mast itself, or an air terminal clamped to the 
top of it, should extend far enough above the anten¬ 
na so that its cone of protection includes the antenna 
and protects it from a direct hit. This mast extension 
should be at least half the turning radius of the anten¬ 
na. The elements of an antenna are usually heavy 
enough to escape damage even if hit directly, and 
most antennas are at dc ground potential; but the 
path that provides this dc ground may not withstand 
the stroke current. Items such as ferrite baluns, 
traps, gamma matches, and element insulators are 
vulnerable and hard to protect in case of a direct hit 
on the antenna itself. 

If the topmost point on the antenna system is the 
vertical element of a ground plane, make sure it is dc 
grounded at the base with an rf choke. This choke 
should have the lowest inductance possible for the 
frequency range of the antenna and should be made 
of the heaviest gauge wire practical. 

If the tower is a wooden pole or other nonconduct- 
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ing support, it should be topped with an air terminal 
connected to the ground system with a 4.1 -mm (no. 
6 AWG) copper wire stapled to the pole on the side 
opposite the antenna feedline. A roof-mounted 
antenna system should be grounded similarly. 

The shields of all coaxial feedlines should be bond¬ 
ed to the tower at the top and bottom, and at 15- 
meter (50-foot) intervals on taller towers. This is easi¬ 
ly accomplished by using bulkhead coax connectors 
mounted on plates, bolted to the tower at the appro¬ 
priate levels. Be sure to use waterproof connectors 
or take other suitable steps to keep moisture out of 
the coax. 

residual lightning energy 

All the techniques covered to this point have been 
concerned with shunting as much of the direct light¬ 
ning energy as possible directly to ground. Now the 
emphasis will shift to the leftover energy that has 
found its way onto feedlines, rotor cables, etc., and 
to techniques for keeping it out of the rig. It all comes 
down to making these conductors look like a high im¬ 
pedance to the lightning. Remember that a lightning 
bolt is a series of pulses having rise times on the 
order of 2 microseconds. This makes it similar to a 
500-kHz rf signal in terms of the effects of reactive 
elements it may encounter. Specifically, it's desirable 
to introduce series inductance in any conductors 
leading from the tower to the rig. 

Obviously it's impractical to break the run of coax 
and place coils in series with the inner and outer con¬ 
ductors. While these might stop the lightning coming 
down the line, they would just as certainly also stop 
the flow of rf energy from the transmitter to the an¬ 
tenna. If the antenna is at dc ground as recommend¬ 
ed earlier, the same potential will be impressed onto 
both the inner and outer coax conductors by a light¬ 
ning strike. At every convenient opportunity, the 
coax should be bent at as sharp an angle as allowed 
by its minimum bending radius. The lightning pulse 
wants to go in as straight a line as possible, so these 
bends appear to it as an increased impedance. As far 
as an rf signal is concerned, as long as the dimen¬ 
sional relationship between coax inner and outer 
conductors is maintained, it makes no difference 
how often it is bent. Any excess feedline should be 
wound into a coil before entering the building, as this 
further increases the impedance it presents to light¬ 
ning. Rotor cables and any other lines from the tower 
to the station should be treated similarly. 

An additional technique that may be employed is 
to run the feedlines and control cables through a 
length of metal conduit. The magnetic field gener¬ 
ated by lightning-stroke currents will perceive the 
conduit as one big shorted turn, resulting in another 
desirable increase in series impedance. This is partic¬ 


ularly effective if the cables are run through conduit 
for 6 meters (20 feet) or more. 

I'd like to emphasize that the isolation techniques 
just described are effective only if a good ground has 
been established at the tower. All the current is going 
to go to ground somewhere, and a low-resistance 
tower ground, together with a high impedance from 



fig. 5. A simple method of measuring ground resistance. 


the tower to the rig, only establishes how the current 
is divided up between these two paths. 

station grounds 

At this point, the protection job is two-thirds done. 
With good tower grounding and rig isolation, most of 
the stroke current will go straight down the tower to 
ground. The remaining task is to control the ground 
path followed by the remaining current which comes 
into the rig so that no equipment damage results. 

It would be nice if it were possible to arrange 
things so that no ground path at all goes through the 
rig. In fact it's possible but seldom practical to do ex¬ 
actly that. It's worthwhile to examine what it would 
take to accomplish this, if for no other reason than to 
help in understanding the protection techniques to 
be followed in the more practical alternatives. 

Let's assume that the only connection from the 
tower to the rig is a single feedline. Let's also assume 
that you have no other connection between the rig 
and the rest of the world; i.e .. no ac power lines, no 
telephone, nothing. The rig must be battery powered 
or have its own ac generator. The final assumption is 
that the entire rig, including its power source, is per¬ 
fectly insulated from ground; no leakage, and suffi¬ 
cient clearance such that no arc-over to ground will 
occur. 

Now if lightning strikes the tower, let's see what 
happens. If it is an "average" stroke of 1.7 x 10 4 peak 
amps, and if the tower ground resistance is 10 ohms, 
the tower, feedline, and rig will all rise to 1.7 xIO 5 
volts above ground. This number is conservative 
because it ignores the effects of inductance in the 
grounding path. In many cases a significant inductive 
reactance will occur in series with the resistance, and 
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MAXIMUM PEAK VOLTAGE (VOLTS) 


the potential rise will be higher for a given stroke cur¬ 
rent. If the assumption is good that the rig is perfect¬ 
ly insulated from ground no current will flow, and no 
damage will occur. 

practical considerations 

It should be obvious at this point that this kind of 
situation is seldom likely to exist. In the real world, 
the rig is not perfectly insulated from ground and 
connections exist to power lines and to the telephone 

fig. 6. Ratings for a high-power 
zinc-oxide varistor. Note the 
sharply rising voltage charac¬ 
teristic above 10 amperes on 
parts rated for up to 2750 
amperes peak current. 


ground bus. This morass of ground interconnections 
may be fine in terms of signal distribution and ac 
safety, but it can spell disaster when lightning 
strikes. 

Consider where the current is actually going to 
flow. For example, it may come down the coax-feed- 
line shield to the linear amplifier chassis, across this 
chassis to the input connector, along the input coax 
shield to the exciter, up the power cable ground wire 
to the power supply, through the power supply print¬ 
ed-circuit board to the ac line cord, and down the 
third wire to the ac conduit A long and devious route 
such as this will look highly inductive to the lightning 
pulse. As a result significant voltage drops will occur 
along the way with a high probability of equipment 
damage. 
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system. This brings us back to that small portion of 
the stroke current that will go to ground through 
whatever path it can find at the rig. It can follow two 
routes, and each requires attention if damage is to be 
prevented. 

The first of these routes encompasses all direct 
grounding made at the rig. This grounding can in¬ 
clude the shield of signal-carrying leads between dif¬ 
ferent pieces of equipment, the third wire in ac line 
cords, and wires connected from the ground screws 
on various pieces of equipment to a main-station 


Single-point grounds. The solution to this problem 
is single-point grounding of each piece of gear 
together with bonding between each item. Single¬ 
point grounding prevents ground current from flow¬ 
ing through a piece of equipment, while bonding 
prevents destructive voltage differentials from devel¬ 
oping between different pieces of gear. The final 
ingredient necessary for this technique to be effec¬ 
tive is a good station ground. 

The station ground is second in importance only to 
the tower ground, and many of the techniques previ- 
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ously covered are applicable. The objective of the 
station ground is to provide a ground plane at uni¬ 
form potential for the entire station. 

Commercial installations. In commercial installa¬ 
tions where an entire building is devoted to the 
equipment installation, the recommended procedure 
is to install a buried ground ring around the outside 
perimeter of the building. This ring is supplemented 
with ground rods or radials. A second ground bus is 
run around the inside perimeter of the building. The 
two ground rings are interconnected at no fewer 
than four points and at intervals of no more than 15 
meters (50feet). This system is also connected to the 
power-system ground, and any extensive masses of 
metal such as water pipes and heating ducts. Finally, 
the building ground system is connected to the tower 
ground system. This wire must not be run through a 
conduit, nor should it be routed near feedlines or 
other cables from the tower, as it may induce transi¬ 
ents into them. 

Amateur installations. For a typical amateur sta¬ 
tion in a home, a commercial-grade station ground 
would usually be impractical, since all the equipment 
is usually in one room and near to only a small por¬ 
tion of the building perimeter. The commercial pro¬ 
cedures can be modified using common sense to fit 
the circumstances of any particular installation. The 
important thing to remember is that a single ground 
wire to the nearest water pipe is not adequate, and 
every extra bit of grounding adds something to the 
degree of protection obtained. Whatever modifica¬ 
tions are made, the connections between the station 
ground, tower ground, power system ground, and 
the water pipes must not be eliminated. 

Interconnections and bonding. Once a suitable 
station ground has been provided, the equipment 
must be properly connected to it. The shields of all 
coax feedlines should be connected to the station 
ground at the point where they enter the building. On 
each piece of equipment, a ground tiepoint should be 
selected. This point should be connected to the sta¬ 
tion ground and also to the ground tiepoint on physi¬ 
cally adjacent pieces of equipment. These ground 
connections should be as short and straight as pos¬ 
sible, using 2.6-mm (no. 10 AWG) or heavier cop¬ 
per wire. 

It's particularly important on any piece of equip¬ 
ment where a coax feedline terminates from the 
tower that the point where the feedline connects be 
used as the ground tiepoint. The requirement for 
multiple connections of coax and other shielded 
wires to some pieces of equipment may make it 
impossible to eliminate secondary ground paths en- 
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fig. 7. Ratings for a TII-16 gas-filled surge arrestor. 
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tirely, but careful grounding and bonding will make 
these secondary paths relatively unattractive to light¬ 
ning current. The secondary ground path provided 
by these shielded cables can be made to look like an 
even higher impedance if the cables are made longer 
than necessary and the excess length is wound into 
a coil. 

Threewire ac cords. The ground wire in three-wire 
ac line cords is fine for its intended purpose of pre¬ 
venting shocks resulting from power-line leakages, 
but it's detrimental as far as lightning protection is 
concerned. Not only is it neither short nor straight, 
but its proximity to the other wires in the power cord 
could couple unwanted surges into the equipment 
through the power line. When proper grounding and 
bonding techniques are applied, the ground wire in 
the three-wire power cord is a secondary ground and 
no longer needed for its original purpose. Therefore, 
it should be disconnected for optimum lightning pro¬ 
tection. 

Dielectric breakdown. The second route to ground 
at the rig is by dielectric breakdown to power or tele¬ 
phone lines. This is most likely to occur in installa¬ 
tions where proper grounding and bonding practices 
have not been followed. But proper grounding and 
bonding practices do not completely eliminate the 
possibility of dielectric breakdown. This is because of 
the ever-present inductance in any ground wire, 
together with the fast rise time of the lightning pulse. 
As already noted, the chassis of all the equipment 
may rise momentarily to thousands of volts above 
ground when lightning strikes. The power-transform¬ 
er primary in each piece of gear is connected to the 
ac power line, which is at a low impedance and 
always within a few hundred volts of ground. If the 
insulation between any of these primary windings 
and the transformer core, which presumably is chas¬ 
sis mounted, is insufficient to withstand this voltage, 
dielectric breakdown will occur and the transformer 
will be destroyed. The same thing can happen with 
the telephone lines, except that here the phone patch 
or telephone itself will be destroyed. 

Surge suppressors. To prevent this sort of damage 
a form of bonding must be employed. Obviously the 
power and telephone lines can't be directly and per¬ 
manently shorted to ground. Instead, some type of 
transient voltage surge suppressor must be used. 
This is a device that's normally an open circuit but 
which will momentarily break down and provide a 
low-impedance path across whatever it is connected 
to in case of a lightning strike. When the surge is 
over, the device opens the circuit again so that nor¬ 
mal equipment operation is unimpaired. 


Many types of transient voltage surge supressors 
are on the market. They offer varying degrees of pro¬ 
tection and range in price from a few cents to hun¬ 
dreds of dollars. There are two devices which, when 
used together, will provide a high degree of protec¬ 
tion at relatively low cost. These are the zinc-oxide 
varistor and the gas-tube surge arrestor. Each has 
certain advantages and certain limitations; this is 
why it's recommended that they be used together. 8 




fig. 8. With two-electrode arresters (top), the first arrester 
to "see" the surge is ionized by that surge and provides an 
excellent path to ground. The second wire now uses the 
available ground, but, unfortunately, the path to ground 
goes right through the equipment to be protected. With 
three-electrode gas arresters (bottom), if either wire sees a 
surge, the arrester fires, ionizing the common gas chamber 
and instantly grounding both wires; there is no damaging 
potential difference across the equipment. 


The zinc-oxide varistor is a device on the market 
for just a few years, but it has gained wide accep¬ 
tance in the electronics industry as a transient sup¬ 
pressor. It's available from several manufacturers in a 
wide range of ratings. The MOV line from General 
Electric is typical of those available. These devices 
are designed to protect against transients on the ac 
power line from lightning and from inductive load 
switching. Its advantages are response time meas¬ 
ured in nanoseconds and response to voltages only 
slightly above the normal operating voltage of the cir¬ 
cuit. Disadvantages are limited maximum-current 
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capability and high “let-through" voltage under high- 
current conditions (fig. 6). 

Gas-tube surge arrestors have a firing voltage that 
depends on the rise time of the transient waveform. 
Faster rise times result in higher firing voltages. For a 
lightning waveform having an 8-microsecond rise 
time, a gas tube can be expected to fire in about one 
microsecond (fig. 7). Once a gas tube has fired, the 
voltage drop across it is clamped to 30 volts. A gas 
tube can handle more peak transient current than a 
varistor, because the low voltage drop results in low 
power dissipation, 

A gas tube will continue to conduct until the 
applied voltage drops below 30 volts. In an ac-power 
circuit, this means the tube will conduct for a full half 
cycle, 8.3 milliseconds at 60 Hz, even though the 
transient that caused it to fire may have lasted only a 
few microseconds. This may exceed the long-term 
power handling capability of the tube, and for this 
reason gas tubes should always be installed on the 
load side of the fuse or circuit breaker in a power 
circuit. 

Gas-tube surge arrestors are available from Til 
Corp., Joslyn Electronic Systems, and others. For 
power-line applications, a three-electrode gas tube is 
used, with the end electrodes connected to the two 
sides of the ac supply and the center electrode con¬ 
nected to ground. If the potential between the 
grounded electrode and either supply electrode 
becomes sufficient to fire the tube, the entire tube 
ionizes and all three electrodes are effectively shorted 
together for the duration of the transient (fig. 8). The 
disadvantage of the gas tube is that it's slower to 
respond than the zinc-oxide varistor and requires a 
higher voltage relative to the normal voltage in the 
circuit before it will fire. 

When both a zinc-oxide varistor and a gas-tube 
surge arrestor are used to protect a piece of equip¬ 
ment, the varistor will take care of short-duration, 
low-energy transients such as might result from a 
lightning strike on the power line at a considerable 
distance from your location. The gas tube will come 
into play when lightning strikes your tower or the 
close-by power line. If economic considerations dic¬ 
tate the use of only one of these two devices, the gas 
tube is the one that should be chosen. 

Devices are available using gas tubes that can be 
inserted between an appliance and the power outlet. 
This may seem very convenient, but these devices 
should not be used. The reason is that they are 
designed to protect against transients coming in on 
the power line only. We are mainly concerned with 
protecting against a lightning strike on the antenna 
or tower. This requires locating the gas tube as close 
as possible to the power transformer of the equip¬ 


ment to be protected to eliminate the inductance of 
the line cord from the ground path for the surge. 
Installation of a gas tube at this location will give 
maximum protection against a transient either from 
the power line or antenna. A set of these suppressors 
should be installed in each piece of equipment con¬ 
nected to the power line for which protection is 
desired (fig. 9). 


EQUIPMENT 



fig. 9. Use of both a gas tube and a varistor for maximum 
protection. 


If your station includes a phone patch, a three-ele¬ 
ment gas tube should also be installed at the point 
where the telephone line connects to the patch. 

concluding remarks 

Lightning protection may appear to be a very com¬ 
plicated subject. But the average amateur station can 
be well protected without an unreasonable invest¬ 
ment of time or money. Remember first and fore¬ 
most that all of these techniques are nothing more 
than a means of controlling the path that the light¬ 
ning bolt will take in its unstoppable search for 
ground. Work out the required protection system for 
your individual station with this in mind. 
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solar-powered repeater design 


Why use 
antiquated methods 
to power your machine? 

Here’s a strong case 
for using solar power — 
it’s inexpensive 
and effective 

In this article we provide the repeater-system 
designer with useful information about using solar 
power. The information is based on acceptable cri¬ 
teria for designing commercial solar-power systems 
and is supported by empirical data obtained in the 
actual operation of a repeater. The WR5ARO 19-79 
solar-powered repeater is on Redondo Peak, New 
Mexico. It was built using the principles outlined 
below. 

Solar systems to provide power for remote radio 
sites are not new. Recent advances in technology, 
and a national concern for conserving our energy 
resources, have brought recognition to solar power 
as a useful energy source. For remote sites, solar 
power is one of the few economically feasible power 
sources. As with other electronic devices, demand 
and popularity will reduce the price of solar-powered 
generators from its presently high level to one within 
the means of most amateurs. Based on projected 
technology, cost reductions of 50:1 are possible in 
the near future. This would put the price of a useful 
solar electric generator not far above the cost of a 
good, well-regulated bench-type power supply of 
equivalent capability. Solar power provides good 
mechanical reliability (no moving parts), good depen¬ 


dability (with proper array sizing), and an attractive 
price (considering the alternatives). First, some back¬ 
ground. 

photovoltaic cells 

Silicon solar cells are P-N diodes whose photovol¬ 
taic characteristics (ability to produce electricity 
when exposed to light) have been optimized. Peak- 
current output occurs when the cell is exposed to 
direct, unrestricted sunlight that has an intensity of 
100 mW per cm. 2 

The rated output current of a solar array is directly 
proportional to light intensity. Therefore, at 50 
mW/cm 2 the array output current is 50 per cent of 
the peak rated current. The output current capability 
of a single solar cell is a function of the cell cross-sec¬ 
tional area. Solar-cell output voltage is independent 
of cell size. Output voltage is constant from 10 
mW/cm 2 to 100 mW/cm 2 . The equivalent circuit to a 
solar cell is a constant-current generator with voltage 
limiting. A typical solar array l/V curve is shown in 
fig. 1. 

array sizing 

Solar cells are connected in series to provide the 
required voltage and are connected in parallel to pro¬ 
vide the required current. Array specifications are 
given as a peak value. Since the manufacturer has no 
control over the amount of sunlight available, array 
specifications are relative to peak sunlight (100 
mW/cm 2 ). It's the responsibility of the system 
designer to derate the peak specifications to an aver¬ 
age value specific for the site. 

Most solar arrays come from the manufacturer 
with enough cells connected in series to be optimum 
for charging batteries. Consequently, the system 
designer need be concerned only with the peak cur¬ 
rent available and the derating necessary to provide 
some average charging current. The amount of de- 

By Ted Handel, WB5REA, and Paul 
Beauchamp. WB5RSIM. 241 Rio Bravo. Los 
Alamos, New Mexico 87544. 
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fig. 1. Typical l/V 
curve of nominal 
12V solar array. 
The curve approxi¬ 
mates that of a 
constant-current 
power supply with 
voltage limiting. 



rating is a function of the solar-cell insolation at 
the site. 

solar insolation 

A number of variables influence the amount of 
sunlight that strikes the Earth's surface. Among the 
most important are elevation, cloud cover, atmos¬ 
pheric water content, pollutant level, the sun's inci¬ 
dent angle, and the solar-day length. All these fac¬ 
tors affect the amount of available sunlight. The 
amount of sunlight striking the Earth's surface is 
called insolation. Solar insolation data is given in 
many different quantities, such as Langleys and kilo¬ 
joules per square centimeter. The mentioned quanti¬ 
ties are usually given for one year; thus the quantities 
are units of energy. Since solar electric generation is 
an integrating process, it's permissible to use the 
average yearly insolation figure to size the solar 
array. This is true if the average yearly discharge rate 
of the repeater is also used. 

Solar insolation data for Redondo Peak, New 
Mexico, was found to be 750 kJ/cm 2 per year. This 
gives an average solar intensity of about 23 
mW/cm 2 . The average current available at this site 
is, then, about 23 per cent of the peak current avail- 



fig. 2. Map of the United States showing average solar in¬ 
tensity in mW/cm 2 . Year-to-year variations are less than 10 
percent. 


able from the solar array. Fig. 2 shows average solar 
intensities for the continental United States. 

storage devices 

To make power available to the repeater during 
hours of darkness and foul weather, some type of 
storage device is used to hold energy collected dur¬ 
ing hours of daylight and good weather. A battery of 
some type is almost always used. The capacity of the 
battery must be large enough to carry the system 



Co-author WB5RSN makes final angle adjustments to solar 
array that powers the 19-79 repeater on Redondo Peak, New 
Mexico (3433 meters. 11.254 feet). The array is mounted at 
17 meters (55 feet) to prevent shading from nearby trees. 


through extended periods of poor weather and 
through the shorter days of winter. Battery capacity 
is relatively independent of array size. Generally, 
storage capacity is about ten days. The battery is the 
true power source for the repeater. It should be 
selected with care. 

High-capacity, lead-acid automotive batteries 
should be avoided. This type of battery is designed to 
provide large amounts of current for short periods of 
time. To accomplish this, the battery must have a 
low internal impedance. High leakage currents occur 
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in this type of design. A good-quality, electronic- 
grade rechargeable battery would be a better choice. 
Lead-calcium and gelled-electrolyte batteries, as well 
as telephone-type "wet" cells, are also good 
choices. Nickel-cadmiums aren't recommended 
because of their temperrnental characteristics. Re¬ 
member that most of the vagaries of these cells were 
discovered in space satellite power systems where 
solar cells were used to charge them. 

voltage regulation 

Solar generators normally provide more charging 
current than a fully charged battery can safely toler¬ 
ate. To prevent damage to the battery, a voltage reg¬ 
ulator is used to limit the charge voltage to a safe 
level. The circuit shown in fig, 3 is a simple shunt- 
type regulator. The series diode prevents the array 
from discharging the battery during hours of dark¬ 
ness. The diode is also a reverse-bias switch that 



Redondo Peak repeater installation. Solar array is mounted 
near the top of the tower to prevent shading. The repeater 
electronics are installed underground at the base of the 
tower. 



WR5ARO repeater is installed in a sealable 55-gallon barrel. 
The buried enclosure permits temperature stability. Moun¬ 
tain-top temperatures range from -34C in the winter to 38C 
in the summer. 


allows the shunt resistor to absorb the excess power 
generated. The regulator receives its power directly 
from the array and therefore does not draw power 
from the battery. Some battery current is used by the 
regulator for voltage sampling, but this current is 
very low. 

One of the important characteristics of this type of 
regulator is its negative temperature characteristic. 
Simple zener regulators have a positive temperature 
coefficient, which causes the battery to overcharge 
in the summer and undercharge in the winter. The 
opposite characteristics are desirable. Failure modes 
have been arranged to cause an open circuit in the 
shunt element, thus permitting the array to charge 
the battery in the event of a regulator failure. Battery 
status can be monitored by occasional on-site check¬ 
ups or by telemetry. 

array orientation 

Proper array orientation is required to provide max¬ 
imum power output during the year. Peak output 
occurs when the sun's rays are at normal incidence 
to the array plane. To obtain maximum output, the 
array is oriented true south (north in the Southern 
Hemisphere) and inclined from horizontal to an angle 
approximately equal to the latitude at which the site 
is located. This angle is then increased a few degrees 
to optimize the array for the winter months when the 
days are shorter and the sun is at a lower angle. Solar 
intensity is constant at all times of the year, but the 
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NOTES 

t RESISTANCE /,V OHMS K’lOOO, 1/2 WATT 
UNLESS SPECIFIED OTHERWISE. 

2 RJ. R4. ARE METAL FILM. R5 IS CERMET 
3. CAPACITANCE IN pF 
* R5 IS SET FO* APPROXIMATELY 14 WC 
WITH LOAD AND BATTERY DISCONNECTED 
*3 CR2 IS SPECIAL LOW FORWARD 
DROP DEVICE 

fig. 3. Voltage regulator protects the battery from over* 
charging. Diode CR2 prevents the battery from discharging 
through the array during hours of darkness (Courtesy Solar 
Power Corporation). 

solar day is shorter in the winter; hence, the net 
accumulated energy is lower. Fortunately, the solar 
array generates more power at lower temperatures, 
thus offsetting some of the loss. 

A tracking array could be designed to follow the 
sun, but the additional power generated would prob¬ 
ably be consumed by the tracking system. Reduced 
reliability would also be introduced into the system 
because of the mechanical components. In short, 
tracking sytems are not a good investment at 
this time. 

equipment selection 

The cost of solar systems requires that detailed 
attention be given to operating power requirements 
and system power overhead. Ideally, the system 
would draw no power during standby and would 
convert all current consumed by the transmitter into 
rf power. Of course, this isn't possible; therefore, the 
system designer must minimize repeater standby cur¬ 
rent and maximize transmitter efficiency. Obviously, 
vacuum-lube equipment can't be used. Surprisingly, 
most available solid-state, base-station equipment 
isn't sufficiently efficient to be considered. Solid- 
state mobile or portable equipment is a good choice, 
because it lacks many of the frills found in base-sta¬ 
tion equipment. Pilot lamps and similar amenities 
should be powered down or disconnected. Logic cir¬ 
cuits should draw a minimum of power, CMOS 
devices can operate at high-voltage levels with amaz¬ 
ingly low current consumption. The WR5ARO identi¬ 
fier is built with CMOS and draws about 50 tiA. Like¬ 
wise, the COR, control circuitry, supervisor, and 
timers all combined draw less than 1 mA. 

Reasonable numbers to achieve in equipment 
design or selection are idle currents (total) of 5-20 


mA and transmitter efficiencies of 60 per cent. Under 
these circumstances, the size of the solar array will 
be a direct function of the transmitter output power. 

If operation below 0°C is anticipated, extended 
temperature devices are required. It's wise to make 
sure that the circuitry will operate over the expected 
temperature extremes. 

critical parameters 

The most difficult data to obtain in designing a 
solar-powered repeater is the time the repeater is 
actually on the air. The time that the repeater is used 
varies from location to location and is also deter¬ 
mined, to a great extent by the number of other 
repeaters in the area. The transmit time and transmit¬ 
ter power output will directly determine the size of 
the solar array. A mistake made in this estimate could 
be very costly; over-estimation is expensive; under¬ 
estimation is embarrassing. The best estimate can be 
obtained by timing the repeater use. The data should 
be accumulated for as long a period as possible. 
Ideally the period measured should be one year; this 
measurement will average out the concentrated 
operating times, seasonal variations, and other 
factors. 

If the repeater is to cover an area not presently 
covered by an existing repeater, an arbitrary decision 
should be made regarding the length of time the 
transmitter will be in use. When the repeater has 
been in service for a period of time, the amount of its 
use can be determined. The transmitter output pow¬ 
er can then be adjusted upward or downward to 



Dupfexer cavities are mounted in a barrel. Styrofoam pack¬ 
ing chips slow rapid thermal changes. Cavities are copper- 
plated steel to minimize any detuning due to thermal 
stresses. 
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Solar panel is oriented true south and is inclined about 40 
degrees for horizontal. Latitude of the repeater is approxi¬ 
mately 36 degrees north. An additional four degrees of in¬ 
clination optimizes the array output during winter when the 
sun is lower in the sky and days are shorter. 

match the time use to the solar array. WR5AR0 was 
designed to handle one-half the local traffic load 
that's presently divided between four local, wide- 
coverage repeaters. At its present power output, the 
repeater can comfortably provide 35 hours of opera¬ 
tion per week. 

Battery capacity is an important consideration in 
system design. The capacity figure will determine 
how long the repeater will operate when the solar 
array is not charging, or when the repeater is being 
used at a current rate greater than can be supplied by 
the array. It's necessary for the solar array to supply 
more current than the repeater will consume. It's not 
necessary for the array to fully charge the battery 
each day. The system can tolerate some deficit as 
long as the battery is not damaged by freezing or any 
peculiarities typically inherent to the type of battery 
used. 


design procedure 

Designing a solar power supply for a repeater isn't 
difficult. Remember that solar energy collection is a 
cumulative process. Its occurence is very regular and 
very predictable. Year-to-year variations are less than 
10 per cent. Repeater use must be averaged to fit the 
collection criteria. The battery capacity is selected to 
be adequate to equalize the short-term variations in 
repeater use and local weather phenomena, which 
are highly unpredictable. The steps necessary for 
design are as follows: 

1. Determine solar insolation for the proposed site. 
Source data can be obtained from sources listed 
at the end of this article. Fig. 2 may be consulted 
directly. 

2. Determine continuous idle current, multiply by 
24 hours to determine the daily idle current ampere- 
hours. 

3. Determine the transmitter current; multiply it by 
the transmitter on time to determine the daily aver¬ 
age transmitter ampere hours. 

4. Average the repeater load over a 24-hour period. 
Then, divide the idle ampere-hours plus the transmit 
ampere-hours by 24. This is the average load current. 
This number must be less than the average charge 
current as supplied by the array. 

5. Determine the peak-panel output. The average 
solar intensity should be found (step 1) and divided 
into the average daily load current. Remember that if 
the average intensity is 22 mW/cm 2 , then the aver¬ 
age current available from a solar panel will be 22 per 
cent of the peak. 

6. Calculate the "no-sun" storage requirement of 
the battery. Ten days of storage is an average num¬ 
ber. Multiply the total ampere-hour load (steps 2 and 
3) by ten to obtain the battery capacity. 

Note that nothing has been said about battery- 
charging efficiency. Battery efficiency cancels, 
because the charging voltage is greater than the dis¬ 
charge voltage. The solar array provides the addition¬ 
al charging voltage required by design, with no sacri¬ 
fice in performance. This assumption is valid if the 
internal leakage of the battery is not great (less than 
3-5 per cent per month). 

conclusions 

Solar power is useful in providing adequate power 
to operate a radio repeater if care is used in designing 
the system. The designer has a wide latitude of op- 
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tions available. Enough considerations have been 
given to demonstrate that gross overdesign of a 
solar-power generator is not necessary. Attention to 
details and careful consideration of all available op¬ 
tions will produce an economical design. 

The Redondo Peak repeater has been in full solar- 
power operation since June 18, 1977. There has been 
no down time. A system checkout on December 16, 
1977, showed that the solar array was generating its 
rated poweroutputand the battery wasfully charged. 

The cost of the solar generator, when averaged 
over its 20-year life, comes to about $35 per year. 
This number compares quite favorably with the price 
charged to many mountain-top customers for similar 
power. As the price of solar power drops, so will the 
yearly cost for power generated by this means. In to¬ 
day's energy-cost spiral, solar power will become 
very attractive in the near future. 



Headquarters 
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WR5AR0 

Specifications 

idle current (mA) 
transmit current (A) 
operation 

design average daily use 
transmitter power output (W} 
effective radiated power (W} 
solar array source 

battery source 

environmental characteristics 


12 . 

1.07. 

available 24 hours (open repeater). 
2.5 hours per day. 

9.5. 

35. 

Solar Power Corporation 
E-01 -369-1.5 (1.5 A peak output). 
Globe Union Gel Cel 40 A-h 
(2 each GC12200). 
elevation 3.43 km (11,254 feet), 
temperature - 34°C to 38°C 
(-30F to 100°^), solar insolation 
750 kJ/cm 2 /year. average solar in¬ 
tensity 23.7 mW/cm 2 . rainfall 46 
cm (18 inches) per year, snowfall 
91 cm (36 inches) per year. 


Sample Calculations Using WR5ARO Data 

Step 1 Solar insolation data = 750kJ/cm 2 /yr = 23,7mW/cm 2 . 

Step 2 Continuous load = 0.012 A x 24 hrs = 0.288 A-h. 

Step 3 Intermittent load = 1.07 A x 2.5 hrs = 2.675 A-h. 

Step 4 Daily average load = 2.963 A-h/24 hrs = 0.123 A. 

Step 5 Peak panel output = 0.123 A + 10 per cent/(23.7 
mW/cm 2 /10Q) = 0.570 A peak. 

Step 6 Storage Capacity = 2.963 A-h x 10 days - 29.63 A-h 
battery. (Add some additional capacity to prevent freezing 
In the winter). 

ham radio 


Dozens of Distributors offer you a selection 
of YAESU products. Some might even quote 
you a slightly lower price. But—no one can 
serve you better than Clegg when you 
choose any item from YAESU's extensive 
product line. Because: 

1. We have YAESU products in stock. 

2. We know YAESU products inside 
and out. 

3. We service all YAESU products. 

If you are considering upgrading your sta¬ 
tion with a new YAESU FT90I—or an FT- 
225RD—or an FT301—or merely a YAESU 
clock—call us TOLL FREE today 
YAESU and Clegg guarantee your satisfac¬ 
tion with the product and with the service. 


To expedite our service to you, we have 
departmentalized our telephone sys¬ 
tem! Call Clegg for YAESU or any other 
requirement for your station. 


ORDERS AND QUOTES: 

TOLL FREE 1-800-233-0250 
SERVICE DEPARTMENT: 

TOLL FREE 1-800-233-0337 
ENGINEERING, PURCHASING, 
ADMINISTRATION AND ACCOUNTING: 
1-717-299-7221 


rm 


Communications Corp 


1911 Old Homestead Lane 
Greenfield Industrial Park East 
Lancaster, PA 17601 
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universal digital readout 


A universal digital 
readout system featuring 
reduced ambiguity, 
high input frequency, 
and low power 
consumption 

This article describes a relatively simple design for 
a digital dial that evolved over several years of build¬ 
ing and improving. For easy home duplication, it 
uses a minimum number of specially selected com¬ 
ponents. It is adaptable to virtually all types of short¬ 
wave equipment. Options are also described for low- 
power operation and reduced last-digit flicker. 

The counter is connected to the vfo of the equip¬ 
ment and preset to the i-f, or the complement of the 
i-f. It is wired to count up or down depending on the 
internal frequency scheme of the equipment. It is 
even possible, without knowing these parameters, to 
set up the counter using only one calibration point 
and check whether the frequency indication moves 
in the right direction. 

This counter has a 35-MHz capability, and thus 
covers the entire conventional shortwave range (3 to 
30 MHz). It is therefore possible to measure the fre¬ 
quency that is generated by the premixing scheme in 
Drake equipment. 

counter components 

counter and readout. The basic four-digit counter 
consists of four low-power Schottky BCD counters, 
the 74LS190 (see fig. 1). The BCD outputs of the 
counters are connected to special LED readouts 
which contain an internal latch/decoder. The read¬ 
outs, HP-type 7300, are somewhat expensive. How¬ 
ever, for the home brewer they immensely simplify 
construction. 

As mentioned, the counter reads only the four 
most significant digits, since the MHz digits have 
always been read from the band switch in the past. 
Plus, the complexity of added digits might make the 


job more than the average ham would want for a 
home project. The motto here is keep it simple, 
time base. The time base is a very simple circuit. It 
consists of a single 1C (CD4060) and a crystal, a trim¬ 
mer capacitor, and a resistor. The 1C contains the 
necessary amplifiers for a crystal oscillator and 14 di- 
vide-by-2 stages. At the output of the last stage, 
labeled Q 14 , the oscillator frequency has been divided 
by a factor of 2 14 . Starting with a 409.6-kHz crystal, 
the final output is a 25-Hz squarewave. This output, 
plus the 50-Hz squarewave from Q 13 , are used to 
generate the necessary counter timing pulses, 
counter timing. Operation of a counter generally re¬ 
quires various timing pulses to control the counter. In 
a conventional counter, the count gate provides a 
precisely timed interval which allows the number of 
counts admitted to be equal to the frequency of the 
signal. Since frequency is measured in terms of 
events per second, this gate is always a fraction of a 
second. Or, in this case, where we want to read tc 
hundreds of Hz, the gate is exactly 0.01 second long. 
Other pulses are required for presetting the counter 
to a fixed starting number (frequency) and for trans¬ 
ferring the final count to the readouts. 



fig. 1. Simplified block diagram of the universal digital 
readout. 


The count gate, the display, and the preset pulse 
are all derived from the two squarewaves provided by 
the time base (see fig. 2). The first two gates con¬ 
nected to the CD4060 buffer the CMOS outputs of 
the time base. 

preamplifier. A preamplifier, though not always 
necessary, is a good idea. It not only increases sensi- 

By Gerd Schrick, WB8IFM, 4741 Harlou Drive, 
Dayton, Ohio 45432 
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fig. 2. Schematic diagram of the three different timebase versions. In A, the count gate is actually enabled for 20 mS, but since 
the counters are held in the preset state for the first 10 m$, the time that the counters are allowed to be clocked is 10 mS. The 
low-power version, B, runs the display at a 25 per cent duty cycle. For the low-ambiguity version, C, the crystal is changed to 
204.8 kHz, effectively quadrupling the count gate to 40 mS. 


tivity but also acts as a buffer, reducing possible 
spurious responses in the receiver generated by the 
tinning pulses. A single transistor, as shown in fig. 3, 
is used in common-emitter configuration. The sensi¬ 
tivity is better than 50 mV RMS from 100 kHz to 30 
MHz, The maximum voltage is about 1 volt RMS. 
power supply. The digital dial, using mainly TTL- 
devices, requires a 5-volt dc power source. The cur¬ 
rent, depending on the desired version, will range 
from 170 mA for battery-powered equipment to 500 
mA for the low-ambiguity 100 per cent display 
version. 


last digit ambiguity 

The problem last-digit ambiguity arises from the 
fact that the count gate, as generated from the crys¬ 
tal oscillator, is not synchronized to the incoming fre¬ 
quency. The gate will sometimes accept an addition¬ 
al count, changing the digit, for example, from a 5 to 
a 6, This is the well-publicized ± 1 digit ambiguity 
that digital counters exhibit. One way of overcoming 
this ambiguity is to increase the number of digits 
counted, yet only display a limited number. This, in 
effect, is the same as simply covering the blinking 
digit. 
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Or 



fig. 3. Schematic diagram of a simple buffer/preamplifier 
which can be used between the counter and the receiver. 
Sensitivity is better than 50 mV RMS. 


The conventional counter can achieve the addi¬ 
tional counts only by lengthening the gate; if we con¬ 
sider another decade, the count gate would be 0.1 
second, reducing the counter's final update rate to 
only 6-8 Hz. It is still possible, using the memory cap¬ 
ability of the readout, to obtain a blink free and 
almost instantaneous update when turning the dial of 
the VFO. 

However, it is not actually necessary to add a com¬ 
plete decade to the counter; any integer will do. How 
then is the ambiguity affected by the addition of the 
new counter? fn reality, it never goes away. What 
does happen is that the probability that the ± 1 ambi¬ 
guity will occur is reduced by the reciprocal of the 
additional factor. For example, if you add a divide- 
by-two, the probability will be reduced by 1/2, or 50 
per cent; for a divide-by-four it will be 1/4, or 25 per 
cent. However, for this reduced probability, there is a 
price that must be paid. The count gate will have to 
be lengthened by the same factor. 

programming 

To program the counters, the individual load lines, 


labeled Da, Dg, Dc, Dp in fig. 4, are connected ac¬ 
cording to the required BCD code. To program a 5 in¬ 
to a particular counter, ground the data lines for Dg 
and Dq. The other data lines may remain open or 
connected to + 5 volts. 

A simple scheme using a single pole, double¬ 
throw switch, as shown in fig. 5, can be used to pre¬ 
set the counter to two different starting frequencies. 
For more than two positions, a multiple-deck switch 
would be required. 

counter options 

standard version. This is the simplest form of the 
digital dial, with no precounting to reduce ambiguity. 
The time base generates a 0.01-second gate, giving a 
readout to the nearest 100 Hz, The display is updated 
at the rate of 25 Hz, with a display duty cycle of 50 
per cent. Power requirements are 5 volts at 300 mA. 

low-power version. In this version the time base 
output is slowed to 0.02 second, permitting the addi¬ 
tion of a single divide-by-two counter which reduces 
the last digit flicker to 50 per cent. The display duty 
cycle is also reduced, to 25 per cent, giving a some¬ 
what dimmer, but still quite visible, display. The up¬ 
date rate is still 25 times per second. Power con¬ 
sumption is under 1 watt (170 mA at 5 volts). 

low-ambiguity version. For a little added complexi¬ 
ty, this version is the most useful for fixed-station 
use. The time base is further slowed to 0.04 second 
by substituting a 204.8-kHz crystal for the 409.6 crys¬ 
tal. With this change, a divide-by-four prescaler, 
which reduces the last digit ambiguity to 25 per cent, 
can be used. 

Since the update rate is now only 12.5 Hz, an intol¬ 
erable flicker would occur if the display were switched 
at that rate. To eliminate the flicker, the latch in the 



fig. 4. Schematic diagram of the four 74LS190 counters and the HP-7300 LEDs. The R line, connected to pin 5 of the 7300s, is used 
to strobe the latches when used in the low-ambiguity version. Pin 5 of the counters is taken low for up counting, and can be left 
open to count down. 
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DATA/ INPUTS 


4th 3rd 2nd 1st 



fig. 5. Example of using a single-pole double-throw switch 
to select different preset programming. Those lines that 
are always high are (eft open, while those that are always 
low are held low. The switch changes the level into the in¬ 
puts depending upon the preset value. 


7300s is also strobed, giving a 100 per cent display 
cycle. Even with the bright display power consump¬ 
tion is quite reasonable, 500 mA at 5 volts. 

checkout and calibration 

With an adequate power supply connected to the 
counter, checkout and calibration can be completed 
in a few simple steps: 

1. Program the preset inputs according to the re¬ 
quired BCD input. For a quick check, the number 7 
can be programmed into the counter by grounding all 
pin 9s. 

2. Apply a stable rf signal to the input of the pream¬ 
plifier. The counter should count either up or down, 
depending upon the input to the control pin. 

3. Next, apply a signal of known frequency (crystal 
calibrator, for instance). Check the displayed fre¬ 
quency against the input, the preset, and whether 
the counter was programmed to count up or down. 


parts list 
4 ea 74LS190 

4 ea HP 7300 Numerical Indicators 

1 ea CD 4060A 

4ea Resistors 2.2k, 15k, 22k, 

33k, 1 /4 W 

5ea Ceramic Cap 2x,1,800p, 

360p, 50p BOV 
lea Trimmer Cap 35p 
1 ea Rectifier Diode 1 A, BOV P1V 
1 ea LM 309 K 1C 
1 ea Electrolytic Cap 250 15V 

div. HW, sockets, chassis, etc. 


Plus: 

Standard Version 
409.6 kHz crystal 
PNP trars. 

8200 Res. 

Low-Currant Version 
409.6 kHz crystal 
PNP trans. 

74LS109IC 
8200 Res. 

Low-Ambiguity Version 
204.8 kHz crystal 
74LS109IC 


If all readings are correct, the counter can then be 
permanently connected to the receiver. 

bibliography 
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the W6TOG* 

RECEIVER MODIFICATION KITS 

INCREASE SELECTIVITY • IMPROVE SENSITIVITY 
LOWER INTERNAL NOISE 
IMPROVE NOISE BLANKER OPERATION 
COMBAT BLOCKING FROM LOCAL SIGNALS 


TS-520 KIT.$27.50 FT-101 SERIES KIT ... $32.50 

TS-520S KIT. 32.50 FR-101 SERIES KIT ... 34.50 

TS-820 & 820S KIT. .. 34.50 FT-301 SERIES KIT . .. 34.50 

R-599 A/D KIT. 27.50 FT-901 SERIES KIT ... 34.50 


EXPLICIT INSTRUCTIONS MAKE MODIFICATION A CINCH 

■S- 

IT’S MAGIC... 

IT’S “MAGICOM” 

PROCESSOR MODIFICATION KIT 

IMPROVES AUDIO PUNCH 
IMPROVES PROCESSED SPEECH QUALITY 

Converts TS-820 / 820S speech processor from RF 
compressor to RF clipper $27.50 
RF speech processor for TS-520 / 520S $42.50 
The “MAGICOM” RF processor module provides up to 
6dB increase in output with smooth, clean, 
non-distorted audio and more penetration for those 
pile-ups. 

ENDORSED BY W6TOG AND BIG GUN DXers WORLD WIDE 

the W6TOG* 

INTERNAL ELECTRONIC KEYER 

FOR ALL AMATEUR TRANSMITTERS OR 
TRANSCEIVERS USING GRID BLOCK KEYING 

• No holes mounting with TS-820 Series 

• Mounting options for TS-520, TS-520S, FT-101 
Series, TR4 Series, T4X Series, T-599 Series and 
32 S Series. 

• C-MOS DESIGN — Dot and dash memory — full 
iambic or manual operation. 

• Simple installation $49.50 

THE S-F RE JEKTOR 
FILTER 

AN INTEGRATED CIRCUIT 
ACTIVE BANDPASS FILTER 
FOR PROCESSED RECEIVER AUDIO 

• Separate active filter elements 
for CW and SSB audio output stage 
• 8 ohm input and output impedance 

• Headphone jack for convenience 

• ON CW: from 500 hz to 100 h 2 , variable 

• ON SSB: 2 Khz fixed bandwidth 

• Rejects unwanted signal better than 60 dB 

• Designed for today’s transceivers 

or yesterday’s older equipment $49.50 
♦WELL KNOWN DXer WITH OVER 300 COUNTRIES CONFIRMED. 


All prices postpaid in Calif, add 6% sales tax Mastercharge & Visa accepted 

X SATISFACTION GUARANTEED OR MONEY REFUNDED J 
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the Oscar Calcu-puter 


If you are adventuresome enough to attempt 
automatic antenna tracking of Oscar, but don't have 
the necessary bucks to tie into a computer, this arti¬ 
cle should be just what you need. Even if mathemat¬ 
ics isn't your strong suit, don't get discouraged, read 
on. The formulas for tracking Oscar are not that 
tough, especially if you apply one of the inexpensive 
hand calculators. Unfortunately, the main disadvan¬ 
tage of the hand-calculator method is the need to 
constantly manipulate the buttons, even for informa¬ 
tion for the Oscar pass. This article will explain my 
method of solving this problem — automating a 
small hand-held calculator. I'll even explain a few 
ideas for making a complete steering system. That 
way all you have to do is enter the equator crossing 
longitude, punch a button when Oscar crosses the 
equator, and from there on it's automated all 
the way. 

program explanation 

The terms I've used in the program (see fig. 1) 
have been summarized in table 1. In addition. I've 
assigned line numbers to each program step to make 
it easier to follow. Actually, the program is divided 
into six separate parts, each part solving one of the 
following equations: 1 


Lat(T) — sin~ *[0.9790-sin (3.1319T)] (1) 

Long(T) = 

C05-" 1 {cos(3.1319T)/cos[Lat(T)] } +0.2 3T+Lo (2) 
D = cos ~ 1 (sinAsinB + cos A cosBcosL) (3) 

Az — cos~ l[(sinB — sinAcosD)/cosAsinD ] (4) 

El = 90~ tan~ 1 [4867sinD/(4867cosD- 3937) ] (5) 

M= (4867cosD— 3937)/ cos(90 — El) ( 6 ) 


Steps 004 through 030 solve eq. 1, 031 to 058 eq. 


2, 059 to 108 eq. 3, 109 to 148 eq. 4, 149 to 191 eq. 
5, and steps 192 to 203 for eq. 6. Each step is actually 
a single key-stroke on the calculator. There are sever¬ 
al steps that should be briefly explained. This might 
eliminate program questions as you follow the equa¬ 
tions through the program. 

Step 000 represents the unit being turned on. In 
addition, other circuitry resets the external logic back 
to a common starting point. The one-shot multivibra¬ 
tor which performs the reset function also enables 
the clock gate. Anytime the clock gate is enabled, 
the sequencer is allowed to advance to the next pro¬ 
gram step. If the gate is disabled, the program will 
stop on that particular step. This is an important 
feature, as I'll explain later on. 

Steps 001 through 003 merely clear the calculator 
of any previous computations or stored answers. The 
next two steps shift the calculator into four decimal 
place readout. The calculations are actually done to 
the limit of the ICs involved, and the answers round¬ 
ed. For all program steps you'll notice a listing for 
type of entry. This notation is explained in table 2. 

Program steps 013 and 014 cause the time since 
the satellite crossed the equator to be entered into 
the calculator. This is entered as even minutes and 
results in a readout for antenna azimuth, elevation, 
and distance to the satellite for each minute of the 
pass. In theory, at least, if you provide the correct ini¬ 
tial data and accurately enter the time, the calculator 
could provide information for tracking for the next 
pass, or even several later passes. This is limited only 
by the accuracy of the entries you make, and could 
easily be updated. 

The last unusual steps are 038 and 039. In some 
calculations it is easier to find a denominator before 

By Dave Brown, W9CGI, Route 5, Box 39, 
Noblesville, Indiana 46060 
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fig. 1. Program solved by the Calcu-puter. When broken into parts, this program will solve the six equations necessary to track 
Oscar. 


Type of 

Program 


Type of 

Program 


Entry 

Step 

Key 

Entry 

Step 

Key 

* 

000 


S 

051 

EQX 1 

K 

001 

DPS 

C 

052 

DP 

M 

002 

CLR 

S 

053 

EQX .1 

M 

003 

CLX 

S 

054 

EQX .01 

D 

004 

DPS 

M 

055 

+ 

D 

005 

4 

Me 

056 

STO 

Co 

006 

3 

Me 

057 

5 

C 

007 

DP 

M 

058 

CLX 

Co 

008 

1 

Cq 

059 

LAT 10 

Co 

009 

3 

Cq 

060 

LAT 1 

Co 

010 

1 

C 

061 

DP 

Co 

on 

9 

Cq 

062 

LAT . 1 

M 

012 

ENT 

Cq 

063 

LAT .01 

Ti 

013 

^tsns 

Me 

064 

STO 

Ti 

014 

^ones 

Me 

065 

6 

Me 

015 

S'1'0 

T 

066 

SIN 

Me 

016 

1 

Me 

067 

STO 

M 

017 

X 

Me 

068 

7 

Me 

018 

STO 

Me 

069 

RCL 

Me 

019 

2 

Me 

070 

3 

T 

020 

SIN 

T 

071 

SIN 

C 

021 

UP 

Me 

072 

STO 

Co 

022 

9 

Me 

073 

8 

Co 

023 

7 

M 

074 

X 

Co 

024 

9 

Me 

075 

STO 

Co 

025 

0 

Me 

076 

9 

M 

026 

X 

M 

077 

CLX 

T 

027 

INV 

Me 

078 

RCL 

T 

028 

SIN 

Me 

079 

6 

Me 

029 

STO 

T 

080 

COS 

Me 

030 

3 

Me 

081 

STO 

T 

031 

COS 

Me 

082 

1 

Me 

032 

STO 

M 

083 

ENT 

Me 

03 3 

4 

Me 

084 

RCL 

Me 

034 

RCL 

Me 

085 

4 

Me 

03.5 

2 

M 

086 

ENT 

T 

036 

COS 

j Cq 

087 

LONC 100 

M 

037 


Cq 

088 

LONG 10 

K 

038 

DPS 

Cq 

089 

LONG 1 

K 

039 

1/X 

C 

090 

DP 

T 

040 

INV 

Cq 

091 

LONG .1 

T 

041 

COS 

Cq 

092 

LONC .01 

C 

042 

DP 

K 

093 

ENT 

Co 

04 3 

2 

Me 

094 

RCL 

Co 

044 

5 

Me 

095 

5 

Me 

045 

RCL 

M 

096 

- 

Me 

046 

1 

1 x 

097 

COS 

M 

047 

X 

M 

098 

X 

M 

048 

+ 

M 

099 

X 

S 

049 

EQX 100 

Me 

100 

RCL 

S 

050 

EQX 10 

1 Me 

101 

9 


Type of 

Program 


Type of 

Program 


Entry 

Step 

Key 1 

Entry 

Step 

Key 

M 

102 

+ 

Me 

154 

STO 

Me 

103 

STO 

Me 

155 

7 

Me 

104 

2 

Me 

156 

RCL 

T 

105 

INV | 

Me 

157 

2 

T 

106 

COS 

M 

158 

X 

Me 

107 

STO 

Co 

159 

3 

Me 

108 

3 

Co 

160 

9 

Me 

109 

RCL 

Co 

161 

5 

Me 

110 

7 

Co 

162 

7 

M 

111 

ENT 

M 

163 

- 

Me 

112 

RCL 

Me 

164 

STO 

Me 

113 

2 

Me 

165 

8 

M 

114 

X 

Me 

166 

RCL 

Me 

115 

STO 

Me 

167 

7 

Me 

116 

5 

M 

168 

ENT 

Me 

117 

RCL 

Me 

169 

RCL 

Me 

118 

8 

Me 

170 

6 

M 

119 

ENT 

M 

171 

X 

Me 

120 

RCL 

M 

172 


Me 

121 

5 

T 

173 

INV 

M 

122 

- 

T 

174 

TAN 

Me 

123 

STO 

Me 

175 

STO 

Me 

124 

5 

Me 

176 

9 

M 

125 

CLX 

Co 

177 

9 

Me 

126 

RCL 

Co 

178 

0 

Me 

127 

1 

M 

179 

ENT 

M 

128 

ENT 

Me 

180 

RCL 

Me 

129 

RCL 

Me 

181 

9 

Me 

130 

3 

M 

182 

- 

T 

131 

SIN 

Me 

183 

STO 

Me 

132 

STO 

Me 

184 

1 

Me 

133 

6 

D 

185 

DPS 

M 

134 

X 

D 

186 

0 

Me 

135 

RCL 

R 

187 

GoSUB2 

Me 

136 

5 

D 

[88 

DPS 

M 

137 

T 

D 

189 

4 

K 

1 38 

DPS 

Me 

190 

STO 

K 

139 

1/X 

Me 

191 

6 

T 

140 

INV 

Me 

192 

RCL 

T 

141 

COS 

Me 

193 

8 

D 

142 

DPS 

M 

194 

ENT 

D 

143 

0 

Me 

195 

RCL 

R 

144 

CaSUBl 

Me 

196 

1 

D 

145 

DPS 

T 

197 

COS 

D 

146 

4 

t M 

198 


Me 

147 

STO 

D 

199 

DPS 

Me 

148 

4 

D 

200 

0 

M 

149 

CLX 

R 

201 

CoSUB3 

Co 

150 

4 

Me 

202 

STO 

Co 

151 

8 

Me 

203 

5 

Co 

152 

6 

** 

204 

STOP 

Co 

153 

7 

** 

205 

END 


its associated numerator. This leads to dividing the 
denominator id) by the numerator in), or d/n . To get 
the correct answer (n/d vs d/n), the reciprocal key 
(1/X) is used after the division answer has been 
obtained. On my calculator, I have to use the DPS 
key to access the 1/X function. This accounts for the 
use of two steps. 

circuit description 

The heart of the automating device is a 1702A 
EPROM (see fig. 2). The program, from fig. 1, is 
entered into the PROM such that the outputs, when 
decoded, will electrically press the appropriate keys 
on the calculator. For general use, a RAM would be 
more appropriate, but I wanted to solve one specific 
problem: the equations necessary to track Oscar. 

The 1702A PROM has 256 distinct address loca¬ 
tions, enough to handle the 205-step program. Each 
step of the program represents a sequential binary 


address in the PROM. As seen in the schematic dia¬ 
gram, 74193, 4-bit binary counters are used to 
sequentially address the 1702A. I decided to use the 

table 1. Definition of terms used in the Calcu-puter 
program. 

(T) Time in minutes since EQX 

Lat(T) Satellite sub-point Latitude in degrees at (T) 

EQX Satellite equator crossing reference 

Long(T) Satellite sub-point Longitude in degrees at (T) 

Lo Satellite sub-point Longitude in degrees at EQX 
D Great Circle distance Stn to Sat in degrees 
Stn Station location (your QTH) 

Sat Satellite location 

A Latitude of Stn in degrees 

B Lat(T) 

Ls Longitude of Stn (QTH) in degrees 
L Ls-Long(T) 

Az Azimuth bearing for antennas (from true North) 

E or El Elevation bearing for antennas (from horizon upward) 

M Distance in statute miles from Stn to Sat (true position) 
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CHOOSE RC FOR REQUIRED 
I TO 3 SECOND DELAY FOR 

fig. 2, Schematic diagram of 
the input and output logic con¬ 
nected to the 1702A EPROM. 

The preset inputs for the 74193s 
are normally connected to V cc 
through 1000-ohm resistors. 

The clock and gating connect 
to the input of the first 74193 as 
shown in fig. 3. If required, 
buffers can be inserted be¬ 
tween the outputs of the PROM and any external devices. The actual pin numbers on the inverters and NANO 
gates have not been shown to allow flexibility in other systems. To incorporate the trigonometric delay fea¬ 
ture, a 74121 is inserted between the decoder and the 7430 NAND gate. 



ENABLE DEC-4 OUTPUT 
SIN. OR COS, OR TAN 


74193 instead of the 7493, taking advantage of the 
preset capability. This means that the program can 
be started at any spot by simply entering the correct 
starting address into the data inputs and momentarily 
taking load line low. If this capability is not desired, 
the 7493 could be used. 

Eight output lines are available on the 1702A. For 
direct calculator control, I've only used six of the 
available outputs. The first four outputs, bo to b 3 , are 


used as normal addresses for 74154 one-of-sixteen 
decoders. The outputs are simultaneously applied to 
all four decoders. The b 4 and b$ outputs from the 
1702A are also decoded and used to select the appro¬ 
priate 75154. 

The final two outputs, b6 and b 7 , are used as a pro¬ 
gram stop and program halt. When step 204 is ad¬ 
dressed, the output from the PROM will be 01000000. 
The high level from the be output is detected and 
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used to stop the program until a new "minutes" time 
is entered. This is one of the different means of dis¬ 
abling the clock gate. Output b~j is programmed in a 
like manner to provide a high output at step 205. This 
output will stop the program, regardless of the 
minutes timer. 


equator, the first flip-flop is set, which in turn sets 
the second flip-flop. Having both set will enable the 
clock gate. 

I have tried to divide the decoders into a logical 
order, with DEC1 using the binary codes for number 
0 through 9, to directly decode the number informa- 


flg. 3. Schematic dia¬ 
gram of the clock gating 
logic. The actual input 
clock frequency will de¬ 
pend upon the speed at 
which your calculator 
can do the computa¬ 
tions. For initial testing, 
it could be as slow as 1 
pulse per second. 



FROM I7QZA 
PROM A g (STOP) 


Two flip-flops are used for clock gating. As seen in 
fig. 3, the one-shot multivibrators receive the various 
start and stop commands. The pulses are then used 
to trigger the flip-flop into the desired states. In addi¬ 
tion, provisions have been made to interface a real¬ 
time clock to signify the equator crossing. When you 
initiate the start command as Oscar crosses the 

table 2. Type of entry notation used in the program. 

* Power on, reset timer (T) and program sequencer to 000, 

and all readouts to zero 

M Machine function — CLX, ENT, +, - etc. 

D Change of decimal point location 
Co Constants defined by Oscar and put into PROM 
Cq Constants defined by your GTH and put into only your 
PROM 

Ti Entry from timer output 

Me Storage or Recall function to/from memory and number 
T Trigonometric function (and added delay trigger) 

K Keyboard shift function (SHIFT that is not DPS) 

S EGX Longitude entry by switches 

C Constant (decimal point entry) 

R Readout Sub routine function (external to calculator) 

** Operational system command (Stop, End) 

STOP Halts calculator until next timer period enters 
END Detects maximum period of pass elapsed — full stop 


tion. The keys for the four basic math functions are 
also included in DECI. As seen in fig. 4, outputs 
from the decoders are used to drive open-collector 
buffers. The buffers then drive the reed relays which 
are connected across the calculator keys. It is imper¬ 
ative that the relays have a very high resistance 
across the open contacts, and also a very low closed- 
contact resistance. 

A complete listing of the respective decoder 
addresses is given in table 3. Note that the first 
address in DECI does not have an associated func¬ 
tion. This is to prevent a problem when the step 204 
and step 205 commands are initiated. If the address 
were used, you would have a simultaneous key clo¬ 
sure in addition to either a stop or halt command. 

You'll notice that the only functions in DEC4 are 
the trig functions. This was done for a very specific 
reason. In most calculators, depending upon the 1C 
set used, a trigonometric operation will take longer to 
perform than a basic math function. This was also 
true in the calculator I used. To overcome the prob¬ 
lem, I needed some method of momentarily stopping 
the program until the calculator had completed the 
trig operation. Otherwise, the program might have 
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advanced several steps without correct data from the 
trig operation. By placing these operations in DEC4, 
detecting any OOlIxxxx number will automatically 
indicate that a trig function is present. After the func¬ 
tion has been detected, a one-shot disables the clock 
gate long enough for the calculator to do the compu¬ 
tation. 

Instead of using this program-delay technique, the 
time between steps could be made long enough to 
allow for a trigonometric operation, but this will con¬ 
siderably slow down the time necessary to perform 
all the calculations. Using the one-shot requires a 
few more parts, but the tradeoff is worthwhile, con¬ 
sidering the time saved. 

The GoSub routines, listed in DEC3, are used to 
output the data from the calculator to external read¬ 
outs and other external processing. Gating for the 
GoSub routines is shown in fig. 5, with a quasi-sche¬ 
matic diagram of the readout system shown in fig. 6. 

On the subject of the GoSub routines, you'll notice 
a DPS 0 step just before each GoSub step in the pro¬ 
gram. This truncates the display to eliminate any 
numbers to the right of the decimal point, and also 
shifts the answer to position the units digit on the ex¬ 
treme right of the display. 

In the multiplexed displays (as used in my calcula¬ 
tor), the same segments of each display are tied 
together, with a digit strobe activating the appropri¬ 
ate digit. The Calcu-puter, as I've aptly named it, is 
interfaced to external readouts by connecting the 
segment information lines and the data strobe lines 
to external latches. Fig. 6 is not an absolute sche¬ 
matic diagram since the voltage levels and required 
interface, will differ between calculators. 2 You'll also 
notice the use of digital information to indicate the 
actual antenna position. This information, combined 
with the Calcu-puter information, nicely lends itself 
to completely automated antenna control. 3 


+ 

RELAY 



DEC3 also decodes the commands necessary to 
enter the equator crossing longitude and time since 
crossing from the external BCD switches. As seen in 
fig. 7, the switches and outputs from the timers are 
OR-wired and used to feed a 7445 BCD-to-decimal 


table 3. DEC output functions. In DEC 2, only the underlined functions are used in the program. 



DEC 1 


DEC2 



DEC3 


DEC4 

binary 

decoded function 

binary 

decoded function 

binary 

decoded function 

binary 

decoded function 

000000 

not used 

010000 

not used 


1000000 

not used 

110000 

not used 

000001 

1 

010001 

SHIFT 

(DPS) 

100001 

EQX100 

110001 

sine 

000010 

2 

010010 

CLX 

(clr) 

100010 

EQX10 

110010 

cosine 

000011 

3 

010011 

ENT 

(sci) 

100011 

EQX 1 

110011 

tangent 

000100 

4 

010100 

STO 

(INV) 

100100 

EQX.1 

110100 

not used 

000101 

5 

010101 

RCL 

(HYP) 

100101 

EQX .01 

110101 

not used 

000110 

6 

010110 

EE 

1/x 

100110 

(T) 10 (minutes) 

110110 

not used 

000111 

7 

010111 

In 

(log) 

100111 

(T) 1 (minutes) 

110111 

not used 

001000 

8 

011000 

sigma + 

(x,s) 

101000 

Go Sub 1 

111000 

not used 

001001 

9 

011001 

+ /- 

(xl) 

101001 

Go Sub 2 

111001 

not used 

001010 

0 

011010 

x-y 

{%) 

101010 

Go Sub 3 

111010 

not used 

001011 

D.P. 

011011 

roll x 

(delta%) 

101011 

not used 

111011 

not used 

001100 

f (add) 

011100 

yx 

(sqr x) 

101100 

not used 

111100 

not used 

001101 

(sub) 

0111101 

not used 

not used 

101101 

not used 

111101 

not used 

001110 

x (mult) 

0111110 

not used 

not used 

101110 

not used 

111110 

not used 

001111 

+ (div) 

0111111 

not used 

not used 

101111 

not used 

111111 

not used 
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fig. 5. Details of the GoSub routine logic. The output pulse, 
in conjunction with the digit strobe, is used to enter the out¬ 
put data into the 7475 latches. 


decoder. The output from the decoder also drives 
reed relays connected across the calculator keys. 

Fig. 6 shows digital information indicating the 
actual azimuth and elevation of my antennas. In 


addition to being applied to the 7485, 4-bit compara¬ 
tors, the information is applied to BCD-to-7 segment 
decoders and readouts. Also, fig. 7 indicates where 
decoders could be connected to readout the time 
since equator crossing. With all the information con¬ 
verted for readouts, I have a panel that shows dis¬ 
plays of: azimuth (beam), azimuth (calculated), ele¬ 
vation (beam), elevation (calculated), distance M 
(calculated), distance M (for later use), time, and 
sequencer location. The sequencer location was 
included as a troubleshooting aid should the program 
ever stop. 

Limit switches have been included in my system to 
stop the antenna from going beyond the prescribed 
limits. If you run the program only during valid pass 
times, the program should never produce invalid 
commands. But, should this ever be a problem, the 
limit switches will prevent major damage. You can 
readily see from the readouts where the problems are 
if they occur. 

Trigonometric functions near 0 or 90 degrees, and 
numbers which result in zero denominators can give 
the program fits, but there just isn't any easy way 
around this. I haven't found it to be a problem, how¬ 
ever, except on way out, very short passes. A final 
note on PROM programming: in steps 059-063 and 



also connected decoders and readouts to indicate the actual antenna position. The 7404 buffers between the calculator and the 
latches may have to be changed depending upon the type of strobe coming from the calculator. 
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* SEE El G. 5 a 6 
FOR GO SUB 
0£M!LS 


fig. 7. The external BCD switches, 
for entering equator crossing 
longitude, are OR-wired with 
the 7490 minutes counters. This 
information is also used to drive 
buffers and relays which input 
information into the calculator. 
The gates are all 7409 open-col¬ 
lector AND gates. The 1 pulse per 
minute clock will have to come 
from an external source. 
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087-092 be sure to enter the latitude and longitude 
for your location, This will be retained as permanent 
information in the PROM. 

concluding comments 

The primary message of this article has been to 
show you that a complete computer/microprocessor 
is not required to do simple math problems. The 
PROM is in a sense a simple BASIC language like no 
other, ft has automated a ca/cufator, providing both 
for inputing and outputing of data, much in the same 
way as a full-scale computer. 

I did write a program in algebraic notation instead 
of RPN, but quickly discarded it when I couldn't find 
an inexpensive calculator with enough onboard 
memory. Lacking this capability meant dumping out 
the interim answers, performing more calculations, 
and retrieving the interim answers before the final 
numbers could be outputed. It generally amounted 
to a lot more hardware, fast approaching a full-blown 
computer, a mess that I wanted to avoid from the 


beginning. The APF 55 calculator I finally used was 
provided by a friend because some of the digit seg¬ 
ments would not light. It was about as cheap, and 
definitely quicker, for him to buy a new calculator 
and give me his remains! Shop around because the 
price on some of the very sophisticated units is get¬ 
ting ridiculously low. For that matter, one of the 
many calculator shops around these days might part 
with some of their damaged returns, for the right 
price. 

For anyone wishing additional information, a self- 
addressed, stamped, envelope will bring a quick 
reply; and any comments on improvements to the 
system will be welcomed. 
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simple video display 


Two projects 
to get you started 
in building a 
video display unit 
using readily 
available devices 

There has been much recent Interest in video 
display units. They can be used as part of a video 
typewriter, for putting up displays on ATV and 
SSTV, and for decoding RTTY and Morse off the air. 
Most of the displays are complex and expensive. 
Even the available kits aren't suitable for those who 
haven't had much experience. For normal use you 
don't need whole screens full of characters, and the 
simple 32-character single-line display described here 
is an excellent beginning for those who would like to 
play around with an inexpensive video display unit. 

description 

The heart of the unit is the Fairchild 3258 dot¬ 
matrix character generator 1C. Externally it's a 16-pin 
package (I hate to think what's inside it!), which ac¬ 
cepts ASCII inputs and produces 64 characters on a 
5x7 dot matrix. Apart from the inputs and outputs, 
the only other signal connections to the chip are in¬ 
puts to a clock and a master reset. The chip has an 
internal clock and addressing system. After the 
master reset input operates and goes high, the in¬ 
formation representing the first row of the character 
is available after the first clock pulse. Subsequent 


clock pulses select the next six rows in turn; after 
that, the outputs are clamped high and the character 
generator stops until another master reset pulse ap¬ 
pears. Thus, if the character-generator clock is 
pulsed at line frequency, the character will appear on 
the screen. 

experimental system: 
one character 32 times 

Fig. 1 shows the logic diagram of the display unit. 
Only nine integrated circuits, including the character 
generator, are required. There is no reference crystal 
or dividing network. I used a monitor from a non¬ 
composite camera and monitor combination and 
simply fed the horizontal and vertical sync pulses into 
the VDU. If you wish to use a regular TV set, it's 
quite easy to add two 555 timers to provide horizon¬ 
tal and vertical sync pulses. Fig. 2 shows the connec¬ 
tions for the monitor, which would be typical, and 
fig. 3 shows the circuit for the 555 timers required. 

system operation 

The second half of the 74123 feeds a gate, which 
feeds a second gate, which in turn feeds back into 
the 74123. This action sets up an oscillating circuit 
whose frequency is determined by the 5k pot in the 
+ 5-volt line. This frequency is used to step the 74195 
shift registers and provides the basic video signal. 
The character-generator output is loaded into the 
74195 shift registers then clocked out in a serial mode 
at the VIDEO OUT terminals. The J and K inputs of 
the first shift register cause highs to be entered as the 
data from the character generator is shifted along. 
Finally, when the six outputs to the 9007 gate are all 
high, a low is sent on the MOD 7 counter line, which 
reloads the shift registers and clocks the horizontal 
character count 7493 ICs. 

By Roy Hartkopf, VK3AOH, 34, Toolangi 
Road, Alphington, Victoria, Australia 3078 
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fig. 1. Logic diagram of the video display unit (VDU). Only nine ICs, including the character generator, are used. 


When this action occurs 32 times, the 7493 pro¬ 
vides an output to the HORIZONTAL STOP line, which 
inhibits the 5-MHz oscillator and stops the sequence. 

This action occupies about two-thirds of a single 
horizontal line. When the end of the TV line is 
reached, a horizontal sync pulse operates the first 
half of the 74123, resetting the 7493 counters, pro¬ 
viding a clock pulse to the character generator. This 
pulse acts to output the information for the next line 
and resets the 74195 shift registers. The sequence 
then repeats for the next line. 

The character generator automatically blanks out 
after a complete row of characters has been sent, 
and if it's required to have more than one row, the 
9316 will count the rows and reset the character 
generator. A vertical sync pulse resets the 9316, so 
the information is always at the same position on 
successive frames. 

There are no critical adjustments in this circuit. 


The 25k pot in the first half of the 74123 positions the 
first character on the left-hand side of the screen, 
and the 5k pot in the second half opens up or closes 
the 32-character-length display so it can be spaced 
evenly across the screen. 

The logic shown in fig. 1 will produce a display of 
one character repeated 32 times across the screen. 
The character will be determined by the ASCII input 
to the character generator. For test purposes you can 
apply a combination of 5-volt and ground inputs as 
required. This can be treated as a project in itself, so 
that those who want to take a bit at a time can do 
this, then go on to the second half of the project. 

32 different characters 

The logic for the second half of the project is 
shown in fig. 4 and again is quite simple. Here, the 
main device is a Fairchild 3349 hex 32-bit static shift 
register. Like the character generator, the 3349 has a 
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fig. 2. Connections for a 
typical monitor (Toshiba 
TMC2AX). 



fig. 3. Circuit using the NE- 
555 timer to provide hori¬ 
zontal and vertical sync 
pulses if a regular TV set is 
used as a monitor. 
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deceptively simple 16-pin package; and again, there 
is a complex integrated circuit inside. 

Only two signal controls are needed: a clock input 
and a load/recirculate input. The clock pulse steps 
the 32 bits in each of the shift registers, which recir¬ 
culate until the LOAD/RECIRCULATE input goes low. 
Then new data is accepted and the data at the other 
end is lost. When the LOAD/RECIRCULATE input 
goes high again, the 32 bits in each of the six shift 
registers at that time resume recirculating. To obtain 
32 different characters across the screen, the shift 
registers must present the six new bits to the 
character generator each time the Mod 7 counter 
operates so that the shift-register clock is fed from 
the Mod 7 counter. This action would produce 32 
characters, but they would be random characters 
that happened to come up when the display was first 


switched on. So we must have some way of putting 
in the characters we want. This is done by 
simultaneously presenting the required ASCII code to 
the shift-register inputs and applying a negative key 
pulse to the set input of a flip-flop. This action sets 
the flip-flop output high and puts a high on the data 
input of a second flip-flop (both halves of a 7474). A 
pulse from the HORIZONTAL STOP line {at the end of 
the display of the 32 characters) clocks the second 
flip-flop. This allows a low to be put on the load input 
and also operates a gate, allowing an extra clock 
pulse (from the horizontal sync) to clock the new 
data into the shift registers. Then, at the end of the 
horizontal sync pulse, the flip-flops are reset and the 
31 old characters and the one new one recirculate 
until another character is entered. 

The two 74121s merely give a controlled-length 



fig. 5. Full-size PC-board layout for both sections of the display unit. It has been tasted by the author and works perfectly. 
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fig, 4, Video-display logic for producing 32 different on-line 
characters. The main device is a Fairchild 3349 hex 32-bit 
static shift register. 


pulse and could be replaced with a resistor-capacitor 
combination, but they were used because the pulse 
length is more controllable. Apart from the shift 
register and flip-flops, the only other ICs are a couple 
of normal gates. The only other point worth mention¬ 
ing is that the shift register outputs require external 
resistors (8.2k) from each output to the - 12-volt 
supply. 

construction 

Two simple circuit boards about 3 inches (76mm) 
square will accommodate the entire system, or it can 
be built on a slightly larger board (fig. 5). It's a good 
idea to use sockets for the character generator and 
the shift register. Sockets for the other devices are a 
matter of personal preference. 

When testing the circuit be very careful not to let 
the - 12-volt supply get into any of the + 5 volt TTL 
devices — it can have disastrous results! 

final remarks 

This project will give a beginner in this area an in¬ 
sight into the principles of VDUs and provide an ex¬ 
cellent starting point for developing something more 
complex. To keep the project as simple as possible 
no attempt has been made to eliminate additional 
lines, so there will be several identical lines of 32 
characters across the screen. In practice, they help 
rather than hinder reading the characters. 
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6 GOOD REASONS 


FOR BUYING A HALTRONIX 
FREQUENCY COUNTER 
(1) 100% COMPLETE KIT. (2) EASY ASSEMBLY. (3) COM. 
PLETELY ENCLOSED IN METAL CABINET. (4) 1C SOCKETS 
USED THROUGHOUT FOR EASY TTL REPLACEMENT (5) EASY 
ON YOUR POCKET BOOK, AND (6) NO EXPENSIVE CHIPS TO 
REPLACE (EXAMPLE — IF YOU LOSE A DECODER. LATCH OR 
DRIVER IN A HAL-TRONIX COUNTER, THE AVERAGE COST 
OF REPLACEMENT OF THE LOW-COST TTLS IS LESS THAN 
$1.00 EXCLUDING THE PRE-SCALE CHIP. IN SOME OF THE 
NEWER COUNTERS NOW BEING MARKETED BY MY COMPE¬ 
TITION. THEY ARE USING THE EXOTIC SINGLE CHIP AND 
WOULD COST YOU CLOSE TO $30.00 TO REPLACE). THIS IS 
SOMETHING YOU SHOULD CONSIDER. 


COMPLETE KITS: CONSISTING OF 
EVERY ESSENTIAL PART NEEDED 
TO MAKE YOUR COUNTER COM¬ 
PLETE H AL-600A 7-DIGIT 
COUNTER WITH FREQUENCY 
RANGE OF ZERO TO 600 MHz. 
FEATURES TWO INPUTS ONE 
FOR LOW FREQUENCY AND ONE 
FOR HIGH FREQUENCY; AUTO¬ 
MATIC ZERO SUPPRESSION. TIME 
BASE IS 1.0 SEC OR .1 SEC GATE 
WITH OPTIONAL 10 SEC GATE 
AVAILABLE ACCURACY ± 
.001%. UTILIZES 10-MHz CRYS¬ 
TAL 5 PPM 

COMPLETE KIT.$129 

HAL-300 A 7-DlGlT COUNTER 
WITH FREQUENCY RANGE OF 
ZERO TO 300 MHz FEATURES 
TWO INPUTS: ONE FOR LOW FRE¬ 
QUENCY AND ONE FOR HIGH FRE¬ 
QUENCY. AUTOMATIC ZERO SUP¬ 
PRESSION TIME BASE IS 10 SEC 
OR 1 SEC GATE WITH OPTIONAL 
10 SEC GATE AVAILABLE ACCU¬ 
RACY ± 001%, UTILIZES 10- 
MHz CRYSTAL 5 PPM. 

COMPLETE KIT.$109 


HAL-50A 8-0IGIT COUNTER WITH 
FREQUENCY RANGE OF ZERO TO 
50 MHz OR BETTER. AUTOMATIC 
DECIMAL POINT. ZERO SUPPRES¬ 
SION UPON DEMAND FEATURES 
TWO INPUTS: ONE FOR LOW FRE¬ 
QUENCY INPUT AND ONE ON 
PANEL FOR USE WITH ANY IN¬ 
TERNALLY MOUNTED HALTRONIX 
PRE-SCALER FOR WHICH PROVI¬ 
SIONS HAVE ALREADY BEEN 
MADE. 1.0 SEC AND 1 SEC TIME 
GATES. ACCURACY ± 001% 
UTILIZES 10-MHz CRYSTAL 5 
PPM. 

COMPLETE KIT.$109 


ATTENTION RADIO CLUBS 

For club or group projects. request FREE 
mlormallon about our DISCOUNTS on 
any ot Itic HAL TRONix Ms Discounts 
range Irom 10-25%. depending upon 
Ihe quantity needed 

We are experienced m supplying fills in 
volume quantities to schools, labors- 
lories, clubs, and common interest 
gioups Nobody deals HAL TRONIX 
quality and price Jusl iry us arid see lor 
ycurself 


FROM 

HALTRONIX 

DELUXE 12-BUTTON TOUCH- 

TONE ENCODER KIT utilizing ihenew 
ICM 7206 chip Provides bolh VISUAL 
AND AUDIO indications 1 Comes win its 
own two-tone anodized aluminum cabt 
net. Measures only ?V« x 3V«‘* Corn 
pieie with Touch-lone pad, board, 
crystal, chip and ail necessary compo 
ncnlsto limsh the kit 

PRICED AT .. . . $29.95 

For those who wish to mount the encoder 
in a hand held unit, me PC board meas 
ures ony 9716" x i*/i" This pafhal kit 
with PC board crysial. chip and com 
nenenis 

PR!CEO AT.S14.95 

PRE-SCALER KITS 

HAL 300 PRE.*19.95 

(Pre-dnlled GlO board and alt 
components) 

HAL 300 A/PRE.$24.95 

(Same as above but with preamp) 

HAL 800 PRE.$34.95 

(Pre-drilled GlO board and all 
components) 

HAL 800 A/PRE.*39.95 

(Same as above but with preampi 

SPECIAL —due lo 

OVERSTOCK (while they last!} 
FAIRCHILD FND-70 

common cathode readouts (can 
replace FND-359 same pin out) 


Oty. 

Price each 

Amount 

10 

40c 

54.00 

100 

35c 

35.00 

500 

30c 

150.00 

1000 

25c 

250.00 


k i* ■ 
v ri. 


•HAL" 

HAROLD C NOWIAND 
W8ZXH 


HAL-TRONIX 

PO BOX 1101, SOUTHGATE, Ml 48195 
PHONE (313) 285*1782 

SHIPPING INFORMATION; 

ORDERS OVER S15 00 WILL BE SHIPPED POSTPAID EXCEPT ON 
ITEMS WHERE ADDITIONAL CHARGES ARE REQUESTED ON 
ORDERS LESS THAN $15 00 PLEASE INCLUOE ADDIftONAl 
SI 00 FOR HANDLING AND MAILING CHARGES SEND SASE FDR 
FREE FLYER 
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updating the 

Collins 32S-1 


Never being satisfied with the status quo when it 
comes to any radio equipment I've ever owned, I 
eventually succumbed to the urge to modify my re¬ 
cently acquired Collins 32S1 transmitter. The modi¬ 
fications described here include the following: 

1. BFO generation of the CW carrier 

2. Voltage regulation of the PTO and HFO 

3. Control of the keyed wave shape 

4. A spotting switch (CW CAL) 

5. The ability to monitor the final-amplifier plate 

(cathode) currents individually 

6. Alterations to the tone oscillator 

The modifications were made to bring the per¬ 
formance of the 32S-1 up to the standards of its suc¬ 
cessor, the 32S-3, without incurring an expenditure 
of some $300-$400 in the process. 

Table 1 identifies the components involved in the 
modifications discussed here. Schematics and parts 
lists should be changed accordingly to reflect these 
changes, since removed components will have their 
identities transferred to newly installed pieces that 
correlate with those used in the 32S-3. 

BFO CW generation 

The 32S-1 generates its CW carrier with a tone fed 
from the tone oscillator through the mechanical filter 
(much like whistling into the mike or feeding AFSK in¬ 
to the mike jack on RTTY). The frequency of the tone 
used in the 32S-1 was chosen specifically so that its 
second harmonic falls well outside the mechanical- 
filter passband. However a weak residual signal still 
exists, and it has been heard on occasion at some 
distance. 

The 32S-3, uses the BFO signal to generate the 
CW carrier, eliminating this residual signal. The resul¬ 
tant on-the-air signal is much cleaner and sounds 
much more like a true CW signal when compared 
with that of the 32S-1. 

Installing this feature requires extra switching capa¬ 
bilities, which must be performed by the EMISSION 


switch, S8. The 32S-1 has four wafers on this 
switch, while the 32S-3 has five. Here are some ways 
in which this additional switching may be handled; a 
separate 4 PDT toggle switch may be used; S8 may 
be entirely replaced; or the existing switch may be 
disassembled and a new index and wafer added. 
Although the first possibility was initially pursued, I 
found it to be inconvenient. The most satisfactory ar¬ 
rangement was to replace the index assembly and 
add an additional wafer to S8. 

The MIC GAIN pot and switch must also be re¬ 
placed with a new unit using two pots commonly 
controlled and switch S14. The additional pot con¬ 
trols the cathode bias (CW DRIVE) on the rf amplifier, 
V6. Both parts are available from Collins; the switch 
is part no. CPN 259-1628-000 and the dual pot and 
switch is part no, CPN 376-2648-0000, 

First, replace the existing MIC GAIN pot with the 
new dual unit. Note that space is at a premium, and 
the possibility of a shorted terminal strip lug exists 
next to V12. To avoid this, mount a two-lug terminal 
strip on the opposite side of the crystal board and 
secure it with the self-tapping screw that holds 
another two-lug strip. Remove the B + ends of R60, 
L20, and the B + feed wire (green/white) from their 
original location. Attach them to the new terminal 
strip. The now empty lug may be bent over to clear 
the pot and switch R8/S14. 

Mount a single-lug terminal strip under the hard¬ 
ware securing the two ground lugs between V13 and 
V4. Lift C20 (0.01 /*F) from ground and connect it to 
the strip. Route a length of RG-174/U cable from this 
junction to the vicinity of S8. Lift R39 (V6, pin 7) 
from ground and connect that end to a single-lug 
strip that has its ground lug straightened and sol¬ 
dered to the ground shield/barrier across V6. From 
this same point, run a wire to R8B and install a new 
R71 (68k/2W) between this lug and the terminal lug 
near V5 where R29 and R30 (4.7k/2W) connect to 
the -F 275-volt line (red/white wire). 

From R8B run another wire to S8-B lugs 9 and 10, 
which are then connected in parallel. In the 32S-1 

By Paul K. Pagel, INI1FB, 4 Roberts Road. En¬ 
field. Connecticut 06082 
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these two lugs are empty, as are those on the wafer 
to which R87 (470 ohms) is attached. Connect the 
empty lug of R8B to ground. 

Connect a 33-ohm resistor (new R70) to V2A pin 9. 
Remove the BFO input cable. At this time S8 should 
be modified or replaced. Assuming the index and 
wafer are to be replaced and added, remove the 
switch and thread some bare wire through the rivet 
holes (which secure the switch contacts on wafers 1 
through 4) at two points 180 degrees apart to prevent 
the spacers from separating from the wafers. Then 
the existing index may be removed, replaced, and 
the 5th wafer added with little effort. 

Wire the switch as shown in fig. 1. Run a wire 
from S8B lug 11 (presently empty) to V10 pin 1 to 
prevent premature VOX relay dropout on CW. 

ALC modification 

Unlike the 32S-1, the 32S-3 does not use ALC in 
the CW position. During CW, switch selection S8G-5 
grounds the midpoint of ALC capacitors C83 and 
C142. This change may be added to the modified 


table 1. Component identification for the 32S-1 mods des¬ 
cribed in the text. 


32S-3 

original 32S-1 

modified 32S-1 


part no. 

part no. value 

part no. 

value 

location 

C81 

not used 

C81 

0.005 pif 

second mixer 

Cl 15 

Cl 15 0.01 m F 

Cl 15 0.33 m F 

keying circuit 

R17 

R17 33k/1W 

R17 

5k/10W 

voltage regulator 

R70 

R70 470k /1/2W 

R70 

33 ohm/1 /2W 

V2A 

R71 

R71 470k/I /2W 

R71 

68k /2W 

B + 


32S-1 by simply adding a jumper wire from S8G-1 
and -2 to S8G-5 (fig. 2). Now, during CW operation, 
the GRID CURRENT position (instead of ALC) is moni¬ 
tored, and the MIC GAIN control is adjusted to obtain 
a grid current reading of 1 to 2 dB on the meter while 
sending a series of dots. 

keying circuit and CW calibrate 

The 32S-3 keying circuit provides some manual 
control of the keyed wave shape, fig. 3. The spotting 
feature (CW CAL) may be installed coincidentally. 
The CW CAL function switch should be front-panel 
mounted for ease of operation. The KEY SHAPE con¬ 
trol, R123, may be located under the lid of the 32S-1 
exciter on the bracket containing the VOX controls, 
or a separate bracket can be made and attached to 
the power-amplifier cage with self-tapping screws. 
Most of the other components are mounted on the 
terminal strips from which the 32S-1 keying circuit 
components will be removed. The addition of a 
single three-lug terminal strip (center ground) be¬ 
tween K1 and V14 ensures that all components are 
securely mounted. 



fig. 1. Schematic of the BFO generated CW showing modifi¬ 
cation of switch S8 to eliminate the weak residual signal in 
the 32S-1 when in the CW mode. 

R70, R71, and R72 may be removed from the ter¬ 
minal strips at the bottom left of the chassis and 
R125 mounted in place of R72; R126 in place of R71; 
and R124 in place of R70. Remove relay Kl's lead 
and mount it onto the newly installed terminal strip. 

Instead of using the multiple-leaf switch and 250k 
pot arrangement of the 32S-3 for the CW CAL func¬ 
tion, a fixed resistor and three-pole rotary switch 
were used (fig. 4). The rotary (or toggle) switch has 
a more positive action and doesn't require constant 
depression to activate the desired function. A value 
of 68k resulted in a satisfactory over-all spotting level 
and this resistor was secured to the two innermost 
lugs of a 5-lug (center-ground) terminal strip mount¬ 
ed with its ground lug soldered to the ground lug of 
the strip behind K1 and at right angles to it. (The 
other lugs will be used in the regulated voltage modi¬ 
fication.) 

Mount the 3PDT switch (S13) on the front panel 
between the FREQUENCY CONTROL and MIC GAIN 
shafts. Center the holes 87 mm (3-7/16 inches) from 
the top of the panel. If done carefully it will appear to 
have been factory installed. 

For ease of wiring and'installation I recommend 
that the FREQUENCY CONTROL switch be temporarily 
removed. Unsolder and tie back the green/white 



fig- 2. A jumper wire is added to switch S8-G to ground 
ALC voltage during CW operation. 
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wire at S9E-1. Wire the remaining circuit according 
to fig. 4. 

In operation the transmitter must be properly 
tuned for CW operation for the CW CAL function to 
be enabled; it will not work on ssb. 

The KEY SHAPE control (R123) should be adjusted 
to eliminate key clicks created by the rapid rise of the 
keyed signal. The effect of this control will be fully 
appreciated when the transmitted signal is monitored 
on an oscilloscope. The control should be adjusted to 
round the leading edge of the waveshape slightly. 

Additional shaping of the waveform on the trailing 
edge may be accomplished by adding capacitance in 
two places: between the key line to ground and be¬ 
tween the junction of R33/R37 and ground in the 



O *£* 



ft g. 3. Keying circuits of the 32S-1 (A) and 32S-3 (Bj. By 
modifying the 32S-1 as described, you can have control of 
the keyed waveform within limits. The CW CAL feature is a 
handy addition. It won't work on ssb, however. 


first mixer, V5. Some experimentation should pro¬ 
vide a wave with the desired characteristics, with 
values of 0.025 fiF (C115-A) and 0.005 fiF (C81) being 
a good starting point in their respective positions. 
See fig. 5. 

A difference will be noticed between on-the-air 
signals when using a transistor-output keyer versus a 
bug or relay-output keyer; the transistor provides a 
softer signal and you might use considerably more 
key-line capacitance with a bug or relay-output key¬ 
er, depending on personal preference and speed. 
Too much capacitance at high speeds tends to slur 
the code elements. 

voltage regulation 

In the 32S-3, the 6AL5 ALC rectifier was deleted 
and solid-state devices used in the ALC circuit. This 



fig. 4. Modifications to the Cw CAL circuit. A fixed resistor 
and a 3-pole rotary switch provide more positive action. 
It isn't necessary to hold down the switch to activate the 
desired function. 


freed socket VI3, which was used to hold an OA2 
tube to supply the regulated voltage for the oscilla¬ 
tors, I found it simpler to use a 140-volt, 10-watt 
zener (1N3010A) for the regulator. They are inexpen¬ 
sive and eliminate the need to free V-13's socket, 
with the problems of rewiring the ALC circuit and 
finding space for more parts. 

An advantage of the zener is its ease of mounting. 
Mount CR9 (fig. 6) on the perforated wall of the bot¬ 
tom side of the power-amplifier cage by enlarging 
one of the holes to accept the 10-32 threaded stud of 
CR9. Mount a dropping resistor (new R17, 5k/10W) 
on the terminal strip installed previously to the rear of 
K1. (Note: The original R17 must be removed ac¬ 
cording to the following steps.) 

A convenient source of +275 volts is the terminal 
of Cl37 on the PA-cage wall; it has the 100-ohm/ 
1 /2-W resistor attached. 

Modify the PTO and HFO circuit as follows. 
Remove the original R17 (33k/1W) and substitute 



fig. 5. Improved keying wave is provided by this change. 
The added capacitances improve shaping of the signal trail¬ 
ing edge. Capacitances C115A and C81 (respectively 0.25 
and 0.005 fi'F) are good starting points. Some experimen¬ 
tation might be needed to provide desired waveform char¬ 
acteristics. 
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the-air CW signal, its frequency may be altered to 
provide a more pleasant monitoring note. This note is 
purely a matter of personal preference, so some ex¬ 
perimentation may be necessary. In my case, a 100- 
pF mica capacitor was paralleled with Cl 10. 

separate plate-current 
monitoring of the power amp 

Unsolder R52 (Ik). (Note: This value may differ 
from unit to unit.) R52 is attached to the copper strap 
joining the cathode pins of the two 6146s. Cut and 
remove the strap from between the tubes. Attach a 
length of hookup wire to each of the pins from which 
the strap was removed and route them toward the 
perforated waif of the PA cage. Mount a 4-fug termi- 


fig. 6. Regulated-voltage modifications. A 140-volt, 10-watt 
zener replaces the old OA2 regulator. This change is even 
simpler than that in the 32S-3 (see text). 


122 (2-mH). R17 is located close to C57 and the 
shield can. Run a wire from CR9 past the crystal 
board and up through the grommet to S9. At S9, 
locate the red/white/green/blue wire that connects 
to L22's B+ end. Cut the black jumper connecting 
the two S9 wafers ( + 275 volts) and attach the 
+ 140-volt line to the commoned lugs, 3 and 4, 
TRANS VFO and SYNC (fig. 6). 

One of the two green/white wires on S9's rear 
wafer supplies +275 volts to the HFO, V12. Locate 
this wire, disconnect it at S9 rear, and move it to the 
+ 140-voft line on lugs 3 and 4. Disconnect R60 (47k) 
completely. Install L23 (1 mH) in its place. This com¬ 
pletes this modification. 

tone-oscillator changes 

Both before and after the modifications described, 
an unwanted high-frequency oscillation was audible. 

I found it necessary to add 0.1 /*F of capacitance be¬ 
tween V11 screen and ground in parallel with C107. 

Since the tone oscillator no longer supplies the on- 


i/Z VII TO +ZT5V 



fig. 7. Tone oscillator changes. This change eliminates an 
unwanted high-frequency oscillation in the output. Capaci¬ 
tor CX in parallel with C110 provided a more pleasing moni¬ 
toring note. 


fig. 8. Modifications to 
provide separate power- 
amplifier monitoring. 
Now you can monitor 
tube balance and identify 
tubes that may be going 
soft. 
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nal strip inside the enclosure toward the rear of the 
chassis with 4-40 (M3) hardware and wire as shown 
in fig. 8. Mount the DPDT switch, S15, directly 
beneath the meter. For ease of access the meter 
should be removed before drilling the mounting hole. 
Use a miniature toggle switch in this location, which 
is almost unnoticeable. 

No interpolation of the readings is necessary since 
the cathode voltage/resistance ratios are unchanged. 
Tube balance, which is necessary in all parallel-tube 
amplifiers, is readily observed, and a soft tube may 
be easily spotted. The cathode currents of the indi¬ 
vidual tubes should track within + 10 per cent to sat¬ 
isfy a balanced condition. 

closing remarks 

The incorporation of these mods into the Collins 
32S-1 provided performance that rivals that of the 
more costly 32S-3. It's given a new lease on life to a 
veteran of some 18 years and has saved a couple of 
hundred dollars in the process! 
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top-loaded 

delta loop antenna 


Design and construction 
of an efficient, 
low-frequency, 
vertically polarized 
antenna using 
wire elements 

The vertically polarized full-wave loop has 
emerged as a popular antenna on the low-frequency 
bands. The most common form of this antenna is the 
triangular (delta) loop 1 - 2 with one of its vertices 
pointing skyward. Such an antenna can be suspend¬ 
ed from a single point located on a tower or a tree. 


The delta loop antenna is an Interesting cousin of the popular in- 
verred-V dipole. It has been around for quite a while and yet pro¬ 
vides some pleasant surprises. For those interested in tracing its 
background I have provided references 1 and 2. Reference 1 is par¬ 
ticularly informative and provides polar diagrams of the delta radia¬ 
tion pattern in three planes together with supporting mathematics. 
These references are available in most of the libraries in large cities. 

Editor, W6NIF 


On the 80- and 160-meter bands, height limitations 
can reduce the effectiveness of the delta loop. This 
article describes a method for reducing this problem 
by means of an easily implemented loading proce¬ 
dure. The case of a support height of 20 meters (65 
feet) for an 80-meter antenna is shown in fig. 1. An 
interesting aspect of this comparison is that the top- 
loaded delta loop fig. IB (TLDL) has more gain than 
a full delta loop. Experience since the end of 1976 at 
W1DTV has been that the antenna performs as well 
as an inverted V for short-range contacts and pro¬ 
vides one to two S units better performance for DX 
contacts. In this article, I discuss the evolution of the 
TLDL and provide detailed design information for an 
80-meter TLDL. 

Two kinds of vertically polarized antennas are in 



Homebrew matching transformer for the top-loaded delta 
loop antenna. 


By Frank J. Witt, W1DTV, 20 Chatham Road, 
Andover, Massachusetts 01810 
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3M IIOft ) 


LOADING STUB 
MAKE AS HORIZONTAL 



fig. 1. An 80-meter delta-loop antenna with apex at 20 
meters {65 feet). Sketch A shows the classic delta loop for 
3.825 MHz; B shows a top-loaded delta loop for the same 
resonant frequency. Loading-stub dimensions are discussed 
in the text. 


common use on the low-frequency bands. One type 
is suspended above ground and fed directly; the 
other is erected from ground level and excitation oc¬ 
curs between ground or a simulated ground plane 
and the antenna. Both antennas would benefit from 
a highly conductive ground; but in the latter case, 
since ground resistance appears in series with the 
antenna at the drive point, efficiency is highly depen¬ 
dent on ground conditions. Therefore, the more suc¬ 
cessful monopole installations are those that use 
many radials. The TLDL is not fed against ground 
and hence ground plays only the role of a reflector. 
This is also true of full delta loops and sloping di¬ 
poles. Experience has shown that impressive per¬ 
formance may be obtained with such antennas with¬ 
out an elaborate system of radials. 

evolution of the 
top-loaded delta loop 

The signal at a distant point from a part of a trans¬ 
mitting antenna is proportional to the current in that 
part of the antenna. For a half-wave dipole, for in¬ 
stance, maximum radiation is received from the cen¬ 
ter of the dipole, where the current is greatest. The 
radiated contribution from the ends of the antenna is 
negligible. 

The TLDL concept resulted from a recognition of 
the fact that for a conventional, vertically polarized 
delta loop, much of the antenna where high currents 
exist is horizontal and near ground. The objective of 


the TLDL design is to get these parts of the antenna 
away from ground and at least partly vertically orient¬ 
ed to increase antenna gain. Fig. 2A shows a typi¬ 
cal vertically polarized conventional delta loop 
designed for 3.825 MHz. Actually, this antenna can 
only be said to be mostly vertically polarized because 
of the position of the feed point. True vertical polari¬ 
zation (in a direction perpendicular to the plane of the 
loop, i.e., the direction of maximum gain) is obtained 
when the feed point is one-quarter wavelength away 
from the peak of the triangle as shown in fig. 2B. 
You can see that the polarization is vertical by noting 
the current flow; the vertical components from the 
currents in the two upper sides of the triangle add, 
while the horizontal components cancel. 

The objective of the loading is to “lift" the current 
nodes higher in the vertical space available for the 
antenna and to make the vertically radiating sides of 
the antenna more vertical. Both actions will increase 




horizontal 



fig. 2. Physical dimensions of a typical corner-fed delta loop 
antenna (A). True vertical polarization occurs when the 
feedpoint is one-quarter wavelength from the apex {B). 
Sketch C shows current distribution. 
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the low-angle gain for vertically polarized signals. 
The derivation of the TLDL from a conventional delta 
loop is shown in fig. 3. 

The feedpoint resistance for both a conventional 
delta loop and a TLDL has been measured at W1DTV 
to be 130 ohms. From this information and from the 


CONVENTIONAL delta loop 
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STRAIGHTEN OUT SEGMENTS 3,1,2 AND 4 , 5.6 



BRING POINTS 2 AND 4 TOGETHER 


3 



SINCE POINTS 2 AND 4 ARE AT SAME 
POTENTIAL . REPLACE SEGMENTS 2,3 AND 
3,4 WITH A SINGLE WIRE 


3 
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6,7,8 

SIDE 


CURRENT DISTRIBUTION 
OF TLDL . NOTE 
" DOUBLE" CURRENT IN STUB 



AND NEAR GROUND 


horizontal 

STUB 


fig. 3. How the top-loaded delta loop (TLDL) is derived from 
the conventional delta loop. The top loading makes the cur¬ 
rent nodes higher with respect to ground and increases the 
vertical polarization from the antenna sides. This improves 
low-angle radiation. 



SIDE VIEW OF LOOP 


fig. 4. Method of adding the stubs on both sides of the delta 
loop to reduce horizontally polarized radiation. 


geometry of the two antennas (and if one assumes 
sinusoidal current distribution), the TLDL has a gain 
of 2.3 dB over a conventional delta loop. The dimen¬ 
sions of fig. 1 have been assumed for this calcula¬ 
tion. See reference 3 and fig. 4 for an explanation of 
the methods used to arrive at this result. 

The TLDL is truly vertically polarized in a direction 
perpendicular to the plane of the loop. It is mostly 
vertically polarized in other directions and exhibits an 
almost omnidirectional pattern. 

loading stub 

The loading (or matching) stub is shown in fig. 3 
to be horizontal, but this is rarely possible. At 
W1DTV it runs to the farthest point on the property 
and makes about a 60-degree angle with the plane of 
the loop. The stub should be A/8 or 9.8 meters (32 
feet) at 3.825 MHz. However, it was necessary to 
lengthen it to 13 meters (43 feet) for resonance at 
that frequency. The probable reason for this is that 
the stub is severely folded back toward the loop; the 
consequent detuning is overcome by lengthening the 
stub. This effect is observed in inverted V antennas, 
where the length must be made longer than would be 
necessary for a straight dipole. 

The stub could be added on both sides of the loop 
as shown in fig. 4. This would virtually eliminate the 
effect of the stub on the radiated pattern. This 
method hasn't been tried, and the practical effects 
are unknown. 

The stub can be shortened considerably by means 
of a loading coil installed in series with the stub at the 
point where the stub is connected to the triangle 
apex. See fig. 5. The 13-meter (43 foot) stub was 
reduced to 4.9 meters (16 feet) by the use of a 32-/*H 
loading coil. The loading coil reduces radiation from 
the stub, but it results in a reduction in antenna 
bandwidth. The loading coil is a B&W 3029/3905-1,* 
which is 63.5 mm (2 1 /2 inches) diameter by 254 mm 


•Barker and Williamson, Inc., Canal Street and Beaver Dam Road, Bristol, 
Pennsylvania 19007. 
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SIDE VIEW OF LOOP 

fig. 5. Using a loading coil to reduce stub radiation. 


(10 inches) long (6 turns per 25 mm). This coil with 
the 4.9-meter (16-foot) stub allows the TLDL to reso¬ 
nate anywhere in the 80-meter band by changing the 
tap position. 

matching methods 

A common method for feeding delta-loop anten¬ 
nas is to use a quarter wavelength of 75-ohm trans¬ 
mission line between a 50-ohm transmission line and 
the feedpoint. For a feedpoint resistance of 130 
ohms, the vswr at resonance would be 


no 

752/50 


= 1 . 16:1 


( 1 ) 


which is quite acceptable. Since the conventional 
delta loop and the TLDL are essentially balanced an¬ 
tennas, it's desirable to use a 1:1 balun at the anten¬ 
na to prevent antenna currents on the coax feedline. 

At W1DTV, a transformer (shown in fig. 6 and the 
photo) accomplishes both impedance matching and 
the unbalanced-to-balanced transformation; it 
handles the legal power limit quite satisfactorily. The 
transformer has been evaluated only on 80 meters, 
but the design could be trimmed to work over several 
bands. See reference 4 for details on optimizing such 
designs. 

voltage standing-wave ratio 

The vswr using the transformer of fig. 6 and 50- 
ohm coax is shown in fig. 7 for the conventional del¬ 
ta loop, the TLDL using a wire stub only, and the 
TLDL with a wire stub and loading coil. Note that an 
excellent midband match is obtained for all three 
cases, but the bandwidth depends on the configura¬ 
tion. The bandwidth of the worst TLDL case (using 
the loading coil) is substantially better (6.6 times wid¬ 
er) than that of a loaded 20-meter (66-foot), 80-meter 
sloping dipole, 5 which would require about the same 
mounting height. The vswr plot of the latter is also 
shown in fig. 7 for comparison. 

Note from fig. 7 that the vswr of the TLDL with a 
loading coil is not unity. The reason is that the induc¬ 
tive loading modifies the current distribution at the 


top of the antenna, and the feedpoint resistance is 
changed. For the purist, a more optimum trans¬ 
former for this case would be one where the 3-1/2- 
turn winding of fig. 6 is reduced to 2-1 /2 turns. In all 
cases, the installation involved a steel tower with the 
antennas supported 1.2 meters (4 feet) from the tow¬ 
er on a boom at the 19.8-meter (65-foot) level. All 
guy wires were broken with insulators to avoid reso¬ 
nance, and no guying was used above the 10.7- 
meter (35-foot) level. 


concluding remarks 

The TLDL antenna performs as well as other simi¬ 
lar antennas requiring higher points of support. The 
design is based on the positioning of the high-current 
parts of the antenna so that they will provide a pri¬ 
marily vertically polarized radiated signal. The TLDL 
has substantially more bandwidth than its nearest 
low-height competitor, the X/4 sloping dipole (load¬ 
ed). Calculations indicate that the antenna should be 
a good performer, and on-the-air experience has sub¬ 
stantiated these results. 

A point of caution — if you try this antenna, or any 
new antenna, take steps to convince yourself that 
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WIRE I mm (AWG >8) HOOKUP WIRE 

CORE AMIOON FERRITE ROD. 12/rm DIAMETER, 100mm LONG,» * >25 (AMIOON 
ASSOCIATES, 12033 OTSEGO STREET, NO. HOLLYWOOD. CA.9I60T) 

CONSTRUCTION . 13 1/2 TRIFILAR TURNS WITH 10 TURNS REMOVED FROM ONE 

winding wrap with vinyl electrical tape ano tape to the peedpoint 

INSULATOR NO OTHER PROTECTION NECESSARY 

fig. 6. Construction of the matching transformer for the top- 
loaded delta loop antenna. Sketch A shows the basic prin¬ 
ciple. Any impedance ratio between 1:1 and 1:4 may be ob¬ 
tained by tapping winding 1. The basic configuration is 
shown in B. Sketch C shows the schematic and winding 
logic. 
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CONVENTIONAL DELTA LOOP 
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TIDL WITH INDUCTIVE LOADING 



A/4 SLOPING DIPOLE WITH INDUCTIVE LOADING 
FREQUENCY(MH/J 

fig. 7. Voltage standing wave ratio and bandwidth of the 
conventional delta loop, the TLDL, the TLDL with induc¬ 
tive loading, and a quarter-wavelength sloping dipole an¬ 
tenna with inductive loading. Resonant frequency is 3.825 
MHz in this model. 


other nearby antennas are not significantly influ¬ 
encing its behavior. A considerable amount of inter¬ 
action between a TLDL, an inverted V, and a sloping 
dipole, all supported by the same tower, has been 
observed. The data in this article were taken with the 
inverted V and sloping dipole removed from the 
tower. 
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250 & 400 Hz 8-pole xtal filters 

WIN YOUR BATTLE AGAINST ORM 
GET THE BEST AND SAVE 


ONLY $55 

AIRMAIL POSTPAID 
OVERSEAS ADD $3 

’‘Fantastic! rt is Ihe word K2TK uses in summarizing the performance ol 
the new Fox-Tango 8-pole 250 Hz CW crystal lattice filler in comparison 
with that ot his standard 4-pole Heath unit. ’‘Remarkably Iree Irom 
ringing...exceptional ultimate rejection...superior shape factor, .easy 
installation... “ are other quotes Irom his enthusiastic report. While grati¬ 
fying, his remarks come as no surprise — they merely echo (hose of hun¬ 
dreds ol satisfied Yaesu and Kenwood purchasers ol Fox-Tango filters 
who have decided to up-grade their present sets instead of purchasing 
new ones at today's inflated prices. 

Fox-Tango filters are designed to match the mounting holes in the most 
popular Healh rigs like Ihe HW-101, SB-301, etc., exactly. For the 
others, the drilling ol a few small holes will pose no problem lor Healh 
owners who have “built Iheir own‘\ K2TK mounted his new 250 Hz uni! 
in the space reserved lor an AM filter in his SB300 thus making use of 
existing from panel controls lor selecting eilher of his two CW filters. For 
those whose models lack this lacility, it will be easy to improvise mechan¬ 
ical or electromagnetic switching arrangements if dual filters are desired. 
Of course, for those satislied with one tiller, installation usually consists 
ol lightening Iwo nuts and soldering two connections 
Our complete line ol tillers is listed below. Note that we otter both 250 
and 400 Hz bandwidlhs lor Healh rigs. Although the latter appears to be 
the same as the standard Heath CW filler, the difference in 8-pole per- 
tormance has to be heard to be believed. The 400 Hz unit is ideal for rou¬ 
tine CW operation even though it lacks the needle-sharp response (and 
critical tuning requirements) of Ihe 250 Hz filter. 

All units are $55 except as indicated. Order with confidence — satisfac¬ 
tion is guaranteed. 




Fitter 
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Center 

No. Ol 

Band 


Rig 

No. YF 

lor 

Frei}. kHz, 

Polos 

Width 

Notes 


31H250 

CW 

3179.3 

8 

250 m 

Sli3fp unit tor OX and contest work 


3IH500 

CW 

3179 3 

8 

500 Hz 

Use inslead ol standard BOD Hz unit 

o o 

31F600 

CW 

3179 3 

6 

600 Hz 

Same as standard XF 30C unil, $46 

izi 

31H1 8 

SSB 

3180 

8 

1 8 kHz 

For narrow SSB lo reduce 0BM 

3UI2.4 

SSB 

3180 

8 

2.4 kHz 

Substi!ote!orXF-30A(6 pole) in early units 


31 F6 0 

AM 

3180 

6 
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Same as standard XF-30fl unit, $45 


89H250 

CW 
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8 

250 HZ 


I— ex 

89H500 

CW 

8999.3 

8 

500 M/ 


9DH1.8 

SSB 

90D0 

8 

1 8 kHz 


90HZ.4 

SSB 

9000 

8 

2,4 kHz 


til 

89H250 

CW 

8988 3 

8 

250 Hz 

Sharp unit lor OX and content work 

89HS00 

CW 

8988.3 

0 

500 Hz 

Use instead ol standard 600 Hz unit 

o m 

33HZ50 

CW 

3395 

8 

250 Hz 

Sharp unit tor OX and content work 


33H400 

CW 

3395 

8 

400 Hz 

Use instead ol standard 500 Hz unit 


33H1.B 

SSB 

3395 

8 

1 8 kHz 

For narrow SSB lo reduce QRM 

8 

88H250 

CW 

8830 7 

8 

250 Hz 

Sharp uml lor OX and contest work 

to 

88H400 

CW 

8830 7 

8 

400 Hz 

Use instead ol standard 500 Hz unit 

V) 

►— 

88H1 8 

SSB 

8830 0 

8 
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For narrow SS8 to reduce QftM 

S§ 
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CW 

3395 4 

8 

250 kHz 

Sharp unit lot OX and contest work 

*» X 

< «*> 
</> 

33H400 

1_ 

CW 

3395 4 

8 

m m 

Use instead of standard Heath CW titters 


To avoid error due lo similarity o! some tiller numbers, specily desired urn! 
completely when ordering. Include make and model ol set. tiller number, and 
center frequency 

Diode Switching Boards permit easy mounting (without drilling) ot up lo two crystal 
frffers of any type in addition to those lor which the manufacturer provides space. 
These boards will accommodate any ol the litters listed except Heath Specify make 
ol set with which board is to be used, 520 airmail postpaid. 



VISA and Master Charge accepted. 


FOX-TANGO CORP. 

Box 15944, W. Palm Beach. FL 33406 


december 1978 EBfl 61 












updating the 

vacuum-tube receiver 


Rejuvenate that old 
vacuum-tube receiver 
by replacing 
the tubes with 
equivalent transistor stages 

A!! of the communications receivers made in the 
1940s and 1950s, and most of those made in the 
1960s, were vacuum-tube designs. Receivers manu¬ 
factured during those decades were intended for the 
amateur modes then popular — a-m and CW — and 
they usually performed quite well on a-m. Inclusion 
of the beat frequency oscillator made possible re¬ 
ception of ssb and CW, but, by today's standards, 
much was left to be desired. These older receivers 
can often be picked up at flea markets or swap meets 
for a small fraction of their original cost and, properly 
modernized, can be made to equal or even surpass 


the performance of new models selling at many times 
the price. 

Probably the two worst shortcomings of older 
tube-type receivers are their lack of selectivity and 
their warm-up drift. The drift results mainly from 
temperature changes brought about by the large 
amount of heat generated by the tubes. Although 
much can be done with tube receivers to minimize 
temperature drift, 1 the best solution is to abandon 
tubes altogether and substitute transistors. Modern 
field-effect transistors have characteristics so similar 
to those of tubes that often a direct one-for-one re¬ 
placement is possible with only minor circuit and 
supply voltage changes. 

Any of several possible routes can be taken when 
transistorizing a tube receiver. Probably the most 
conservative (some would say cowardly) approach is 
to proceed one stage at a time; that is, substitute a 
transistor circuit for a vacuum tube stage and perfect 
its performance before moving on to the next stage. 
This strategy makes debugging easy, but, because of 
different impedance and signal levels, tubes and 
transistors do not always interface easily. Sometimes 

By Fred Brown, W6HPH, 1169 Los Corderos, 
Lake San Marcos, California 92069 


62 SB december 1978 








a transistor stage will have to be modified when a 
following or preceding stage is changed over from 
tube to transistor. 

Next to frequency drift, the greatest shortcoming 
of these old a-m receivers is usually their poor skirt 
selectivity. The old single-pole crystal filters and Q- 
multipliers gave good selectivity at about 6 dB down, 
but the skirts were very wide at 30 to 60 dB down. 
The rectangular passband so necessary for today's 
ssb communications calls for a mechanical or multi¬ 
pole crystal filter. 

If your receiver is a single-conversion general- 
coverage type, you will probably have to stick with 
the original intermediate frequency. This means a 
mechanical filter if the i-f is below 1 MHz. A ham- 
band-only receiver, however, can be converted to 
practically any intermediate frequency so long as the 
i-f does not lie inside or near an amateur band. (It's 
very hard to make a superhet that will tune through 
its own intermediate frequency.) 

Generally speaking, a high intermediate frequency 
is to be preferred, because it improves image rejec¬ 
tion. Furthermore, if the local oscillator operates on 
the low side of the signal, a high i-f means a lower LO 
frequency, and this contributes to frequency stabil¬ 
ity. Today, the availability of high-frequency multi¬ 
pole crystal filters makes possible single conversion 
designs with high intermediate frequencies, thereby 
avoiding the spurious response, birdie, and cross- 
mod problems of dual-conversion designs. 

modernizing the HQ110A 

To start this project, I tore out all the old circuits 
and started with a clean slate, leaving intact only the 
front-end tuned circuits and bandswitch. Most of the 


Rear view of the HQ110A. The i-f amplifier, detector, first 
audio, and S-meter circuits are built on the circuit board 
that runs along the left side of the chassis. 



tube sockets were left, as they make handy tie-points 
for the new wiring. There is something to be said for 
building from the ground up, but most of the work 
with sheet-metal and the mechanical drudgery is 
avoided if you rebuild a commercial receiver. Also, it 
is hard for the average amateur to duplicate the pro¬ 
fessional appearance and calibrated dials of a manu¬ 
factured receiver. 

The HQ110A is a good example of how an inter¬ 
mediate frequency can be radically changed. Orig¬ 
inally, the receiver was dual conversion on all bands 
above 80 meters, with a first i-f of 3035 kHz and a 
second i-f of 455 kHz. I happened to have a McCoy 
Golden Guardian 9-MHz ssb filter, I wanted to move 
the i-f to this frequency and make the receiver single¬ 
conversion on all bands. This took some doing; it 
meant all the original i-f transformers had to be 
scrapped, and all the local oscillator coils rewound. 
The result was worth it. The transistorized receiver 
has much better selectivity, frequency stability, and 
image rejection than the original. And the existing 
dial calibration holds on every band, even better than 
in the tube version. 

Power supply and audio. A good place to start 
your conversion to solid state is in the power supply; 
you won't be able to try out any transistor circuits 
without low-voltage dc. Although the old power 
transformer will be less than ideal for a transistor 
power supply, it is possible to obtain low voltages 
from the 5.0- and 6.3- volt filament windings. For in¬ 
stance, a full-wave rectifier on the 6.3-volt winding 
will provide 9 volts dc, and a full-wave doubler about 
18 volts dc. In this receiver, however, I replaced the 
old power transformer with a more appropriate one 
having a 16-volt center-tapped secondary. 

Both positive and negative supplies were needed, 
since dual-gate MOSFETs, like vacuum tubes, nor¬ 
mally require a negative AGC voltage. Although it is 
possible to use FETs with positive-only voltages, the 
AGC system is simplified if a negative supply is 
available. 

The positive supply (see fig. 1) is filtered by a con¬ 
ventional L-C filter which uses an 88-mH toroid for a 
filter choke. The resulting unregulated 19 volts is 
used for the audio output stage and diode bias. A 
conventional emitter-follower regulator, Q1 and CR5, 
is used to regulate the positive supply to +12 volts 
dc for the remainder of the receiver. 

Most designers would use a class B integrated cir¬ 
cuit for the audio output, but I prefer the class A 
arrangement shown in fig, 1. This circuit has proven 
reliable in many different applications. It has excel¬ 
lent dc stability due to the negative-feedback biasing 
arrangement, and low distortion because of the neg¬ 
ative-audio feedback around the output transformer. 
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Detector, i-f, and AGC systems. The 9-MHz i-f 
signal from the McCoy filter is applied to the first i-f 
stage, Q5. This common emitter stage is R-C 
coupled to the dual-gate MOSFET second i-f stage. 
R-C coupling is used for simplicity and to avoid the 
need for neutralization. The added gain that could be 
obtained from transformer coupling was not needed. 

The i-f transformers, T3, T4, and T5, are ordinary 
fm transistor radio transformers which are shunted 


time to avoid "popping" at the beginning of a word. 
One inherent limitation on attack time is the delay 
caused by the crystal filter. Envelope delay time in a 
bandpass filter is determined by the skirt steepness 
ratio: the steeper the skirts, the longer the delay. The 
McCoy filter, having exceptionally steep skirts, has 
an inordinately long delay time, and for this reason it 
was not possible to use as much AGC feedback 
around the filter as would have been desirable. The 



fig. 1. Schematic diagram of the revised power supply and audio circuit. Q1 and Q4 should be mounted on heatsinks. The audio 
stage will provide 100 mW of undistorted audio output. In addition, the use of Class-A transistors vs. an 1C may prevent destruc¬ 
tion of the devices if the output is shorted. 


with sufficient capacity to resonate at 9 rather than 
10.7 MHz. The different resonating capacitors are 
due to the use of different brands of transformers. 

The third i-f stage is an emitter-coupled pair, Q7 
and Q8, The emitter of Q7 also drives the AGC ampli¬ 
fier, Q9 and Q10. It was not possible to derive the 
AGC signal from the collector circuit of Q8 because 
the BFO signal is too strong at this point and would 
swamp the AGC. An audio-derived AGC system 
would have been easier, but in this receiver I wanted 
AGC that would work on a-m carriers. 

The AGC signal is rectified by CR9, with the result¬ 
ing dc applied to G11. An emitter follower is used 
because its low output impedance allows Cl to 
quickly charge through CR10. In any single-sideband 
AGC system it is important to have a short attack 


AGC control voltage to the r f and mixer stages 
(AGC 2) is attenuated by the voltage divider, R4-R5. 
In addition, AGC 2 also controls the S-meter driver 
through the S9 adjustment pot R4. 

The product detector, CR7-CR8, requires push- 
pull BFO drive which is provided by the center-tapped 
secondary of T6. The BFO is switched by means of 
diode switches for upper or lower sideband. 

Local oscillator. In the interest of best frequency 
stability, the local oscillator operates on the low fre¬ 
quency side of the signal on the 20-, 15-, 10-, and 6- 
meter bands. On 160, 80, and 40 meters, the oscilla¬ 
tor is 9 MHz higher than the signal frequency. This 
arrangement automatically takes care of sideband 
switching; upper sideband is received on 20 meters 
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fig. 2, Diagram of the l-f amplifier, detector, BFO, AGO, and S-meter circuits. FL1 is a McCoy Golden Guardian 9-MHz ssb filter. T3, T4, and T5 are 10,7 MHz i-f transformers 
from fm-styie radios. Inthacaseof T3andT5, whareonlyone winding is shown, the primary and secondary have been connected in series so as to provide maximum in¬ 
ductance. T1 is wound on a T-50-2 core with 33 turns of no. 30 (0.25mml AWG on the primary and 8 turns of no. 3010.25mmi AWG on each side of the center tap for the sec¬ 
ondary. Normally, R4 is used to set the S-meter for an S9 indication with 100 *iV applied to the receiver. 





and the higher bands and lower sideband on 40 
meters and lower, as is the accepted standard. The 
BFO switch can therefore be labeled NORMAL and 
REVERSE without any reference to the bandswitch 
position. 

Table 1 gives the required oscillator tuning range 
of each amateur band. On three bands — 20 ; 15, and 
10 meters — the HQ110A dial calibration is wider 



total shunting capacitance must be reduced to a 
mere 23 pF. This 23 pF includes the 8 pF minimum of 
the tuning capacitor, and a few pF of stray and coil- 
distributed capacitance, and a few pF for the trim¬ 
mer. When all this is added up, the shunting capaci¬ 
tance left for the remainder of the circuit will have to 
be limited to a maximum of about 12 pF in order not 
to exceed the 23-pF total. This is one restriction on 
the oscillator circuit. In addition, the oscillator is call¬ 
ed upon to operate over a wide frequency range 
(5 to 45 MHz) and also tolerate a wide range of L to 
C ratios. 



LI 14 turns no. 24 (0.5mm) L4 60 turns no. 32 (0.2mm) L7 7.5 turns no. 24 (0.5mm); 

L2 17 turns no. 28 (0.3mm) L5 17 turns no. 28 (0.3mm) L8 17 turns no. 24 (0.5mm); 

L3 20 turns no. 22 (0.6mm); L6 16 turns no. 28 (0.3mm) 

fig. 3. In the local oscillator, C3B is one section of the main tuning capacitor. Inductors LI, L2, L4, L5, and L6 are wound on the 

original 6.5 mm iV*") slug-tuned form; L3 is wound on a T-68-6 toroid; L7 and L8 are wound on 6.5 mm (%") slug-tuned forms. 
Most of the components can be mounted on a small circuit board. 


than the amateur band limits. Table 1 also gives the 
LO tuning range as a percentage of the lowest oscil¬ 
lator frequency on that band. Notice that the per¬ 
centage tuning range varies from a maximum of 
10.53 per cent on 10 meters to a minimum of 1.85 
per cent on 160 meters. The oscillator percentage 
tuning range is determined by the amount of fixed 
capacity which shunts the tuning capacitor; the 
smaller this capacity, the greater the range. 

To make the dial calibration come out right, both 
the inductance and shunt capacitance of the LO tank 
must be correctly chosen. In the HQ110A, the oscil¬ 
lator tuning capacitor (only one of two sections is 
used) has a minimum capacitance of 8 pF and a max¬ 
imum of 13 pF, or a range of only 5 pF. This capacitor 
must be shunted with a total of about 134 pF to pro¬ 
vide the 1.85 per cent tuning range for the 160-meter 
band (10.8 to 11.0 MHz). On ten meters, however, 
the tuning range expands to 10.53 per cent, and the 


Many different oscillator circuits were tried in 
search for one that would meet these stringent re¬ 
quirements and would also be stable in frequency. 
The circuit shown in fig. 3 worked best. It is an fet 
version of the Seiler oscillator, 2 followed by a two- 
stage buffer amplifier. Table 1 shows the excellent 
frequency stability of this oscillator for supply voltage 
changes of one volt (from 11.0 to 12.0 volts). Since 
the 12-volt supply is fairly well regulated, it's possible 
to vary the line voltage from 80 to 130 volts ac with 
no noticeable change in beat note. Try to do that 
with your tube receiver) 

Theoretically, this circuit will oscillate with any L 
to C ratio in the tuned circuit. The only limitation on 
L-to-C ratio is Q; the lower the ratio, the higher the 
tank circuit Q must be to sustain oscillation. The low¬ 
est L-to-C ratios occur on those bands with the 
smallest percentage tuning range, 160 and 40 me¬ 
ters. On 40 meters, it was not possible to get enough 
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Q with the original 6.5-mm (0.25-inch) slug-tuned 
coil form. Therefore, a toroidal coil was used for this 
band. Since toroids are not adjustable, the circuit 
arrangement shown in the schematic was adopted. 
The capacitor in series with the coil (C2) effectively 
trims the inductance. 

On 160 meters, it was possible to wind the coil on 
the original coil form and still get enough Q, but just 
barely. All the other coils, except 6 meters, are 
wound on the original forms and mounted in the 
original shield cans. 

Notice in fig. 3 that the 10-meter coil is shorted by 
S6F when the bandswitch is in the 6-meter position. 
This is because the ten-meter coil happened to res¬ 
onate near 42 MHz, which, unfortunately, was with¬ 
in the oscillator tuning range on the 6-meter band 
and caused a back ''suck-out" as the oscillator was 
tuned past this resonant frequency. Also, unfor¬ 
tunately, there was no unused contact on the band- 
switch in the 6-meter position, so one had to be add¬ 
ed to do this shorting job. This, however, was the 
only modification that was necessary to the original 
bandswitch. 

The untuned buffer amplifier is made up of a com¬ 
mon-emitter stage (Q15), for amplification, directly 
coupled to an emitter follower (Q16) for low output 
impedance. As with any amplifier, there is an upper- 
frequency limit where gain begins to fall off. In this 
case, output is down about 3 dB at 19 MHz (10 
meters), but on 41 MHz (6 meters), it is down about 
12 dB. For this reason, a compensating coil (L8) is 
placed in series with the output. This inductance 
forms an L network in conjunction with the mixer in¬ 
put capacitance, thereby boosting the 41-MHz LO 
voltage at the mixer gate. On the lower bands it has 
little effect. 

The 82-ohm resistor in series with the emitter re¬ 
sistor of Q16 delivers a local oscillator signal to a 
phone jack located on the rear apron of the chassis. 
By plugging a frequency counter into this jack, you 
can have a poor-man's digital readout. Of course, it 
is necessary to add or subtract 9 MHz from the 
counter reading, but in practice it is easier to simply 
ignore the digits to the left of the decimal point and 
mentally substitute the appropriate digits for the 
band being received. For example, the receiver is 
on forty meters and the counter reads 16.238. 
Obviously, this means 7.238 MHz. Remember also, 
that the counter reading corresponds to the center 
of the passband, which is typically 1500 Hz higher or 
lower than the carrier frequency, depending on 
which sideband is being received. 

The tuning rate of the HQ110A was a bit fast for 
ssb, especially on 10 and 6 meters. For this reason, a 
clarifier, or ultra-fine tuning control (C4 in fig. 3) was 


added to the LO circuit. This variable capacitor is 
mounted in the hole formerly occupied by the func¬ 
tion switch and is turned by the large, function- 
switch knob, which is ideal for the purpose. 

A very small capacitance range is needed for the 
clarifier capacitor. It could have been made from a 
small variable by removing all but two plates, but in 


table 1. Frequency ranges for the new local oscillator in the 
rebuilt HQ110A. 



oscillator 

oscillator 

oscillator 

clarifier 

band 

range 

percentage 

stability 

range 

MHz 

MHz 

range 

Hz/volt 

Hz 

© 

csi 

00 

10.8-11.0 

1.852 

169 

420 

3.5- 4.0 

12.5-13.0 

4.0 

225 

870 

00 

o 

16.0-16.3 

1.875 

165 

510 

14.0-14.4 

5.0- 5.4 

8.0 

340 

1100 

21.0-21.6 

12.0-12.6 

5.0 

257 

1000 

28.0 - 30.0 

19.0-21.0 

10.53 

400 

3200 

50.0 - 54.0 

41.0-45.0 

9.76 

280 

7300 


my case it was fabricated from the remains of an old 
wire-wound pot. The resistance element and wiper 
arm were removed and a semi-circular plate was 
soldered to the rotor shaft. Another semi-circular 
plate was fastened to the Bakelite case to form the 
stator. The resulting capacitor has a range of only 1 
pF and produced the frequency ranges given in the 
fifth column of Table 1. 

rf and mixer stages. Because dual-gate MOSFETs 
make such ideal replacements for pentode vacuum 
tubes, no radical changes were necessary in the re¬ 
ceiver rf and mixer stages shown in fig. 4. None of 
the antenna or rf stage coils were changed, with the 
exception of the tap on the six-meter antenna coil: it 
was moved up to three turns above ground. Both rf 
and mixer stages, Q17 and Q18, are RCA40673 dual¬ 
gate MOSFETs. For simplicity, coils for only the 6-, 
10-, 15-, and 20-meter bands are shown in fig. 4. 
Experimentally, it was found that receiver sensitivity 
on these four bands could be optimized for a 50-ohm 
antenna by placing a proper size capacitor in series 
with the antenna input. 

When the receiver is tuned to 28.0 MHz, the image 
frequency happens to be 10.0 MHz, a fact that is 
exploited with a minimal increase in complexity to 
provide 10-MHz reception of WWV. For WWV, S5 
in fig. 4 shunts the 10-meter rf stage coil with trim¬ 
mer C5. This capacitor resonates the 28-MHz coil 
down to 10 MHz, with the WWV signal from the an¬ 
tenna coupled into the mixer through the series- 
tuned circuit, L9-C6. The rf stage is not used in this 
mode; WWV is normally so strong that an rf stage 
is not really needed. 
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fig. 4. Schematic diagram of tha rf, mixer, noise limiter, and crystal calibrator circuits. The antenna and rf stage coils and trim¬ 
mers are unchanged from the original receiver. For simplicity, only four bands are shown. L9 is 7 /iH, made by close winding 30 
turns of no. 24 (0.5mm) AWG wire on a 4-mm (5/32-inch) diameter ferrite rod. 


Noise limiter and crystal calibrator. | wanted 
some kind of first-line defense against impulse noise 
without resorting to all the complexity of a noise 
blanker. Thus, the simple noise limiter in fig. 4 was 
included. In order to be effective, the limiter should 
clip the noise pulses before they become stretched 
out by the crystal filter. 

The limiter was placed between the mixer and 
sideband filter and has the option of being switched 
in or out. The common-emitter stage, Q19, ampli¬ 
fies the noise pulses up to a level where they can be 
clipped by the shunt limiter, CR19-CR2G. These sili¬ 
con diodes are biased by R6 to a point where they are 
just beginning to conduct. After being clipped, the 
signal is brought back down to its original level by 
means of the capacitive voltage divider, C7-C8. 

I make no claim that this limiter can compete with 
a good noise blanker, but it can make the difference 
between copy and no-copy. Only high-amplitude 
noise pulses are clipped. It takes about 50 microvolts 
at the antenna before clipping begins to occur. This 
means weak noise pulses are unaffected, but the 


weak pulses are not normally a problem because they 
are reduced in amplitude after being stretched out 
by the i-f filter. For best results, the AGC should be 
turned off when using the noise limiter. 

Of course, the greatest shortcoming of this type of 
limiter is that it is highly susceptible to cross-mod 
from strong in-band signals. If you have both high 
noise and strong signals at the same time, you must 
choose between cross-mod and impulse noise, 
depending on which is worse. 

The 100-kHz crystal calibrator, Q19 and Q20, uses 
the original 100-kHz crystal and trimmer capacitor. 
The circuit is patterned after one in the Atlas 21 OX; 
it provides plenty of harmonic strength right up 
through 54 MHz. 
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double-stub tuner 


for 1296 MHz 

Feedline and matching 
problems at 1296 MHz 
are easily overcome 
by using 
this simple 
but effective 
double-stub tuner 

Shortly after the military APX-6 became available 
on the surplus market in the 1950s, a number of mag¬ 
azine articles were published which described con¬ 
version of the unit to the 1215-1300 MHz amateur 
band. For a time there was considerable interest in 
this band; here in the San Fernando Valley there 
were about seven stations active for a year or more. 
Eventually interest declined, until there were only 
two of us left — K6BV and myself. We had 85 MHz 
of amateur frequency spectrum with almost no 
takers. That's too bad, because this band is ideal for 
repeaters, wide-band television, satellite communi¬ 
cations, and amateur experimentation. 

Why is the use of this band so meager? Probably 
the main reason is that there is no equipment avail¬ 
able for the band. Also, it requires the application of 
techniques quite different from those used on the low¬ 
er frequencies; of necessity, striplines and cavities 
must be used. These take some getting used to by 
newcomers to the amateur bands above 1000 MHz. 

Another aspect that has not received too much 
attention is transmission lines. Losses in coaxial 
cable are tremendous at this frequency. Standing 
waves are a disaster if they appear on the line. The 
best RG-8/U coax has a loss of 8 dB per 30 meters 
(100 feet) at 1296 MHz. Any reflection at the antenna 
is power lost in all but the shortest lines, and putting 


a radiator at the top of a tower does not promote a 
short feedline. On the low-frequency amateur bands 
a reasonable reflection of power at the antenna does 
not represent any appreciable loss in radiated power; 
if nothing gets hot, and the transmitter loads, the 
power has to radiate. Reflected power makes a 
round trip at low frequencies. At 1296 MHz, the 
reflected power suffers the 8-dB loss on the trip back 
to the transmitter and again on the second trip to the 
antenna. The net result is that reflected power is 
power lost, and power is hard to come by at 
1296 MHz. 

Measurement of power and standing waves on the 
feedline was a serious problem at my station for sev¬ 
eral years. A field-strength meter is easy to make for 
1296 MHz, and setting it up in front of the antenna 
gives a good indication of relative power levels, but it 
usually turned out that a slotted line was still showing 
a considerable standing wave on the feedline, even 
after everything was tweaked for hours on end. Just 
taking the slotted line out of the line was apt to be a 
disaster if only because of the change in length of the 
line. In addition to this problem, the field-strength 
meter didn't give a true reading of the actual power 
being radiated. It was strictly a relative measure¬ 
ment, and I could not tell whether the transmitter 
was running at 5 per cent efficiency or the hoped for 
30 to 40 per cent. 

Uncertainty over the power output of the transmit¬ 
ter and the unhappy situation with standing waves 
on the feedline led to several not-so-cheap purchases 
and also a rather close-tolerance construction proj¬ 
ect. The first purchase was a Bird model 43 watt¬ 
meter with a plug-in covering 1.1 to 1.8 GHz. The 
second purchase was a Sierra Model 160B-300 dum¬ 
my load (I couldn't build a suitable dummy load and 
gave up after a number of attempts). The way to 
rationalize these purchases is to say that the test gear 
will not wear out and with much cheaper plug-in ele¬ 
ments the Bird 43 wattmeter will work on other ama¬ 
teur bands. 

With the wattmeter and the dummy load I could 
read transmitter power output and pick up reflected 

By George Hatherell, K6LK, 10160 Maude 
Avenue, Sunland, California 91040 
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power when the feedline was moved from the dum¬ 
my load to the antenna radiator. Things began to fall 
into place. It became possible to trim the driving 
dipole for a reasonable match to the line. Single-helix 
antennas were stubborn, and responded only half¬ 
heartedly to matching devices; a twin-helix antenna 
was much better; a quad helix never seemed to work 
just right, regardless of the matching scheme I tried. 

A nasty development surfaced when the dipole in 
front of my 2.5-meter (8-foot) dish was moved for 



fig. 1. Mechanical diagram of the double-stub tuner. As 
mentioned in the text, the length of the center conductor 
of the main line is determined by the type of N connector 
which is used. Matching is accomplished by the two stubs 
with sliding shorts which provide adjustable amounts of 
reactance. 


field-strength tests and beamwidth measurements. 
Any change of antenna configuration forced me to 
retune the driver. The answer, of course, was to find 
some kind of impedance-matching device that could 
be put into the line at the antenna and at the trans¬ 
mitter. The double-stub impedance transformer was 
the logical solution. But, where to find one? The sur¬ 
plus houses I trade with never had a single one that 
could possibly have worked at 1296 MHz. I had to 
build one; in fact, I had to make four of them. (Any¬ 
body working 1296 is bound to have more than one 
antenna.) 

The impedance-matching range of the double-stub 
impedance-matching transformer is astonishing. For 
example, it is no problem at ail to bring the feedlines 
from two dipole antennas together at a T and match 
the resulting 25-ohm impedance to a 50-ohm line. 

tuner construction 

The stubs of a double-stub tuner are normally 3/8 
wavelength apart and mounted at right angles to a 
50-ohm line section. Insertion loss is not readable on 
a 0- to 25-watt rf power meter running at half scale. 
There is just one problem with the tuners: they are 
hard to make because mechanical tolerances must 
be held tightly so that the tuning plungers do not 
bind when they are adjusted. It is not necessary to 
have a mill to build a double-stub tuner, although 
there is one minor place where it produces a more 
professional job. A lathe should be available. 

construction 

Referring to the cross-sectional sketch (see fig. 1), 
tubing sections used for the stubs can be sawed to 
length; remember that they must be long enough to 
reach halfway around the mainline section. Cut and 
file one end of each stub tube to fit snugly around the 
main section line. Scribe the outside contour of one 
of the stub tubes onto the main line, 43 mm (1.7 
inches) from the center of the main line; scribe a 
similar contour 43 mm (1.7 inches) from the center 
toward the other end. These outlines must be parallel 
along the main line tube. Remember, these scribed 
contours are the outside of the stub tubes. Cut and 
file openings in the main line tube to match the inside 
diameter of the stub sections. Final fit must be made 
with the file strokes at right angles to the line tube 
and parallel to the axis of the stub tubes, as they will 
solder in place. This may sound difficult, but it's not, 
just a bit tedious. 

Assembly of the two stubs to the main line must 
be done accurately. I found the simplest way was to 
lay the three parts on a piece of 1,9-cm (3/4-inch) 
plywood and drive nails on both sides of all three 
tubes to hold them in place. A square will indicate 
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when the stubs are at right angles to the main line. 
The plywood will keep all three parts in the same 
plane. Put something heavy on each of the tubes to 
keep it from shifting during the soldering operation. 
The stubs are soldered to the main line section with a 
substantial bead halfway around the joint. The as¬ 
sembly is then turned over in the jig to complete the 
second half of the soldering job. If the half-soldered 



saw 

JEWELERS SAW |[ j| 

fig. 2. Close-up view of the fingerstock assembly. If brass 
shim stock is used instead of fingerstock, the size of the 
brass ring can be changed to compensate for the size dif¬ 
ference. 


assembly, when flipped over, does not drop into the 
nail jig without binding, the right-angle alignment of 
the jig is faulty. If this happens, it is best to start over. 

In fig. 1, the dimension of the inner conductor of 
the main line has not been shown. This is because 
flanged N connectors vary somewhat in design, and 
the builder must determine this length to match the 
available fittings. For final assembly, the outer face 
of both N flanges must be recessed into the main line 
tube approximately 1.5 mm {1/16 inch). The normal¬ 
ly square flanges are turned on a lathe to a diameter 
allowing a slip fit into the copper tube. The center- 
conductor's length is set to fit snugly up against the 
boss at the base of the conductor extension of each 
N fitting. This is not critical, but recessing of the N 
connector flanges is necessary to permit a substan¬ 
tial solder bead for maximum strength under torque 
load from connected equipment. 

Once the inner conductor length is established, the 
ends of the rod are tapered and an 11 mm (7/16 inch) 
deep hole is drilled in each end. The diameter of the 


hole is selected to provide a slip fit on the center pin 
of the connector. With a jeweler's saw, three longitu¬ 
dinal cuts are made on each end of the center-con¬ 
ductor rod, giving six segments at each end. The 
segments are given a set toward the center to estab¬ 
lish a press fit over the center pin of the N conductor 
(no soldering is possible at final assembly). The longi¬ 
tudinal cuts are 9.5 mm (3/8 inch) deep. If the N con¬ 
ductor pins are more than 6,5 mm (1/4 inch) long, 
cut them back to 6.5 mm (1 /4 inch). 

There is one very critical dimension in the inner 
conductor assembly, the spacing between the points 
at which the stubs connect. This spacing must 
match, as closely as possible, the center spacing be¬ 
tween the outer tubes already assembled. Measure 
the distance between the stub centers accurately and 
transfer this measurement to the center conductor of 
the main line. (Center-to-center measurement is 
most easily done by measuring from the left-hand 
side of one tube to the left-hand side of the other 
tube, or conversely, from the right-hand side of one 
tube to the right-hand side of the other tube.) This 
measurement is transferred to the center conductor 
of the main line so that the distance from one end of 
the line to the first stub is equal to the distance from 
the other end of the line to the second stub. 

Clamp the rod in a vise and file flat spots 6.5 mm 
(1/4 inch) wide over the stub locations. These should 
be filed one-third of the way through the rod. The 
faces must be flat and parallel to each other since 
they affect final alignment of the stubs. Drill and tap 
each flat for a 4-40 (M3) machine screw, ensuring 
that the distance between the drilled holes is exactly 
the same as the distance between the centers of the 
two stub tubes already assembled. Insert brass 4-40 
(M3) machine screws from the bottom so that the 
threaded end of the screws extends 9.5 mm (3/8 
inch) above the face of the flats. The above proce¬ 
dure is for those who don't have access to a mill. 
(With a mill, sink a 6.5-mm [1/4-inch] end mill 3 mm 
[1/8 inch] deep, then drill and tap for the screws.) 

The center-stub conductors are squared in the 
lathe, drilled and tapped for the screws already in 
place in the main line. Screw the stubs onto the 4-40 
(M3) studs and check for perpendicular projection 
from the line and for parallel alignment. If alignment 
is correct, the screws can be soldered to the main 
line, after which the excess should be sawed off and 
smoothed to maintain the shape of the line. The 
stubs must be removed from the mounting studs for 
final assembly. 

The plungers are made from 6.5-mm (1/4-inch) ID 
brass hobby tubing, which is a slip fit on the center 
conductor stubs. The tubing is also split with a jewel¬ 
er's saw as indicated in fig. 2. The segments are 
pressed inward to give a good sliding fit on the center 
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conductor. The brass ring which supports the finger- 
stock is bored, turned and soldered in place. The in¬ 
dicated fingerstock is ideal for the job, but brass shim 
stock may be substituted if the fingerstock is not 
available. When using shim stock, wrap it around the 
ring, slit in segments, and solder in place. Give the 
segments an outward bias and contour the tips to 
slide rather than dig into the outer conductor. 


with the plungers completely in. It is good insurance 
to wrap the base of the stub tuner lines, where they 
solder to the main line, with a damp cloth while sol¬ 
dering the N fittings into place. 

With these three pieces of gear, directional watt 
meter dummy load, and stub tuners, 1215 MHz to 
1300 MHz becomes one of the easiest of the amateur 
bands to work on, rather than one of the hardest. 





The plastic fitting at the end of each stub is drilled 
for a slip fit on the plunger tubing and pressed onto 
the end of the stub. The plunger knobs may be any 
type of plastic and are also press fitted onto the 
plunger tubing. 

final assembly 

The center conductor of the main line is slipped in¬ 
to the tube, the center conductor stub lines are 
screwed into place on the 4-40 (M3) screws and set 
tight with a pair of heavy pliers. The N fittings are 
pressed into the ends of the main line center conduc¬ 
tor and the plungers are slid down over the stub cen¬ 
ter lines. The plastic guide sleeves are pressed into 
the open end of the stub tubes and the plungers are 
run up and down to check for any binding. There 
should be none, though a slight difference in resis¬ 
tance may be noticed at first as the plungers move 
full stroke. If no problems show up, the flanges of 
the N fittings may be soldered with the plungers both 
fully inserted. This is important, as any misalignment 
will be less troublesome if the N fittings are soldered 


The guesswork disappears in checking cavity or 
stripline efficiency, antenna match, and line reflec¬ 
tions. Comparing one antenna to another becomes 
routine, rather than the long, drawn-out process of 
trying to match power into an antenna system in the 
face of all the line and feed problems that constantly 
disturb the results. 

Different tuner configurations are illustrated in fig. 
3. Asa simple indication of what can be accomplished 
with one of these tuners, a test set-up was arranged 
on the bench. Eight watts of power was fed into a 
dipole that had been trimmed to give a good match 
to a 50-ohm line when used to drive a 2.5-meter (8- 
foot) parabolic dish. The wattmeter showed that two 
watts were being reflected. With a double-stub tuner 
into the line at the dipole, it took less than ten 
seconds to wipe out the reflected power by adjusting 
the stub plungers. This was a 25 per cent increase in 
radiated power without having to touch the antenna. 
If aggravation has a price tag, these three pieces of 
gear are a bargain. 

ham radio 
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1.5 GHz divide-by-four prescaler 


Extending the range 
of your counter 
is made easy 
by this simple 
divide-by-four 
1500-MHz prescaler 


In the last few years frequency counters have 
developed from bulky, slow, costly units affordable 
only by well-heeled laboratories, into small, high- 
frequency instruments at a price easily within the 
reach of the average ham. Quite a few manufacturers 
now offer counters with 1-Hertz resolution to 50 or 
60 MHz, low power drain, and a price in the neigh¬ 
borhood of $100. In addition, many articles have ap¬ 
peared in the amateur magazines describing the con¬ 
struction of frequency counters and prescalers; 
recently, an entire issue (February 1978) of ham radio 
was devoted to the subject of frequency counters. 

The upper frequency limit of every counter is set 
by the maximum operating speed of the input divider 
stage. This first divider is usually a fast prescaler — a 
fixed, asynchronous divider operating with the main 
divider chain. The most popular low-cost prescalers 
use the 11C90 digital divider, which has a typical 
maximum operating frequency of about 600 MHz. 1C 


prescalers with higher operating speeds are available, 
but their high prices have kept them from finding 
much amateur use. 

However it is now possible to inexpensively extend 
a counter's operating frequency range to well 
beyond 1 GHz, with a recently introduced ECL 
(emitter-coupled logic) divide-by-four prescaler. This 
device is the Motorola MC1697, a very fast ECL 
prescaler which has a typical operating frequency of 
1600 Mhz. Thus, a prescaler using this circuit will ex¬ 
tend the range of a 400-MHz counter to above 1.5 
GHz. It will operate with signals as low as 1 mW, re¬ 
quires only a single dc supply, and will drive 50-ohm 
loads. The MC1697 is a low-cost, plastic-packaged 
device that sells for less than $18. 


-7VDC 



I fig. 1. Schematic diagram of the divide-by-four prescaler 
using the Motorola MC1697. Chip capacitors are preferred 
for the input and output coupling capacitors, though silver 
micas may be used if the other types cannot be obtained. 
If the 1C should free-run, the oscillations can be stopped 
by connecting a 10k resistor across pins 4 and 5. 

By Jerry Hinshaw, N6JH, 2500 Medallion 
#193, Union City, California 94587 
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circuit description 

The schematic diagram of the prescaler's circuit is 
shown in fig. 1. The signal to be counted is fed 
through Cl to the MC1697, which contains two 
divide-by-two stages in cascade. The input to the 
first counter is internally biased to accept zero-mean 
signals so that no external set-up bias is needed. The 
second flip-flop has complementary outputs. One of 
these is fed to the output connector through C2, the 
other is terminated in a 51-ohm resistor. The 200- 
ohm resistor terminates the open emitter of the out¬ 
put emitter follower. 

A single dc power supply is required to provide - 7 
volts at approximately 60 mA. A simple power supply 
for this prescaler module can be built using an adjust¬ 
able voltage regulator. The design of power supplies 
using this type of regulator has been discussed by 
K5VKQ. 1 

construction 

The prescaler is built on the small printed circuit 
board shown in fig. 2.* Double-clad, 1.6-mm (1/16- 
inch) glass-epoxy board is used. One side forms a 
ground plane, which provides for low-impedance 
grounding and permits the use of microstrip lines for 
the input and output. 

All components, with the exception of Cl and C2, 
are mounted on the ground plane side of the board. 
If chip capacitors are used for Cl and C2, they should 
be soldered directly across the gaps in the microstrip 
lines. If silver mica capacitors are to be used, they 
may be mounted on the ground plane side of the 
board with the rest of the components. The use of 
chip capacitors is preferable, as they will provide low¬ 
er loss and less inductance than capacitors with wire 
leads. 

Be sure to leave enough clearance under the 
bodies of the two 1000-pF bypass capacitors so that 
the lead can be soldered to the ground plane at the 
points indicated by Xs on fig. 2C. One end of the 51- 
ohm resistor is connected to the top side of the 
board. 

If a socket is used to mount the MC1697, it must 
be the type that can be soldered to both sides of the 
board so that pins 1 and 8 can be properly grounded. 
Molex or swage-in pins will work here, or the 1C can 
be soldered in the circuit board. Soldering the 1C is 
the best choice in terms of electrical and thermal per¬ 
formance, but it does make changing the device diffi¬ 
cult. If you are going to purchase only one 1C (rather 
than buy several to select the fastest), you may as 
well solder it directly to the board. 

•An etched, drilled, and plated glass-epoxy circuit board is available for 
$6.00 postpaid, from H&M Microwave. Post Office Box 185, Montrose, 
California 91020. California residents please add 6 per cent sales tax. 


The board was designed to fit into a Bud CU124 
cast aluminum box, although it will also fit into a 5.1 
x 7.6 x 10.2-cm (2 x 3 x 4-inch) sheet-metal box. 
The cast box provides better grounding and rf shield¬ 
ing. The board fits into the box as shown in fig. 3. 
The component side is mounted facing down; this is 
done so that the BNC input and output connectors 
can be directly soldered to the microstrip lines after 
the board has been installed in the box. 

The board itself is mounted in the box with four 
9.5-mm (3/8-inch) standoffs located at the four 
mounting pads near the corners of the board. The 
standoffs should be soldered to the ground plane and 
then securely clamped to the box with screws. 

If an external power supply is used, the lead may 


® /s 

v/ vy 
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fig. 2. The top and bottom sides of the printed circuit board 
are shown in A and B respectively, tn the parts placement 
diagram. C. Cl. and C2 are installed on the top of the board 
if glass or mica capacitors are used; if chip ceramics are 
used, they are mounted on the foil side. The leads marked 
with an X are to be soldered on the ground plane side. 
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be brought into the box with a feedthrough bypass- 
type capacitor. Alternatively, a small power supply 
can be built in the box containing the prescaler. 

operation 

This prescaler module has no adjustable compo¬ 
nents and should work, Murphy willing, when it is 
first turned on. However, if it does not, there are sev¬ 
eral points to check. First, see that the -7 volts is 
present at pin 5 on the MC1697. If you have an oscil¬ 
loscope, check to see that the 1C is not oscillating. (A 
cure for oscillations is to connect a lOk-ohm resistor 
from pin 4 to V^.) Also check the grounds on the 
two bypass capacitors, pins 1 and 8 on the MC1697, 
and on the 51-ohm resistor. All of these ground 
points must be soldered to the top of the printed cir¬ 
cuit board. 

Once the prescaler is built and operating you will 
naturally want to check it to find the maximum oper¬ 
ating frequency. One way of doing this involves find¬ 
ing a signal generator or source that covers the 1- to 
2-GHz range. Attach the prescaler and counter to 
the generator. Start with the generator set near 1 
GHz and verify that the counter reads approximately 
250 MHz. 

Slowly increase the frequency of the signal gener¬ 
ator and watch the counter display. Somewhere be¬ 
tween 1500 and 1700 MHz (about 375 to 425 MHz on 
the display) the indicated frequency will suddenly 
jump downward. This shows that the divider is no 
longer able to operate normally. The point at which 
the display jumps to a radically different value in¬ 
dicates the maximum input frequency at which your 
prescaler will operate. 

There is another test that will help locate the criti¬ 
cal upper frequency. While slowly increasing the in¬ 
put signal frequency, watch the least significant 
digits on the display of the counter. As the maximum 
operating frequency is approached these digits will 
become erratic, indicating that the phase noise on 
the prescaler's output is becoming significant. This 
flickering occurs a few megahertz below the cutoff 
frequency. 

If you wish to vary the power supply voltage slight¬ 
ly, you may be able to find a point at which the maxi¬ 
mum operating frequency is increased. However, I 
found that presetting the supply to - 7 volts is nearly 
optimal, and that adjusting the voltage never raised 
the upper frequency limit by more than a small 
amount. 

Another good test of the prescaler is to count a 
signal whose frequency is near the maximum limit for 
the counter itself, note the frequency displayed, and 
then count the same signal using the prescaler. If the 
counts (after multiplying by four) are very nearly the 
same, the prescaler is probably operating correctly. 


The most serious shortcoming of this prescaler 
module is its limited dynamic range. Typically, the in¬ 
put signal must be in the range of 200 to 1600 mV p-p 
for proper operation. The dynamic range could be 
extended by the use of an input stage of amplifica¬ 
tion and limiting. The problem with this approach is 
that the amplifier stage must be broadband, covering 
at least 600 to 1500 MHz; such amplifiers are not 
easily built. Avantek 2 has published an application 



' BN C CONNECT Off 

fig. 3. Mounting details for the divide-by-four prescaler. The 
center pin of the BNC connectors is soldered to the trace on 
the printed circuit board. 

note which covers the construction of a 40-dB dy¬ 
namic range preamplifier covering 25 to 1000 MHz. 
Using thin-film hybrid amplifier modules to achieve 
its performance, its principal shortcoming lies in the 
cost — more than $120. 

The simple prescaler described here, even without 
a preamplifier, is a useful test instrument. If the input 
signal's amplitude is outside the operating range, the 
prescaler does not produce spurious outputs — it 
simply stops operating. As long as the input signal 
source can provide at least 1 mW, some attenuator 
level can be found which will permit operation of the 
scaler. Several versions of this prescaler module have 
been built. All functioned without problems and all 
had a maximum operating frequency of at least 
1500 MHz. 

references 

1. Chris Cogburn, K5VKQ, "How to Design Regulated Power Supplies," 
ham radio, September 1977, page 58. 

2. "A 1-GHz Prescaler Using GPD Series Thin-Film Amplifier Modules," 
Avantek Application Note ATP 1036, Avantek Corporation, 3175 Bowers 
Avenue, Santa Clara, California 95051. 
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products 


For literature on any of the new 
products, use our Check-Off 
service on page 150. 


vlf-hf communications 
receiver 



The new HF1030 communications 
receiver introduced by Communica¬ 
tions Product Corporation is a fully 
synthesized, tunable, solid-state re¬ 
ceiver that covers the frequency 
range from 10 kHz to 30 MHz in 10- 
Hz steps. Designed by Dr. Ulrich L. 
Rohde, DJ2LR, well known to ham 
radio readers for his many contribu¬ 
tions to modern high-frequency re¬ 
ceiver design, the HF1030 has many 
unusual features not previously avail¬ 
able. Included are frequency preset, 
remote control, and remote program¬ 
mability — features which permit the 
receiver to be used in computer- 
based communications systems. 
Communications Product Corpora¬ 
tion is presently working with Tek¬ 
tronix on a system for military appli¬ 
cations which allows a Tektronix 
4051 computer to store and decipher 
Morse code and RTTY transmissions. 
The Tektronix 4051 computer is also 
capable of remotely controlling and 
programming the HFI030 via an inter¬ 


phase card and IEEE bus, allowing 
simultaneous control of up to 30 
separate H FI 030 receivers. 

Other features of the HF1030 in¬ 
clude provision for all reception 
modes {a-m, ssb, and CW), 455-kHz 
output for FSK demodulation (FSK fil¬ 
ter built in), selectable i-f band- 
widths, electronic bandpass tuning, 
and excellent immunity to strong- 
signal overload. The two selectable 
tuning speeds of the optical shaft 
encoder (1800 Hz and 180 Hz per 
360° dial revolution) give the feel and 
smoothness of an analog VFO in 
quasi-continuous tuning with ab¬ 
solutely backlash-free performance 
while retaining the accuracy and 
stability of the internal or external 
frequency standard. No separate 
MHz control is required — the fre¬ 
quency may be preset with the 
thumbwheel switches, then returned 
to VFO control; the fast-switching 
synthesizer permits frequency jumps 
of 30 MHz in less than 10 milli¬ 
seconds. 

All internal frequency control, in¬ 
cluding the BFO, is derived from a 
master crystal standard; worst case 
frequency stability for the oscillator 
is 1 Hz/C°. For more demanding 
stability requirements, there is pro¬ 
vision for an external rubidium or 
cesium standard. The fully synthe¬ 
sized BFO provides a ±5 kHz tuning 
range. Almost all frequency synthe¬ 
sizer circuitry is based on CMOS cir¬ 
cuits; this reduces power consump¬ 
tion to less than 2 watts and en¬ 
hances reliability because of heat 
reduction. Spectral purity of the syn¬ 
thesizer is improved because of the 
great reduction of digital noise. The 
CMOS memories and standby battery 
provide storage of frequency data for 
at least one year in the event of 
power failures; upon restoration of 
power, the receiver will return to the 
previously tuned frequency. 

The HFI 030 receiver uses a spe¬ 
cially developed, high-level double- 
balanced mixer with monolithic hot- 
carrier diodes, which is terminated in 
a low-noise amplifier with heavy feed¬ 
back for excellent sensitivity without 
any requirement for an rf amplifier. 


Sensitivity on CW, FSK, and ssb is 
typically 0.5 *A/ for 10 dB signal-to- 
noise ratio; a-m sensitivity is 2.6 fi\/ 
typical for 10 dB S/N. The noise fig¬ 
ure is less than 10 dB from 1-30 MHz. 
The third-order input intercept point 
is + 20 dBm (signals separated 30 
kHz); second-order IMD is - 80 dB. 

The first i-f of the H FI030 is at 
40.455 MHz; the second i-f is at 455 
kHz, To improve input selectivity the 
8-pole 40.455-MHz crystal filter has 
a bandwidth of ±4 kHz with a 1:2 
shape factor; this filter was designed 
specifically for low intermodulation 
distortion products. The five built-in 
455-kHz i-f filters have been specially 
selected for optimum performance on 
ssb (2.7 kHz), CW (375 Hz), FSK 
(1.9 kHz), and a-m (5.8 kHz). The 
built-in bandpass tuning feature (con¬ 
trolled by the main tuning knob) is 
accomplished by electronically shift¬ 
ing the frequencies of the LO and 
BFO. 

The very effective A6C system 
used in the H FI030 receiver has a 
minimum range of 120 dB with a 
threshold at 0,2 /A/; there is less than 
6 dB audio change with rf inputs 
from 1 /iV to 100 mV. On ssb, the 
AGC attack time is 100 ms; hold time 
is 1.6 seconds and release time is 
50 ms (typical). For a-m reception, 
AGC attack time is 10 ms; release 
time is 35 ms. 

Other features of the HFI030 in¬ 
clude a very effective squelch system 
which discriminates between man¬ 
made noise or electrical noise and 
voice or other wanted transmissions. 
Editor-in-chief W1HR had an oppor¬ 
tunity to compare the performance of 
the HF1030 against several other 
high-frequency receivers and re¬ 
ported that "It's probably the best 
communications receiver I've ever 
used; weak signals that were com¬ 
pletely covered by noise and internal 
IMD in other receivers were solid 
copy on the HF1030. It's amazing 
how much of the splatter hams com¬ 
plain about is actually being gen¬ 
erated right in their own receivers!" 

The receiver uses modular con¬ 
struction with easy access to all as¬ 
semblies; its compact size allows two 
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HF1030 receivers to be mounted side 
by side in a single rack panel. The set 
measures 8.24 inches wide, 5.22 
inches high, and 14.48 inches deep 
(21 x 13.3 x 36.8 cm); weight is 18 
pounds (8.2 kg). Total power con¬ 
sumption (all LED displays on) is less 
than 15 watts. Power requirement is 
110/220 Vac, 47-400 Hz at 25 watts, 
or 15 to 25 Vdc at 1 amp. Further in¬ 
formation on the HF1030 Communi¬ 
cations Receiver can be obtained 
from Rohde Et Schwarz Sales Com¬ 
pany, (U.S.A.) Inc., 14 Gloria Lane, 
Fairfield, New Jersey 07006. 


bencher keyer paddle 



Bencher, Inc., of Chicago, is pro¬ 
ducing a dual-lever, iambic keyer 
paddle that has a lot of features 
you'll find helpful for ease and relia¬ 
bility in CW operation. Some of these 
features are dual adjustment of spring 
tension on the paddles to match the 
"feel" to your fist; precision contact 
adjustments with a set-screw locking 
feature so the adjustment stays 
where you want it; and a heavy steel 
base, equipped with nonskid feet so 
you don't have to chase the paddle 
around the desk top. 

The contact points are solid silver, 
for a lifetime of flawless keying. 
Nylon bearings are used on the key¬ 
ing shafts, and the bearings float on 
machined brass fittings for a self¬ 
aligning action. Spring tension pre¬ 
vents play and sloppiness, eliminating 
contact bounce and backlash. 

The Bencher Ultimate Paddle looks 
good and works well. The frame, 
posts, and bearing ring are all pre¬ 
cision machined from solid brass 
stock, polished and plated for dura¬ 
bility and first-rate appearance. 

You can obtain the model BY-1 
(standard black-finish base) for 
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ALL BAND TRAP ANTENNAS! 


PRETUNEO - COMPLETLY ASSEMBLED - 
ONLY ONE NEAT SMALL ANTENNA FOR 
UP TO 6 8ANDSI EXCELLENT FOR CON¬ 
GESTED HOUSING AREAS - APARTMENTS 
LIGHT -STRONG - ALMOST INVISIBLE! 

COMPLETE AS SHOWN with 90 ft. RG58U-52 ohm foedllne, and PL259 connector, Insulators, 30 ft. 
300 lb. tost dacron end supports, canter connector with built In lighnlng arrester and static discharge - 
molded, seated, weatherproof, resonant traps r'X6"-you just switch to band desired for excellent worldwide 
operation - transmitting and reclevlngl WT. LESS THAN S LBS. 



FOR ALL MAKES A. MODELS OF AMATEUR 
TRANSRECEIVERS - TRANSMITTERS - 
GUARANTEED FOR 2000 WATTS 5SB 
1000 WATTS CW. FOR NOVICE AND ALL 
CLASS AMATEURSI 


160-80-40-20-15-10 bands 2 trap-136 ft with 90 ft. RGS8U - connector - Modal 777BU , , $54.95 
60-40-20-15-10 bands 2 trip — 102 ft. with 90 ft, RG58U - connector - Model 998BU . . .$49.95 
40-20-15-10 bands 4 trap —54ft. with 90 ft. RG5SU coax - connector - Model I001BU. . .$48.95 
20-15-10 bands 2 trap — 26 ft. with 90 ft. RG5BU coax - connector - Model 1007BU .... $47.95 


SEND FULL PRICE FOR POST PAID INSURED DEL. IN USA. (Canada is $5.00 extra for postage - 
clerical - customs - etc.) or order using VISA Bank Amerlcard - MASTER CHARGE - AMER. EX¬ 
PRESS. Give number and ex. date. Ph 1-308-236-6333 QAM - 6PM week daya. We «hip In 2-3 daya. 
PRICES MAY INCREASE SO - ORDER NOW AND SAVE I All antennas guaranteed tor 1 year. Money 
back trial I Made In USA . FREE INFO. AVAILABLE ONLY FROM. 


WESTERN ELECTRONICS Dept. AR. 12 Kearney, Nebraska. 68847 


/HAND HOLDING? . . . let/ 


DATA SIGNAL pal rings on your fingers . . . 

(with our SUB-MINIATURE ENCODERS 

The world's smallest hand-held goes hand-in- 
hand with the world’s smallest, lightest and 
least expensive T-T Pads. 

MODEL 5ME — Smallest available Touch Tone Encoder. Thin, 
only .05" thick, keyboard mounts directly to front of hand, 
held portable, while sub-miniature tone module fits inside. 

This keyboard allows use of battery chargers. Price $29.00, 
with your choice of keyboards. SME (loss keyboard) $24.00 


or, 


MODEL DTM — Completely self-contained miniature encoder 
for hand-held portables. Only 5/16" thick. Three wire con¬ 
nection. Automatic PTT keying optional. With your choice of 
keyboards. Price DTM - $39.00, DTM-PTT - $49.00. 

•■Touch-Tone is a registered trade name of AT&T. 


. . . Sind (Bells on your cJoes 


DTM 





SME 


with our AUTOPATCH - Ready to go! 



A Complete Autopatch facility that requires only a repeater 
and a telephone line. Features include single-digit access/ 
disconnect, direct dialing from mobile or hand-held radios, 
adjustable amplifiers for transmitter and telephone audio, and 
tone-burst transponder for acknowledgement of patch dis¬ 
connect. 

RAP-200 P. C. Card $199,50 

RAP-200R Rack Mount $249.50 





Be sure to ask about 
our new keyers and CW 

mm. 

mmim 


memory for CW buffs . 



DATA SIGNAL, INC. 

2403 COMMERCE LANE ALBANY, GEORGIA 31707 


912-883-4703 



$39.95; or the BY-2 (polished 
chrome-plated base) for $49.95. 
Bencher will quote the price of a 
Gold Plated Presentation model 
(BY-3) upon request. The paddles 
are available at selected dealers, or 
direct from Bencher, Inc., 333 West 
Lake Street, Chicago, Illinois 60606. 


Palomar synthesized 
transceiver 



The Palomar PTR-130K is the first 
completely multi-functional trans¬ 
ceiver ever made available to the pub¬ 
lic. It incorporates some of the most 
advanced features of logic tech¬ 
nology. The PTR-130K is a minia¬ 
turized mobile transceiver capable of 
operating with 100-Hz resolution 
from 100 kHz to 30 MHz, in ail modes 
of transmission and reception (ssb, 
CW, fm, and a-m). Instant frequency 
selection is available at the touch of a 
finger. 

The transceiver has a built-in rf 
compressor to increase effective 
transmitter output by 12 dB (16 
times). Two cascaded Collins me¬ 
chanical filters in the receiver provide 
superior selectivity, with a typical 
shape factor of 1:1.25 (3 dB/60 dB). 
These, and many other features, are 
packed into a small, 16.5 x 6.3 x 
20 cm (6-1/2 x 2-1/2 x 8-inch) 
package. Power output is 5 watts on 
a-m, 12 watts on other modes. 

The PTK-130K is the latest in a 
long line of innovative electronics 
products from Palomar Electronics 
Corporation, 665 Opper Street, 
Escondido, California 92025. 


"Band-Aids" Handbook 

James Dersch, WD0AJE, has just 
published Band-Aids, which he calls 
the "Radio Amateur Operator’s 
Handiest Handbook/’ If you've ever 
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had to frantically search for some bit 
of information in the midst of a QSO 
or contest, you will agree with that 
description. 

BandrAids is a spiral-bound book¬ 
let full of handy information in a mul¬ 
titude of categories. It contains many 
operating aids that the amateur will 
find useful — perhaps essential — 
during the many activities he pur¬ 
sues. it has maps and lists for such 
things as the Worked All States 
award (WAS), time-zone informa¬ 
tion, abbreviations, IACO word list 
(phonetic alphabet), OSCAR fre¬ 
quencies, U.S. 160-meter allocations, 
W1AW broadcast schedule, third- 
party agreement information, ama¬ 
teur network listings and Q-signals, 
international prefix lists, and many 
other bits and pieces that are always 
needed at your fingertips but manage 
to get lost at the wrong time. 



In the nonoperating category, 
BandrAids contains useful material 
on metric conversions, resistor (and 
other component) color coding, 
schematic-diagram symbols, tele¬ 
phone touch-tone frequencies, vswr 
nomograph, some useful formulas, 
and much more. 

BandrAids contains 110 pages, and 
measures 14 x 21 cm (5-1/2 x 
8-1/2 inches). The spiral binding 
allows it to lie flat, and the compact 
size allows it to fit comfortably on 
even the smallest of operating posi¬ 
tions. You can obtain one from Ham 


The complete receiver audio active filter 
YOU CAN DO IT SIMULTANEOUSLY with both 
NOTCH and BANDPASS filters. 


NOTCH FltTER 

CONTINUOUSLY VARIABLE 
500 - 1400 HZ. 

NOTCH OEPTH FIXED AT 
NO LESS THAN 30 DB. 

INDEPENDENT OF BAND¬ 
PASS CONTROLS. 

HAY BE CENTERED FROM 
200 - 1400 HZ. 



BANDPASS FILTER 

CONTINUOUSLY VARIABLE 
200 - 1400 H2. 

CENTER FREQUENCY CON¬ 
TINUOUSLY variable 
FROM 200 - 1400 HZ. 

CHANNEL WIDTH CONTINU¬ 
OUSLY VARIABLE FROM 
1 ^ TO MORE THAN 1400 
HZ -- 3 OB. 


FULLY 
RFI PROOF 


SL-55 

Audio Active Filter 
Both filters are cascaded with a fixed 
WARRANTY lowpass filter (18 dB/octave rolloff 
ONE YEAR above 1400 Hz) for optimum SSB 
filtering. (3.5x5.5x7.5 inches) 


CONTAINS 115 VAC POWER SUPPLY. REQUIRES LOW IMPEDANCE C <4 - I 6 OHM) AUDIO 
DRIVE FROM ANY RECEIVER. CONNECTS IN SERIES WITH AUDIO OUTPUT LINE AND 
WILL DRIVE SPEAKER OR HEADPHONES. AUDIO OUTPUT POWER ONE WATT. WE WILL 
MODIFY TO 240 VAC FOR FOREIGN USE FOR $1.00 ADDITIONAL. FRONT PANEL BY¬ 
PASS SWITCH RESTORES AUDIO PATH TO ITS ORIGINAL CONFIGURATION. 


NET: $72.50 Collim gray cabinet and doth gray wrinkle panel 

pcnipotd >n the USA and Canada Vngnno irvdoriK odd 4*K, vatev la* 

ERC INTRODUCES A BRAND NEW CON" 
CEPT IN THE MEASUREMENT OF VSWR 
AND POWER ACCEPTED BY THE LOAD 


REQUIRES 115 VAC AT 
LESS THAN 1/16 AMP. 

COLLINS GRAY CABINET. 
WRINKLE PANEL - BRIGHT 
RED LED DIGITS (.33"). 
DECIMAL POINT IS THE 
PILOT LIGHT. 



ANTENNA PROJECTS 


1.0 -30MHz 


TWO S0- 2 5 9 COAX CONNEC TORS 
ARE AT THE REAR PANEL. 

DIMENSIONS 3.5 x 5.5 X 7.5 
INCHES. 

WEIGHT IS 2 POUNDS. 

SL-65A GREAT FOR 
QRP a OB 


THE MODEL SL-65- (20 - 20U0 WATTS) AND THE MODEL SL-65A- (0.2 - 20 
WATTS) DIGITAL VSWR AND NET POWER INDICATORS PROVIDE INSTANTANEOUS 
AND CONTINUOUS DISPLAYS OF VSWR AND NET POWER ACTUALLY ACCEPTED BY 
THE ANTENNA. THERE ARE NO BUTTONS TO PUSH OR CALIBRATION SETTINGS. 
EITHER MEASUREMENT IS DISPLAYED WITHOUT DIGITAL READOUT FLICKER THE 
INSTANT RF HITS THE COAX FOR VIRTUALLY ANY TYPE OF MODULATION - - - 
EVEN SSB AND CW GREATER THAN 10 WPM. THERE IS NOTHING LIKE IT AVAIL¬ 
ABLE ANYWHERE ELSE. CHECK THE PERFORMANCE SPECIFICATIONS BELOW. 


SL-65 

VSWR INDICATOR 


WARRANTY SL 65 

ONE YEAR NET POWER INDICATOR 


•TWO DIGIT DISPLAY SHOWS VSWR 
TO AN ACCURACY OF .1 FOR VALUES 
FROM 1.0 AND 2.2. ACCURACY IS 
TO .2 FOR VALUES FROM 2.3 TO 
3.4 AND TO .3 FROM 3.4 TO 4.0. 
FROM 4.1 TO 6.2 THE INDICATION 
MEANS THAT VSWR IS VERY HIGH. 

•FOR VSWR VALUES NEAR 1.0, THE 
POWER RANGE FOR A VALID READING 
IS 20 - 2000 WATTS OUTPUT. FOR 
HIGHER VALUES THE UPPER POWER 
LIMIT FOR A FLICKER FREE VALID 
READING IS SOMEWHAT LESS (35 - 
1000 WATTS FOR VSWR AT 2.0). 

•DIVIDE THE ABOVE POWER LEVELS 
BY 100 TO OBTAIN THE PERFORMANCE 
OF THE SL-65A QRP MODEL. 


SURFACE POSTPAID IN US S CANADA 
PRICE: $ 189.50 . VIRGINIA RESIDENTS 

BOOKLET AVAILABLE AT 
$2.00 REDEEMABLE TO¬ 
WARD PURCHASE 
-PATENT PENDING 


•THE POWER DISPLAYED IS THE DETECTED 
PEAK OF THE PEP FOR ANY MODULATION. 
THIS IS THE POWER THAT THE TRANS¬ 
MITTER IS M TALKED" UP TO.DISPLAY DE¬ 
CAY TIME IS ABOUT ONE SECOND. 

•THE POWER DISPLAYED IS THAT WHICH 
IS ACCEPTED BY THE ANTENNA (FORWARD 
LESS REFLECTED). 

•POWER IS DISPLAYED ON THE SAM£ TWO 
DIGITS AS VSWR IN TWO AUTORANGED 
SCALES. 20 TO 500 WATTS AND 500 TO 
2000 WATTS. TRIPOVFR AT THE 500 WATT 
LEVEL IS AUTOMATIC EX; A READING OF 
1.2 COULD MEAN 120 OR 1200 WATTS. 

YOU MUST KNOW WHICH RANGE YOU ARE IN. 

•ACCURACY IS TO 10 WATTS IN THE LOWER 
RANGE AND 100 WATTS IN THE UPPER RANGE 
DIVIDE POWER SPECS BY 100 FOR SL-6SA. 


ACO 4% SALES TAX. TEL. (004) 463~2669 

ELECTRONIC RESEARCH CORP. OF VIRGINIA 
P O. BOX 2394 

VIRGINIA BEACH, VIRGINIA 23452 


More Details? CHECK-OFF Page 150 
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RNTECK.Inc. 


PHONE 1208) 324-3400 
BOX 543 

JEROME, IDAHO 83338 


MODEL MT4 MOBILE ANTENNA. Tunes 3;.l la 30 Mhz 
inclusive. Conservatively rated at 750 watts P.E.P. 

Tunes Ham Bands. Short Wave Rands, Military. MARS, and 
CB. Full output from solid slate finals. Tuned from the base 
with logging scale lo locate your favorite frequency's in 
seconds. Unaffected by moisture^and the elements. 

FEATURES Fiberglass loading cail; Rase tuned with logging 
seale. Modular construction. 


SEE PAGE 103. HAM. RADIO NOVEMBER ISSUE. FOR FUU. 
URES. CONTACT YOUR LOCAL DEALER. 


Join fW Mobile activity riurfTHMh< 
Mobilenntenna that provides 
In effkmncy. Users report 5-9 
Asian (afc tinents on 20 m et ers, w 


upswing of Cycle 21 with a 
of operation and the utmost 
als from the European and 
200 watts P.E.P. 


Radio's Communications Bookstore, 
Greenville, New Hampshire 03048, 
for $7.95, plus 40 cents shipping and 
handling. Order CC-BA. 


tunable sub-audible 
tone encoder 




A 





Master Charge and VISA accepted^ 


MERRY XMAS 


"THE PROFESSIONALS” 


MODEL 

CTR-2A 


500 MHz 
& 1 GHz 


1 us to 
1 sec. 



10 mv @ 
150 MHz 


The New Model CTR-2A Series Counters arc designed and built to the highest standards 
to fulfill the needs of commercial communications, engineering labs and serious experl- 
mentors. With an accuracy of + .00005% (oven option) theCTR-2A can hondle the most 
critical measurements and Is about half the cost of other commercial counters. 

H you need a reliable counter at an affordable price, the CTR -2A Is the answer. 


-Period Measurement (Optional) 

1 Input Diode- Protected 
>12V-DC Operation (Optional) 
►Oven Controlled Crystal (Optional) 
+ .5 ppm 

' Selectible Gate Times * J & 1 sec. 


I PROBES 


• Built*in Pre*Amp 10 mv @ 1 50 MHz 

• 8 Digit ,3" LED Display 

• High Stability TCXO Time Bose 

• Built-in VHF-UHF Prescaler 

• Automatic Dp Placement 

• TCXO Std. t 2 ppm 

500 MHz Kit CTR-2 A-500K ... 

500 MHz Assembled CTR-2A-500A 

1GHz Kit CTR-2 A-1 OOOK 

1GHz Assembled CTR-2A-1000A 

OPTIONS .... 

02) Oven Crystal $49.95 05} 10 s 

03) .43" LED 10.00 06) Perl 

04) 12 V-DC 10.00 07) Han 


DAVIS ELECTRONICS 636 Shendan Dr. .Tana., N.Y. 14150 716/874-5848 


$249 95 
349 95 
399 95 
549,95 


05) 10 sec. Time Base $ 5 00 
06) Period 15.00 

07) Handle 10.00 



W 



























Thirteen types of mountings are avail¬ 
able, according to Randall J, Fried- 
berg, vice president and sales mana¬ 
ger. The antennas are designed for 
100, 150, and 200-watt power ranges. 
The mobile units are designed for 
temporary or permanent installation 
on all types of vehicles, Friedberg 
said. 

All of the antennas and accessories 
described in the 8-page booklet are 
manufactured in the United States 
and of highest quality materials to 
assure dependable performance. 

Copies of the catalog are available 
free on request from Antenna Incor¬ 
porated, 26301 Richmond Road, 
Cleveland, Ohio 44146. 

CW/ssb active filter 

MFJ Enterprises has introduced 
two new CW and ssb active filters. 
The top-of-the-line model is called 
the MFJ-721 Super Selector CW/ssb 
Filter. It has a 2-watt audio amplifier, 
switchable noise limiting, and an in¬ 
put selector switch for two rigs. 


•>;.» * -_j- - ! 



m 

PHONE 

iw no 

w 

Dff . *0 

WJliUtM 

■ *» / IV. W f ir t fl.TKIl 

| MODEL MF>720 | 



The CW filter is an 8-pole active fil¬ 
ter (4 cascaded stages) centered 
nominally at 750 Hz. It has four 
se/ectab/e bandwidths, 180, 150, 110, 
and 80 Hz. In the 80-Hz position, the 
response is at least 60 dB down one 
octave from the center frequency. It 
drastically reduces noise and provides 
up to 15 dB improvement in signal-to- 
noise ratio. 

With a pair of stereo headphones, 
simulated stereo reception directs the 
narrow, filtered signal to one ear and 
the unfiltered signal to the other. The 
ears and brain then reject the interfer¬ 
ence, but allow off-frequency calls to 
be heard. 

The ssb filter dramatically improves 


BI-LATERAL 


ON 


POvYE R 


SSB 


METER 
f m LINEAR 


PWR RF 

AMP IND 


lUESitom 

son mortos col. i 


mum 

DIGS OUT THE WEAK SIGNAL 
AND BOOSTS THE POWER !!! 

Now Westcom gives you twice the advantage a tow noise receiver preamplifier and an output 
power amplifier, all id the same package* No modification of your transceiver is required since 
it's all in one high performance, low cost unit The low noise U310 J-F£T yields i2dB gam, 2dB 
NE. and the receive amp may be used independent of power amp This unit is a natural tor 
OSCAR uDlink or long haul weak Signal IROPO work Available in 90w or I25w 


• An add-on unit, no internal connections or 
adjustments required to associated 
equipment 

»Standard Amplifiers operate PM, Linear 
Models operate all modes SSB, FM, AM, 
RTTY. CW 

» Diffused emitter ballasting resistors 
achieve extreme ruggedness under severe 
operating conditions 

• Withstands 20:1 VSWR under specified 
operating condtlions 

• Microstrip" design provides high stability 
and optimum performance over wide band¬ 
width 

► Factory adjusted, no tuning required 


• Mobile mounting bracket included 

* RF sensing T/R switching, adjustable drop 
out delay (SSB/CW Mode) 

• Remote keying capability 

* Thermally coupled biasing 

• Reverse Voltage protected 

* Detachable lused power connector 

• Conservatively rated with oversized heat 
Sink 

* Compact: 4 1/8x51/2x2 5/8 

• Red LED indicators lor monitoring DC and 
RF 

* One year material and workmanship limited 
warranty 


MODEL 

INPUT 

MINIMUM 

MAXIMUM 


NO. 

POWER 

OUTPUT W. 

CURRENT 

PRICE 

(two meter) 

(watts) 

(at max Input) 

13.8 VDC 


FM Mode 

2m 15x70 

5*15 

70 

8 

$11995 

2m 15x90 

5-15 

90 

11 

$134.95 

2rn 25x125 

10-25 

125 

18 

$164 95 

All Mode-Lmeanzed 

2m 15x70L 

2-15 

70 

8 

$129 95 

2m 15 x90L 

2-15 

90 

11 

$i4g,95 

2m 25xl25L 

5-25 

125 

18 

$179 95 

All Mode-Linearized 
with preamp 

2m 15 x908L 

2 15 

90 

11 

$179 95 

2m 25x12581 

5*25 

125 

18 

$209 95 


‘Linear. AM.CW.FM.SSB.RTTY. Linear models work well with low power 
transmitters of 2-3 watts to yield 30-40w output. Size: 4 1/8x5 1/2 x 2 5/8 


ft not available from your local dealer, contact: 



ENGINEERING 


1320 Grand Avenue 


California 92069 


San Marcos 


(714) 744-0728 
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from ASTRO INI 

High Quality • Rugged • Reliable 


SPECIAL FEATURES 

» SOLID STATE ELECTRONICALLY REGULATED 
- FOLD-BACK CURRENT LIMITING Prolecls Power SupplyIrom 
excessive current & continuous shorted output, 

* CROWBAR OVER VOLTAGE PROTECTION on Models RS-i’A. 
RS-12A, RS-20A, & RS-35A 

* MAINTAIN REGULATION & LOW RIPPLE at low line inpul Voltage, 

* HEAVY DUTY HEAT SINK • CHASSIS MOUNT FUSE 

* THREE CONDUCTOR POWER CORD 

* ONE YEAR WARRANTY * MADE IN U.S.A. 

PERFORMANCE SPECIFICATIONS 

* INPUT VOLTAGE' 105-125 VAC 

* OUTPUT VOLTAGE: 13.8VDC ±0.05 volts 
(Internally Adjustable: 1H5 VDC) 

* RIPPLE Less lhan 5mv peak to peak (lull load & low line) 

* REGULATION ± 05 volts no load lo lull load & low line lo high line 



ASTRON 35 AMP REGULATED 
POWER SUPPLY Model RS-35A 

25 Amps continuous 
35 Amps ICS * 

5" (H) x H"(W) x It" (D) 
Shipping Weight 28 lbs. 

Price.$136.95 


Ollier popular POWER SUPPLIES also available: (Sarnie Uptimes and specittcAiiom as above) 


Model 

Continuous Duly (amps) 

ICS* 

(amps) 

Size (In.) 

H x W x 0 

Shipping 
Wl. (lbs.) 

Price 

RS-2QA 

16 

20 

5x9x9 

19 

S94.95 

RS-12A 

9 

12 

4x8x9 

13 

$72.95 

RS-7A 

5 

7 

3'/< x 6 x 7 to 

7 to 

$49.95 

RS*4A 

3 

4 

3% x 6 x 7 Vi 

5 

$39.95 


■!CS — intermittent Communication Service (50% Duty Cycle) 

ft not available at your local dealer, please contact us directly. 


ASTRON CORPORATION 

1971 SOUTH RITCHEY ST., SANTA ANA, CA 92705 (714) 835-0682 


new. CoaxProbe* .new 

Coaxial RF Probe for Frequency Counters and 
Oscilloscopes That Lets You Monitor Your 
Transmitted Signal Directly From the Coax Line. 


$ 9.95 


Only V w ■ 

plus .50 postage 


FINALLY! A RF PROBE that lets you connect 
into your coax cable for frequency 
measurements and modulation waveform 
checks directly from Ihe transmitter, 

JUST CONNECT THE CoaxProbe* into 
your transmission tine and plug the output 
into the frequency counter or oscilloscope. 
Insertion loss is less than ,2db so you can 
leave it in while you operate. 

A NECESSITY IN ANY WELL-ORGANIZED 
HAM SHACK, the CoaxProbe* eliminates 
* ‘jerry-rigging* 1 and hassles when tapping 
into the coax line is desired. 

A SPECIAL METHOD OF SAMPLING 
keeps output relatively constant with a wide 
variation of power. Power output of 8 watts 
gives .31 v out, while 800 watts will give 
1,8v out. (rms 3-30 mhz.) 2000 watts PEP 
rating too! 

‘Trademark ol CoaxProbe Co . lor rf sampling device 
1978 by Coax Probe Co 



USE IT ON 2 METER RIGS TO ADJUST 
FREQUENCY. The CoaxProbe* has a range 
of 1.8 to 150 mhz. 

MONITOR YOUR MODULATION 
WAVEFORM. With an oscilloscope of prop¬ 
er bandwidth, you can check your modula¬ 
tion tor flat-topping, etc. Ideal lor adjusting 
the speech processor. 

NOW YOU CAN MONITOR SIGNALS when 
connected to the dummy load, eliminating 
unnecessary on-the-air radiation. 
AVAILABLE FOR THE FIRST TIME TO 
AMATEURS. Try it for 10 days. If not 
satisfied, send it back for refund {minus 
shipping charges). 

Order today from: 

CoaxProbe Co. 

P.O. Box 426, Portage, Ml 49081 

Dealer Inquiries Invited 


readability by optimizing the audio 
bandwidth to reduce sideband splat¬ 
ter, remove low- and high-pitched 
QRM, hiss, static crashes and back¬ 
ground noise, and eliminate 60- and 
120-Hz hum. 

A self-adjusting automatic peak 
clipper is provided for ssb. For CW, 
another clipper removes background 
noise that is smaller in amplitude than 
the signal. The MFJ-720 plugs into 
the phone jack and drives a speaker 
or phones with 2 watts of audio. The 
size is 12.7 x 5 x 15.2 cm (5 x 2 x 
6 inches). It requires 9 to 18 Vdc; an 
optional ac adapter is available. The 
price is $59.95. 

The MFJ-720 Deluxe Super CW 
Filter uses the same 8-pole active fil¬ 
ter as the MFJ-721. The frequency 
determining components are hand 
selected for a response within one Hz 
of the nominal 750-Hz center fre¬ 
quency. The low-Q cascaded design 
minimizes ringing. A self-adjusting 
peak noise limiter is also built in. 

The MFJ-720 plugs into the phone 
jack and drives the speaker or 
phones. The size is 10.2 x 5 x 15.2 
cm (4 x 2 x 6 inches); it requires 9 
to 18 Vdc. An optional ac adapter is 
available. The price is $44.95. 

The MFJ-721 Super Selector 
CW/ssb Filter and the MFJ-720 
Deluxe Super CW Filter are available 
from MFJ Enterprises; they both 
have a 30-day, money-back trial peri¬ 
od. If you are not satisified, you may 
return the filters within 30 days for a 
full refund (less shipping). MFJ also 
provides a one-year unconditional 
warranty. 

To order, call toll free 
800-647-8660, or mail your order to 
MFJ Enterprises, Post Office Box 
494, Mississippi State, Mississippi 
39762. Include $2.00 for shipping and 
handling. 

Chemtronics 
desoldering tool 

Chemtronics Inc., of Hauppauge, 
New York, recently announced the 
latest addition to its popular line of 
solder and industrial-chemical prod- 
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ucts: the D5 Desoldering Tool. This 
unique new product, which features 
Chemtronics' highly effective desol¬ 
dering wick in a specially engineered, 
refillable dispenser tool, helps tech¬ 
nicians remove solder more efficiently 
while economizing on wick use. D5 
may be used alone, or as an integral 
part of Chemtronics' new SD5 Sol¬ 
der/Desolder System. 

The D5 Desoldering Tool consists 
of a 25-mm (1-inch) clear-plastic 
cylinder which contains a visible 
supply of 152 cm (5 feet) of the com¬ 
pany's specially formulated desol¬ 
dering wick. Braid is fed to the wick 
through a Teflon* probe that extends 
from one end of the wick supply. 
The heat-resistant Teflon probe 
allows users to desolder with pin¬ 
point accuracy and without burnt 
fingers, even in high-density circuitry. 
In addition, the D5 Tool's exclusive 
probe permits the user to shape or 
"web" the wick, providing maximum 
absorbency and further economizing 
on wick use. When the wick supply 
is exhausted, the user simply snaps 
the tool's probe into the D5 Desol¬ 
dering Tool Wick Refill. 

Chemtronics' D5 Desoldering Tool 
uses the highest-quality braid in nat¬ 
ural copper color, which permits the 
user to see the absorption of solder. 
The braid, which meets all MIL-specs 
and NASA publications require¬ 
ments, is treated with a pure, water- 
white rosin flux which is nonactivated 
and free from halogens and corrosive 
chlorides. This assures complete sol¬ 
der absorption without leaving harm¬ 
ful residue. 

The pocket-sized D5 Desoldering 
Tool is available alone or as part of 
the SD5 Solder/Desolder System, 
where it telescopes or snaps in and 
out of a pound or half-pound spool of 
Chemtronics' solder. D5 wick refills 
are also available, in two diameters, 
allowing the D5 Tool to be economi¬ 
cally reused for years. More informa¬ 
tion is available at Chemtronics dis¬ 
tributors or directly from Chemtronics 
Inc., Solder Products Division, 45 
Hoffman Avenue, Hauppauge, New 
York 11787. 

•Teflon is a registered DuPont trademark. 


All Palomar Engineers products are 
made in U.S.A. Since 196S, manufacturers 
of Amateur Radio Equipment only. 



• New device opens up the world of Very Low Frequency 
radio. 

• Gives reception of the 1750 meter band at 160-190 KHz 
where transmitters of one watt power can be operated 
without FCC license. 

• Also covers the navigation radiobeacon band, standard 
frequency broadcasts, ship-to-shore communications, 
and the European low frequency broadcast band. 

The converter moves all these signals to the 80 meter amateur band where 
they can be tuned in on an ordinary shortwave receiver. 

The converter is simple to use and has no tuning adjustments. Tuning of 
VLF signals is done entirely by the receiver which picks up 10 KHz signals 
at 3510 KHz, 100 KHz signals at 3600 KHz, 500 KHz signals at 4000 KHz. 

The VLF converter has crystal control for accurate frequency conversion, a 
low noise rf amplifier for high sensitivity, and a multipole filter to cut 
broadcast and 80 meter interference. 

All this performance is packed into a small 3“ x IV 2 " x 6” die cast 
alumlnim case with UHF (SO-239) connectors. 

The unique Palomar Engineers circuit eliminates the complex bandswitch¬ 
ing and tuning adjustments usually found in VLP converters. Free 
descriptive brochure sent on request. 

Order direct. VLF Converter $55.00 in U S and Canada. Add $2.00 
shipping/handling. California residents add sales tax. 

Explore the interesting world of VLF. Order your converter today! Send 
check or money order to: 
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ham radio 

cumulative index 

1969-1978 


antennas and 
transmission lines 

general 

Antenna control, automatic azimuth/elevation 
for satellite communications 
WA3HLT p. 26, Jan 75 

Correction p, 58, Dec 75 

Antenna dimension (HN) 

WA9JMY p. 66, Jun 70 

Antennas and capture area 

K6MIO p. 42, Nov 69 

Antenna and control-link calculations for 
repeater licensing 

W7PUG p, 58, Nov 73 

Short circuit p. 59, Dec 73 

Antenna and feedline facts and fallacies 

W5JJ p. 24, May 73 

Antenna design, programmable 
calculator simplifies (HN) 

W3DVO p, 70, May 74 

Antenna gain (letter) 

W3AFM p. 62, May 76 

Antenna gain, measuring 

K6JYO p. 26, Jul 69 

Antenna wire, low-cost copper (HN) 

W2EUQ p. 73, Feb 77 

Anti-QRM methods 

W3FQJ p. 50, May 71 

Bridge for antenna measurements, simple 

W2CTK p. 34, Sep 70 

Cubical quad measurements 

W4YM p. 42, Jan 69 

Dipole center insulator (HN) 

WA1ABP p. 69, May 69 

Diversity receiving system 

W2EEY p, 12, Dec 71 

Dummy load and rf wattmeter, low-power 
W20LU p, 56, Apr 70 

Dummy load, low-power vhf 

WB9DNI p. 40, Sep 73 

Effective radiated power (HN) 

VE7CB p. 72, May 73 

Feedpoint impedance characteristics 

of practical antennas 

W5JJ p. 50, Dec 73 

Filters, low-pass, for 10 and 15 
W2EEY p. 42, Jan 72 

Gain calculations, simplified 

W1DTV p, 78. May 78 

Gain vs antenna height, calculating 

WB8IFM p. 54. Nov 73 

Gin pole, simple lever for raising masts 

WA2ANU p. 72, May 77 

Ground screen, alternative to radials 

WB0JGP p, 22, May 77 

Grounding, safer (letter) 

WA5KTC p. 59, May 72 

Ground rods (letter) 

W7FS p. 66, May 71 

Ground systems, vertical antenna 

W7LR p. 30, May 74 

Headings, beam antenna 

W6FFC p. 64, Apr 71 

Horizontal or vertical (HN) 

W7IV p. 62, Jun 72 

Impedance measurements, nonresonant antenna 
W7CSD p. 46, Apr 74 

Insulators, homemade antenna (HN) 

W7ZC p, 70. May 73 

Isotropic source and practical antennas 

K6FO p. 32, May 70 

Lightning protection (C&T) 

W1DTY p. 50, Jun 76 

Line-of*sight distance, calculating 

WB5CBC p. 56, Nov 76 

Measurement techniques for antennas 
and transmission lines 

W40Q p. 36, May 74 

Measuring antenna gain 

K6JYO p. 26, Jul 69 

Mobile mount, rigid (HN) 

VE7ABK p. 69, Jan 73 

Power in reflected waves 

Woods p. 49, Oct 71 

Reflected power, some reflections on 

VE3AAZ p. 44. May 70 

Reflectometers 

K1YZW p. 65, Dec 69 


W5WGF 

P- 58, 

Oct 

72 

K2F F 

P- 26, 

Jan 77 

Sampling network, rf — the 

milli-trap 



Ground-plane, multiband (HN) 


W6QJW 

P 34, 

Jan 

73 

JA1QIY 

p. 62, 

May 71 

Smith chart, how to use 




Groundplane, three band 



W1DTY 

p. 16, 

Nov 

70 

LAI El 

p. 6, 

May 72 

Correction 

P- 76. 

Dec 

71 

Correction 

p. 91, 

Dec 72 

Smith chart, numerical 




Footnote (letter) 

p. 65, 

Oct 72 

W8MQW 

p. 104. 

Mar 

78 

High-frequency amateur antennas 


Standing-wave ratios, importance of 



W2WLR 

p. 28, 

Apr 69 

W2HB 

p. 26, 

Jul 

73 

High-frequency diversity antennas 


Correction (tetter) 

P 67. 

May 

74 

W2WLR 

00 

CM 

a 

Oct 69 

Time-domain reflectometry. 

practical 



Horizontal-antenna gain at selected 


experimenter's approach 




vertical radiation angles 



WA0PIA 

P 22. 

May 

71 

W7LR 

p. 54, 

Feb 76 

T R switch 




Horizontal antennas, optimum height for 


K3KMO 

P 61, 

Apr 

69 

W7LR 

p. 40, 

Jun 74 

Voltage-probe antenna 




Horizontal antennas, vertical 

radiation patterns 

W1DTY 

P- 20, 

Oct 

70 

WA9RQY 

p 58, 

May 74 





Inverted-vee antenna (letter) 




high-frequency antennas 

All band antenna portable (HN) 

W2INS p 68, Jun 70 

All-band phased vertical 

WA7GXO p. 32, May 72 

Antenna, 3.5 MHz, for a small lot 

W6AGX p. 28, May 73 

Antenna potpourri 

W3FQJ p 54, May 72 

Antenna systems for 80 and 40 meters 

K6KA p. 55, Feb 70 

Army loop antenna — revisited 

W3FQJ p. 59. Sep 71 

Added notes p. 64, Jan 72 

Beam antenna, improved triangular shaped 
W6DL p 20, May 70 

Beam for ten meters, economical 

W1FPF p. 54, Mar 70 

Beverage antenna 

W3FQJ p. 67, Dec 71 

Bobtail curtain array 

W8YFB p. 81, May 77 

Bobtail curtain array, forty-meter 

VE1TG p. 58, Jul 69 

Coaxial dipole antenna, analysis of 

W2DU p. 46, Aug 76 

Coaxial dipole, multiband (HN) 

W4BDK p. 71. May 73 

Collinear, six-element, for 

W0YBF p. 22, May 76 

Compact antennas for 20 meters 

W4ROS p. 38, May 71 

Converted-vee, 80 and 40 meter 

W6JKR p. 18, Oec 69 

Corner fed loop, low frequency 

ZL1BN p, 30, Apr 76 

Installation modified p 41, Feb 77 

Cubical quad antenna design parameters 

K60PZ p. 55, Aug 70 

Cubical-quad antennas, mechanical design of 
VE31I P 44, Oct 74 

Cubical-quad antennas, unusual 

W1DTY p. 6, May 70 

Cubical quad, improved low profile, three band 
W1HXU p. 25, May 76 

Cubical quad, three-band 

W1HXU p. 22, Jul 75 

Curtain antenna (HN) 

W4ATE p. 66, May 72 

Delta loop, top-loaded 

W1DTY p 57. Dec 78 

Dipole, all-band tuned 

ZS6BT p. 22, Oct 72 

Dipole antennas on non-harmonic 
frequencies (HN) 

W2CTK p. 72, Mar 69 

Dipole beam 

W3FQJ p. 56, Jun 74 

Oipole pairs, low SWR 

W6FPO p. 42, Oct 72 

Dipole sloping inverted-vee 

W6NIF p 48, Feb 69 

Double bi-square array 

W6FFF p. 32, May 71 

Dual-band antennas, compact 

W6SAI p. 18. Mar 70 

DX antenna, single-element 

W6FHM p. 52, Dec 72 

Performance (letter) p. 65, Oct 73 

Four-band wire antenna 

W3FQJ p. 53, Aug 75 


WB6AQF p. 66, May 71 

Inverted-vee antenna, modified 

W2KTW p. 40, Oct 71 

Inverted-vee installation, improved low band (HN) 
W9KNI p. 68, May 76 

Inverted V or delta loop, how to add to tower 
K4DJC p. 32, Jul 76 

Large vertical, 160 and 80 meters 

W7IV p. 8, May 75 

Log-periodic antenna, 14, 21 and 28 MHz 

W4AEO p. 18, Aug 73 

Log-periodic antennas, 7-MHz 

W4AEO p. 16, May 73 

Log-periodic: antennas, feed system for 

W4AEO p. 30, Oct 74 

Log periodic antennas, graphical design 
method for 

W4AED p. 14. May 75 

Log-periodic antennas, vertical 
monopole, 3.5 and 7.0 MHz 
W4AEO p. 44, Sep 73 

Log-periodic: beams, improved (letter) 

W4AEO p. 74, May 75 

Log-periodic beam, 15 and 20 meters 

W4AEO p. 6, May 74 

Log periodic feeds (letter) 

W4AEO p. 66, May 74 

Log-periodic, three-band 

W4AEO p. 28, Sep 72 

Longwire antenna, new design 

K4EF p. 10, May 77 

Long-wire multiband antenna 

W3FQJ p. 28, Nov 69 

Loop antennas 

W40Q p. 18, Dec 76 

Loop receiving antenna 

W2IMB p. 66, May 75 

Correction p. 58, Dec 75 

Loop-yagi antennas 

VK2ZTB p. 30, May 76 

Low-band antenna problem, solution to 

W6YFB p. 46, Jan 78 

Low-mounted antennas 

W3FQJ p. 66, May 73 

Mobile antenna, helically wound 

ZE6JP p. 40, Dec 72 

Mobile color code (letter) 

WB6JFD p, 90, Jan 78 

Mono-loop antenna (HN) 

W8BW p, 70, Sep 69 

Multiband dipoles for portable use 

W6SAI p. 12, May 70 

Multiband vertical antenna system 

W0NCU p. 28, May 78 

Phased antenna (letter) 

Thacker, Jerry p, 6, Oct 78 

Phased array, design your own 

K1AON p. 78, May 77 

Phased ariay, electrically-controlled 

W5TRS p. 52, May 75 

Phased vertical array, fine tuning 

W4FXE p. 46, May 77 

Phased vertical array, four-element 

W8HXR p. 24, May 75 

Quad antenna, modified 

ZF1MA p. 68, Sep 78 

Quad antenna, multiband 

DJ4VM p. 41, Aug 69 

Quad antenna repairs (HN) 

K9MM p. 87. May 78 

Receiving antennas 

K6ZGQ p. 56, May 70 

Satellite antenna, simple (HN) 

WA6PXY p. 59, Feb 75 



Selective antenna system minimizes 
unwanted signals 

W5TRS p. 28, May 76 

Selective receiving antennas 

W5TRS P. 20, May 78 

Shunt-feed systems for grounded vertical 
radiators, how to design 

W40Q P- 34. May 75 

Simple antennas for 40 and 80 

W5RUB P 16, Dec 72 

Sloping dipoles 

W5RUB p. 19, Dec 72 

Performance (letter) p. 76, May 73 

Small-loop antennas 

W4YOT p- 36, May 72 

Stressed quad (HN) 

W5TIU p. 40. Sep 78 

Stub bandswitched antennas 

W2EEY p. 50, Jul 69 

Suitcase antenna, high-frequency 

VK5BI p. 61, May 73 

Tailoring your antenna, how to 

KH6HDM p. 34. May 73 

Telephone-wire antenna (HN) 

K9TBD p. 70, May 76 

Triangle antennas 

W3FQJ p. 56, Aug 71 

Triangle antennas 

W6KIW P- 58, May 72 

Triangle antennas (letter) 

K4ZZV P- 72, Nov 71 

Triangle beams 

W3FQJ p. 70, Dec 71 

Tuning aid for the sightless (HN) 

W6VX p. 83, Sep 76 

Unidirectional antenna for the low-frequency 
bands 

GW3NJY p. 61. Jan 70 

Vertical antenna radiation patterns 

W7LR p 50. Apr 74 

Vertical antenna, low-band 

W4IYB p. 70, Jul 72 

Vertical antenna, portable 

WA8NWL p. 48. Jun 78 

Vertical antenna, three-band 

W9BQE p. 44. May 74 

Vertical antennas, improving performance of 
K6FD P- 54, Dec 74 

Vertical antennas, performance characteristics 
W7LR P 34, Mar 74 


Vertical beam antenna, 80 meter 
VE1TG 

P 

26. May 

70 

Vertical dipole, gamma-loop-fed 
W6SAI 

P- 

19, May 

72 

Vertical for 80 meters, top-loaded 
W2MB 

P- 

20. Sep 

71 

Vertical radiators 

W40Q 

P 

16, Apr 

73 

Vertical, top-loaded 80 meter 
VE1TG 

P- 

48, Jun 

69 

Vertical-tower antenna system 
W40Q 

P- 

56, May 

73 

Windom antenna, four-band 
W4VUO 

P- 

62, Jan 

74 

Correction (letter) 

P 

74, Sep 

74 

Windom antennas 

K4KJ 

P 

10, May 

78 

Windom antenna (letter) 

K6KA 

P 

. 6, Nov 

78 

Zepp antenna, extended 

W6QVI 

P- 

48, Dec 

73 

ZL special antenna, understanding the 

WA6TKT P 38, May 

76 

3.5 MHz phased horizontal array 
K4JC 

P 

56, May 

77 

3.5 MHz tree-mounted ground-plane 
K2INA p. 

48. May 

78 

7-MHz antenna array 

K7CW 

P 

30, Aug 

78 

7 MHz rotary beam 

W7DI 

P 

34, Nov 

78 

7-MHz short vertical antenna 
W8TYX 

P 

60, Jun 

77 

14 MHz delta-loop array 

N2GW 

P 

16, Sep 

78 

160-meter loop, receiving 

K6HTM 

P 

46, May 

74 

160-meter vertical, shortened (HN) 
W6VX p. 

72. May 

76 

160 meters with 40-meter vertical 
W2IMB 

P 

34, Oct 

72 


vhf antennas 


Antennas for satellite communications, simple 
K4GSX p- 24, May 74 

Circularly-polarized ground-plane 

antenna for satellite communications 
K4GSX P- 28, Dec 74 

Collinear antenna for two meters, nine-element 
W6RJO P 12, May 72 

Collinear antenna (letter) 

W6SAI P- 70, Oct 71 

Collinear array for two meters, 4-element 

WB6KGF p. 6, May 71 

Collinear antenna, four element 440-MHz 

WA6HTP P- 38. May 73 


Collinear, six meter 

K4ERO p. 59, Nov 69 

Converting low-band mobile antenna to 
144-MHz (HN) 

K7ARR p. 90, May 77 

Corner reflector antenna, 432 MHz 

WA2FSQ p. 24, Nov 71 

Cubical quad, economy six-meter 

W6DOR p. 50. Apr 69 

Feed horn, cylindrical, for parabolic reflectors 
WA9HUV p. 16, May 76 

Ground plane, 2-meter, 0.7 wavelength 

W3WZA p. 40, Mar 69 

Ground plane, portable vhf (HN) 

K9DHD p. 71, May 73 

Log-periodic, yagi beam 

K6RIL, W6SAI p. 8, Jul 69 

Correction p. 68, Feb 70 

Magnet-mount antenna, portable (HN) 

WB2YYU p. 67, May 76 

Magnetic mount for mobile antennas 

W0HK p. 52, Nov 78 

Matching techniques for vhf/uhf antennas 

W1JAA p. 50, Jul 76 

Microwave antenna. Low-cost 

K6HIJ p. 52, Nov 69 

Mobile antenna, magnet-mount 

W1HCI p. 54, Sep 75 

Mobile antenna, six-meter (HN) 

W4PSJ p. 77, Oct 70 

Mobile antennas, vhf, comparison of 

W4MNW p. 52. May 77 

Moonbounce antenna, practical 144-MHz 

K6HCP p. 52, May 70 

Multiband J antenna 

WB6JPI p. 74, Jul 78 

Oscar antenna, mobile (HN) 

W60AL p. 67, May 76 

Oscar az-el antenna system 

WA1NXP p. 70. May 78 

Parabolic reflector antennas 

VK3ATN p. 12, May 74 

Parabolic reflector element spacing 

WA9HUV p. 28, May 75 

Parabolic reflector gain 

W2TQK p. 50. Jul 75 

Parabolic reflectors, finding the focal length (HN) 
WA4WDL p. 57, Mar 74 

Parabolic reflector, 16 foot homebrew 

WB6IOM p. 8, Aug 69 

Quad-yagi arrays, 432- and 1296-MHz 

W3AED p. 20. May 73 

Short circuit p. 58, Dec 73 

Simple antennas, 144-MHz 

WA3NFW p. 30, May 73 

Switch, antenna for 2 meters, solid-state 

K2ZSQ p. 48, May 69 

Two-meter fm antenna (HN) 

WB6KYE p. 64, May 71 

Vertical antennas, truth about %-wavelength 
K0DOK p. 48, May 74 

Added note (letter) p. 54, Jan 75 

Whip, 5/8-wave, 144 MHz (HN) 

VE3DOD p. 70, Apr 73 

Yagi antennas, how to design 

W1JR p. 22. Aug 77 

Yagi. 1296-MHz 

W2CQH p. 24, May 72 

7 MHz attic antenna (HN) 

W21SL P- 68, May 76 

10 GHz dielectric antenna (HN) 

WA4WDL p. 80. May 75 

144 MHz vertical, %-wavelength 

K6KLO p. 40. Jul 74 

144 MHz antenna, % wavelength 
built from CB mobile whip (HN) 

WB4WSU p 67. Jun 74 

144-MHz colinear uses PVC pipe mast (HN) 

K8LLZ p. 66, May 76 

144-MHz mobile antenna (HN) 

W2EUQ p. 80, Mar 77 

144-MHz vertical mobile antennas, V* and 

% wavelength, test data on 
W2LTJ, W2CQH p. 46, May 76 

144 MHz, 5 / a -wavelength vertical 

W1RHN p. 50. Mar 76 

144-MHz, Vb -wavelength, vertical antenna 
for mobile 

K4LPQ p. 42. May 76 

432-MHz high-gain Yagi 

K6HCP p. 46, Jan 76 

Comments, W0PW p. 63, May 76 

432-MHz OSCAR antenna (HN) 

W1JAA p. 58, Jul 75 

1296 MHz antenna, high gain 

W3AED p. 74, May 78 

1296-MHz Yagi array 

W3AED p. 40, May 75 

matching and tuning 

Antenna bridge calculations 

Anderson, Leonard H. p. 34, May 78 

Antenna bridge calculations (letter) 

W5QJR p. 6. Aug 78 

Antenna coupler for three-band beams 

ZS6BT p. 42, May 72 


Antenna coupler, six-meter 

K1RAK p. 44, Jul 71 

Antenna impedance transformer for 
receivers (HN) 

W6NIF p, 70, Jan 70 

Antenna instrumentation, simple, (repair bench) 
K4IPV p. 71, Jul 77 

Antenna matcher, one-man 

W4SD p. 24, Jun 71 

Antenna tuner adjustment (HN) 

WA4MTH p. 53, Dec 75 

Antenna tuner, automatic 

WA0AQC p, 36, Nov 72 

Antenna tuner, medium-power toroidal 

WB2ZSH p, 58, Jan 74 

Antenna tuner for optimum power transfer 
W2WLR P. 28, May 70 

Antenna tuners 

W3FQJ p. 58, Dec 72 

Antenna tuning units 

W3FQJ p. 58, Jan 73 

Baiun, adjustable for yagi antennas 

W6SAt p. 14, May 71 

Baiun, Simplified (HN) 

WA0KKC p. 73, Oct 69 

Broadband balun, simple and efficient 

W1JR p. 12, Sep 78 

Couplers, random-length antenna 

W2EEY p. 32, Jan 70 

Oummy loads 

W4MB p. 40, Mar 76 

Feeding and matching techniques for 
vhf/uhf antennas 

W1JAA p. 54, May 76 

Gamma-match capacitor, remotely controlled 
K2BT p. 74, May 75 

Gamma-matching networks, how to design 

W7ITB p. 46, May 73 

Impedance bridge, low-cost RX 

W8YFB p. 6, May 73 

Impedance-matching baluns, open-wire 

W6MUR p. 46. Nov 73 

Impedance-matching systems, designing 

W7CSD p. 58, Jul 73 

Loads, affect of mismatched transmitter 

W5JJ p. 60. Sep 69 

Matching, antenna, two-band with stubs 

W6MUR p. 18. Oct 73 

Matching system, two-capacitor 

W6MUR p. 58, Sep 73 

Matching transformers, multiple quarter-wave 
K3BY p. 44, Nov 78 

Measuring complex impedance with swr bridge 
WB4KSS p. 46, May 75 

Mobile transmitter, loading 

W4YB p. 46. May 72 

RX noise bridge, improvements to 

W6BXI, W6NKU p. 10. Feb 77 

Comments p. 100, Sep 77 

Noise bridge construction (letter) 

OH2ZAZ p. 8, Sep 78 

Noise bridge, antenna 

WB2EGZ p. 18, Dec 70 

Noise bridge, antenna (HN) 

K8EEG p. 71, May 74 

Noise bridge calculations with 
Tl 58/59 calculators 

WD4GRI p. 45, May 78 

Noise bridge for impedance measurements 
YA1GJM p. 62, Jan 73 

Added notes p 66, May 74; p. 60, Mar 75 

Omega-matching networks, design of 

W7ITB p, 54, May 78 

Phase meter, rf 

VE2AYU, Korth p. 28, Apr 73 

Quadrifilar toroid (HN) 

W9LL p. 52, Dec 75 

Stub-switched, stub-matched antennas 

W2EEY p. 34, Jan 69 

Swr alarm circuits 

W2EEY p- 73, Apr 70 

Swr bridge 

WB2ZSH p. 55. Oct 71 

Swr bridge and power meter, integrated 

W6DOB p. 40, May 70 

Swr bridge readings (HN) 

W6FPO p. 63, Aug 73 

Swr indicator, aural, for the visually handicapped 
K6HTM p. 52, May 76 

Swr meter 

WB6AFT p. 68, Nov 78 

Swr meter 

W6VSV p. 6. Oct 70 

Swr meter, improving (HN) 

W5NPD p. 68, May 76 

T-Network impedance matching to coaxial 
feedlines 

W6EBY p. 22, Sep 78 

Transmatch, five-to-one 

W7IV p. 54. May 74 

Transmission lines, grid dipping (HN) 

W20LU p. 72, Feb 71 

Transmission lines, uhf 

WA2VTR p. 36, May 71 

Uhf coax connectors (HN) 

W0LCP p. 70, Sep 72 
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towers and rotators 

Antenna and rotator preventive maintenance 
WA1ABP p. 66. Jan 

Antenna and tower restrictions 

W7IV p. 24, Jan 

Antenna guys and structural solutions 

W6RTK p. 33. Jun 

Antenna mast, build your own tilt-over 
W6KRT p. 42. Feb 

Correction p. 76, Sep 

Az-el antenna mount for satellite 
communications 

W2LX p. 34. Mar 

Cornell-Dubilier rotators (HN) 

K6KA p- 82. May 

Ham M modifications (HN) 

W2TQK p. 72. May 

Ham-M rotator automatic position control 
WB6GNM p. 42. May 

Pipe antenna masts, design data for 

W3MR p. 52. Sep 

Added design notes (letter) p. 75. May 

Rotator, AR-22. fixing a sticky 

WA1ABP p. 34. Jun 

Rotator for medium-sized beams 

K2BT p. 48, May 

Rotator, T-45. Improvement (HN) 

WA0VAM p. 64, Sep 

Stress analysis of antenna systems 

W2FZJ p. 23, Oct 

Telescoping tv masts (HN) 

WA0KKC p. 57, Feb 

Tilt-over tower uses extension ladder 

W5TRS p. 71. May 

Tower guying (HN) 

K9MM p. 98. Nov 

Tower, homemade tilt-over 

WA3EWH p. 28. May 

Tower, wind-protected crank-up 

(HN) p. 74. Oct 

Towers and rotators 

K6KA p. 34. May 

Wind loading on towers and antenna 

structures, how to calculate 
K4KJ p. 16. Aug 

Added note p. 56, Jul 


transmission lines 

Antenna-transmission line analog, part 1 
W6UYH p. 52. 

Antenna-transmission line analog, part 2 
W6UYH p. 29. 

Baiun, coaxial 

WA0RDX p. 26. 

Coax cable dehumidifier 

K4RJ p. 26. 

Coax connectors, repairing broken (HN) 
W0HKF p. 66, 

Coaxial cable (C&T) 

W1DTY p. 50, 

Coaxial cable, checking (letter) 

W20LU p. 68, 

Coaxial cable connectors (HN) 

WA1ABP p. 71, 

Coaxial-cable fittings, type-F 

K2MDO p. 44, 

Coaxial connectors can generate rfi 

W1DTY P- 48. 

Coaxial feedthrough panel (HN) 

W3URE p. 70. 

Coaxial-line loss, measuring with reflectometer 
W2VCI p. 50, 

Coax, Low-cost (HN) 

K6BIJ p. 74, 

Coaxial transmission lines, underground 
W0FCH p. 38, 

Impedance transformer, non-synchronous (HN) 
W5TRS p. 66. Sep 

Comments, W3DVO p. 63, May 

Matching transformers, multiple quarter-wave 
K3BY p. 44. Nov 

Open-wire feedthrough insulator (HN) 

W4RNL p. 79. May 

Remote switching multiband antennas 

G3LTZ p. 68, May 

Single feedline for multiple antennas 

K2ISP p. 58, May 

Transmission line calculations, 
using your pocket calculator for 
W5TRS p. 40, Nov 

Transmit/receive switch, solid-state vhf-uhf 
W4NHH p- 54, Feb 

Tuner, receiver (HN) 

WA7KRE p. 72, Mar 

Tuner, wall to-wall antenna (HN) 

W20UX p, 56, Dec 

Uhf microstrip swr bridge 

W4CGC p. 22. Dec 

VSWR indicator, computing 

WB9CYY p. 58, Jan 

short circuit p. 94, May 

Zip-cord feedlines (HN) 

W7RXV p. 32. Apr 


Zip-cord feedlines (letter) 

WB6BHI p. 6, Oct 78 

75-ohm CATV cable in amateur installations 


69 

W7VK 

75-ohm CATV hardline matching 

P 

28, 

Sep 

78 

76 

to 50-ohm systems 

K1XX 

P 

31. 

Sep 

78 

78 






70 

audio 





70 

Active filters 






K6JM 

P 

70, 

Feb 

78 

75 

Audio age principles and practice 






WA5SNZ 

p. 

28, 

Jun 

71 

75 

Audio CW filter 





76 

W7DI 

P 

54. 

Nov 

71 

Audio filter, tunable, for weak-signal 




77 

communications 

K6HCP 

P 

28, 

Nov 

75 

74 

Audio filters, aligning (HN) 





W4ATE 

P- 

72, 

Aug 

72 

75 

Audio filters, inexpensive 




71 

W8YFB 

Audio filter mod (HN) 

P 

24, 

Aug 

72 

76 

K6HIL 

Audio mixer (HN) 

P 

60. 

Jan 

72 

71 

W6KNE 

P- 

66, 

Nov 

76 

Audio module, a complete 





71 

K4DHC 

Audio-oscillator module, Cordover 

P 

18. 

Jun 

73 

73 

WB2GQY 

P 

44, 

Mar 

71 

Correction 

P 

80, 

Dec 

71 

75 

Audio-power integrated circuits 
W3FQJ 

Audio transducer (HN) 

P- 

64, 

Jan 

76 

77 

WAIOPN 

P 

59, 

, Jul 

75 

71 

Binaural CW reception, synthesizer for 



W6NRW 

P 

46, 

Nov 

75 

69 

Comment 

Distortion and splatter 

P 

77. 

Feb 

77 

76 

K5LLI 

Dynamic microphones (C&T) 

P 

44. 

Dec 

70 


W1DTY 

P- 

46, 

Jun 

76 

74 

Filter for CW, tunable audio 





75 

WA1JSM 

P 

34. 

Aug 

70 

Filter-frequency translator for cw 

reception. 



integrated audio 

W2EEY 

P 

24, 

Jun 

70 


Filter, lowpass audio, simple 
OD5CG 

Filter, simple audio 

P 

54. 

Jan 

74 


W4NVK 

P 

44, 

Oct 

70 

77 

Filter, tunable peak-notch audio 





W2EEY 

P 

22, 

Mar 

70 

77 

Filter, variable bandpass audio 






W3AEX 

P 

36, 

Apr 

70 

77 

Gain control 1C for audio signal processing 



Jung 

P- 

47, 

Jul 

77 

73 

Hang age circuit for ssb and CW 






W1ERJ 

P 

50, 

Sep 

72 

70 

Headphone cords (HN) 






W20LU 

P- 

62, 

Nov 

75 

76 

Impedance match, microphone (HN) 





W5JJ 

P- 

67. 

Sep 

73 

71 

Increased flexibility for the MFJ 






Enterprises CW filters 





69 

K3NEZ 

Intercom, simple (HN) 

P- 

58, 

Dec 

76 

71 

W4AYV 

Microphone preamplifier with age 

P 

66. 

Jul 

72 

76 

Bryant 

P 

28. 

Nov 

71 


Microphone, using Shure 401A with 




69 

the Drake TR-4 (HN) 

G3XOM 

P. 

68, 

Sep 

73 

72 

Microphones, muting (HN) 

W6IL 

Notch filter, tunable RC 

P 

63, 

Nov 

75 

69 

WA5SNZ 

P 

16, 

Sep 

75 

70 

Comment 

Oscillator, audio, 1C 

P- 

78. 

Apr 

77 

1 

75 

76 

W6GXN 

P- 

50. 

Feb 

73 

Oscillator-monitor, solid-state audio 




WA1JSM 

Phone patch 

P- 

48, 

Sep 

70 

78 

W8GRG 

Pre-emphasis for ssb transmitters 

P- 

20, 

Jul 

71 

75 

OH2CD 

P 

38, 

Feb 

72 

77 

RC active filters using op amps 
W4IYB 

RC active filters (letter) 

P- 

54. 

Oct 

76 

71 

W6NRM 

Receivers, better audio for 

p. : 

102, 

Jun 

78 



K7GCO 

p 

74, 

Apr 

77 

76 

Rf clipper for the Collins S-line 





78 

K6JYO 

Rf speech processor, ssb 

p 

18, 

Aug 

71 


W2MB 

p. 

18, 

Sep 

73 

69 

Speaker-driver module, 1C 






WA2GCF 

p- 

24. 

Sep 

72 

70 

Speech amplifiers, curing distortion 





Allen 

p- 

42, 

Aug 

70 

72 

Speech clipper, 1C 






K6HTM 

p- 

18. 

Feb 

73 

77 

Added notes (letter) 

p. 

64, 

Oct 

73 

77 

Speech clippers, rf 






G6XN p. 26. Nov; 

p. 

12, 

Dec 

72 

78 

Added notes p. 58, Aug 73; 

p- 

72. 

Sep 

74 


Speech clipping in single-sideband equipment 
K1YZW p. 22. Feb 71 

Speech clipping (letter) 

W3EJD p. 72. Jul 72 

Speech compressor (HN) 

Novotny p. 70, Feb 76 

Speech processing, principles of 

ZL1BN p. 28, Feb 75 

Added notes p. 75, May 75; p. 64, Nov 75 

Speech processing technique, split audio band 

W10TY p. 30. Jun 76 

Speech processor, audio-frequency 

K3PDW p. 48. Aug 77 

Short circuit p. 68, Dec 77 

Speech processor for ssb, simple 

K6PHT p. 22, Apr 70 

Speech processor, 1C 

VK9GN p. 31, Dec 71 

Speech processor, logarithmic 

WA3FIY p. 38, Jan 70 

Speech systems, improving 

K2PMA p. 72. Apr 78 

RC active filters using op amps 

W4IYB p. 54, Oct 76 

Squelch, audio-actuated 

K4MOG p. 52. Apr 72 

Synthesizer filter, binaural 

W6NRW p. 52. Nov 76 

Tape head cleaners (letter) 

K4MSG p. 62, May 72 

Tape head cleaning (letter) 

Buchanan p. 67, Oct 72 

Voice-operated gate for carbon microphones 
W6GXN p. 35. Dec 77 

commercial equipment 

Alliance rotator improvement (HN) 

K6JVE p. 68. May 72 

Alliance T-45 rotator Improvement (HN) 

WA0VAM p. 64, Sep 71 

Atlas 180. improved vfo stability (HN) 

K6KL0 p. 73, Dec 77 

CDR AR-22 rotator, fixing a sticky 

WA1ABP p. 34, Jun 71 

Cleanup tips for amateur equipment (HN) 

Fisher p. 49, Jun 78 

Clegg 27B, S-meter for (HN) 

WA2YUD p. 61, Nov 74 

Collins KWM-2/KWM-2A modifications (HN) 

W6SA1 p. 80, Aug 76 

Collins KWM2 transceivers, improved 
reliability (HN) 

W6SAI p. 81, Jun 77 

Collins R390 rf transformers, repairing (HN) 
WA2SUT p. 81, Aug 76 

Collins receivers, 300 Hz crystal filter for 

W1DTY p. 58, Sep 75 

300 Hz crystal filter for Collins receivers 

W10TY p. 58, Sep 75 

300 Hz crystal filter for Collins receivers 

W1DTY p. 58, Sep 75 

300 Hz crystal filter for Collins receivers (letter) 
G3UFZ p. 90, Jan 78 

Collins S-line, improved frequency readout for the 
W1GFC p. 53, Jun 76 

Collins S-line power supply mod (HN) 

W6IL p. 61, Jul 74 

Collins S-line receivers, improved selectivity 
W6FR p. 36, Jun 76 

Collins S-line, reducing warm-up drift 

W6VFR p. 46, Jun 75 

Collins S-line, rf clipper for 

K6JYO p. 18. Aug 71 

Correction p. 80, Dec 71 

Collins S-line spinner knob (HN) 

W6VFR p. 69, Apr 72 

Collins S-line, syllabic vox system for 

W0IP p. 29, Oct 77 

Collins S-line transceiver mod (HN) 

W6VFR p. 71, Nov 72 

Collins 32S-series ALC meter improvement (HN) 
W6FR p. 100, Nov 77 

Collins 32S-3 audio (HN) 

K6KA p. 64. Oct 71 

Collins 32S-1 CW modification (HN) 

W1DTY p. 82, Dec 69 

Correction p. 76, Sep 70 

Collins 32S-1, updating 

N1FB p. 76, Dec 78 

Collins 51J. modifying for ssb reception 

W6SAI p. 66, Feb 78 

Collins 51J product detector (letter) 

K5CE p. 6, Oct 78 

Collins 51J PTO restoration 

W6SAI p. 36, Dec 69 

Collins 70E12 PTO repair (HN) 

W6BIH p. 72, Feb 77 

Collins 70K-2 PTO, correcting mechanical 
backlash (HN) 

K9WEH p. 58, Feb 75 

Collins 75A4 avc mod (letter) 

W9KNI p. 63, Sep 75 

Collins 75A4 hints (HN) 

W6VFR p. 68, Apr 72 
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Collins 75A4, Increased selectivity for (HN) 


W1DTY p. 62, Nov 75 

Collins 75A-4 modifications (HN) 

W4SD p. 67, Jan 71 

Collins 75A4 noise limiter 

W1DTY p- 43, Apr 76 

Collins 75A4 PTO, making tt perform like new 

W3AFM p. 24. Dec 74 

Collins 75A-4 receiver, improving overload 
response in 

W6ZO p. 42, Apr 70 

Short circuit p. 76, Sep 70 

Collins 75S frequency synthesizer 

W6NBI p. 8, Dec 75 

Short Circuit P- 85, Oct 76 

Collins 75S receiver, (HN) 

N1FB p. 94, Oct 78 

Collins 75S series crystal adapter (HN) 

K1KXA p. 72, Feb 77 

Collins R-388(51J), inter-band 
calibration stability (HN) 

W50ZF p. 95, Sep 77 

Collins R390A, improving the product detector 

W7DI p. 12. Jul 74 

Collins R390A modifications 

WA2SUT p. 58, Nov 75 

Collins R392, improved ssb reception with (HN) 
VE3LF p. 88, Jul 77 

Comdel speech processor, increasing the 
versatility of (HN) 

W6SAI p. 67. Mar 71 

Cornell-Dubilier rotators (HN) 

K6KA p, 82, May 75 

Drake gear, simple tune up (HN) 

W7DIM p. 79, Jan 77 

Drake R-4 receiver frequency 
synthesizer for 

W6NBI p. 6, Aug 72 

Modification (letter) p. 74, Sep 74 

Drake R-4C, cleaner audio for (HN) 

KlFO p. 88, Nov 78 

Drake R-4C, electronic bandpass tuning in 

Horner p. 58, Oct 73 

Drake R-4C, new product detector for (HN) 

WB0JGP p. 94, Oct 78 

Drake TR-4, using the Shure 401A 
microphone with (HN) 

G3XOM p. 68, Sep 73 

Elmac chirp and drift (HN) 

W50ZF p. 68, Jun 70 

Feedline loss, calculating with a single 
measurement at the transmitter (HN) 

K9MM p. 96, Jun 78 

Galaxy feedback (HN) 

WA5TFK p, 71, Jan 70 

Genave transceivers, S-meter for (HN) 

K90XX p. 80, Mar 77 

Hallicrafters HT-37, increased sideband 
suppression 

W3CM p. 48, Nov 69 

Ham-M modification (HN) 

W2TQK p. 72. May 76 

Ham-M rotator automatic position control 

WB6GNM p. 42, May 77 

Hammarlund HQ215, adding 160-meter 
coverage 

W2GHK p. 32, Jan 72 

Heath HD-10 keyer, positive lead keying (HN) 
W4VAF p. 88, Nov 78 

Heath HD-1982 Micoder for low impedance 
operation 

Johnson, Wesley p. 86. May 78 

Heath HG-10B vfo, independent keying of (HN) 
K4BRR p. 67, Sep 70 

Heath HM-2102 wattmeter, better 
balancing (HN) 

VE6RF p 56. Jan 75 

Heath HM 2102 vhf wattmeter, high power 
calibration for (HN) 

W9TKR p. 70. Feb 76 

Heath HM-2102 wattmeter mods (letter) 

K3VNR p. 64. Sep 75 

Heath HO-10 as RTTY monitor scope (HN) 

K9HVW p. 70, Sep 74 

Heath HR-2B external speaker and tone pad (HN) 
N1FB p. 89, Nov 78 

Heath HW-7 mods, keying and receiver 
blanking (HN) 

WA5KPG p. 60, Dec 74 

Heath HW-12 on MARS (HN) 

K8AUH p. 63, Sep 71 

Heath HW-16 keying (HN) 

W7DI p 57. Dec 73 

Heath HW-16, low-impedance headphones 
for (HN) 

WN8WJR p. 88, Jui 77 

Heath HW16, vfo operations for 

WB6MZN p. 54. Mar 73 

Short circuit p. 58, Dec 73 

Heath HW 17A, perking up (HN) p. 70, Aug 70 

Heath HW-17 modifications (HN) 

WA5PWX p. 66, Mar 71 

Heath HW-100, HW-101. grid-current 
monitor for 

K4MFR p. 46, Feb 73 

Heath HW 100 incremental tuning (HN) 

K1GUU p. 67, Jun 69 


p. 67, Jan 71 
p. 43, Apr 76 


p. 42, Apr 70 
p. 76, Sep 70 


p. 8, Dec 75 
p. 85, Oct 76 


p. 94, Oct 78 


p. 67, Mar 71 
p, 82, May 75 


p. 79, Jan 77 


p. 6, Aug 72 
p. 74, Sep 74 


p. 60, Dec 74 
p. 63, Sep 71 


p 57, Dec 73 


p. 88, Jul 77 


p. 54, Mar 73 
p. 58, Dec 73 


p. 66, Mar 71 


Heath HW-100 tuning knob, loose (HN) 

VE3EPY p. 68, Jun 71 

Heath HW-101, using with a separate 
receiver (HN) 

WA1MKP p. 63, Oct 73 

Heath HW-202, adding private-line 

WA8AWJ p 53, Jun 74 

Heath HW 202, another look at the fm 
channel scanner for 

K7PYS p. 68, Mar 76 

Heath HW-202 lamp replacement (HN) 

W5UNF p. 83, Sep 76 

Heath HW2036; Lever action switch 
illumination (HN) 

W2IFR p. 99, Jul 78 

Heath HW2036, outboard LED frequency display 
WB8TJL p. 50, Jul 78 

Heath HWA-2036-3 crowbar circuit (HN) 

W3HCE p. 88, Nov 78 

Heath IM-11 vtvm, convert to 1C voltmeter 

K6VCI p 42, Dec 74 

Heath intrusion alarm (HN) 

Rossman p. 81, Jun 77 

Heath Micoder improvements 

WIOLP P 42, Nov 78 

Heath Micoder matching (letter) 

WB8VUN p 8, Sep 78 

Heath SB-100, using an outboard receiver 
with (HN) 

K4GMR p 68, Feb 70 

Heath SB-102 headphone operation (HN) 

K1KXA p. 87, Oct 77 

Heath SB102 modifications (HN) 

W2CNQ p. 58. Jun 75 

Heath SB 102 modifications (HN) 

W2CNQ P 79, Mar 77 

Heath SB 102 modifications (HN) 

W2CNQ p 78, Mar 77 

Heath SB-102 modifications (letter) 

W1JE P- 110, Mar 78 

Heath SB-102, rf speech processor for 

W6IVI P 38, Jun 75 

Heath SB-102, receiver incremental 
tuning for (HN) 

K1KXA p. 81, Aug 76 

Heath SB-102, WWV on (HN) 

K1KXA p. 78, Jan 77 

Heath SB-200 amplifier, modifying for the 
8873 zero-bias triode 

W6UOV p. 32, Jan 71 

Heath SB-200 amplifier, six-meter conversion 
K1RAK p. 38, Nov 71 

Heath SB200 CW modification 

K6YB P 99, Nov 77 

Heath SB-303, 10 MHz coverage for (HN) 

W1JE P- 61, Feb 74 

Heath SB-400 and SB-401, improving ale 

response in (HN) 

WA9FDQ p 71, Jan 70 

Heath SB 610 as RTTY monitor scope (HN) 

K9HVW p 70, Sep 74 

Heath SB-650 using with other receivers 

K2BYM p. 40, Jun 73 

Heath SB receivers, RTTY reception with (HN) 
K9HVW p. 64, Oct 71 

Heath SB series crystal control and 
narrow shift RTTY with (HN) 

WA4VYL p 54, Jun 73 

Heathkit SB-series equipment, heterodyne 
crystal switching (HN) 

K1KXA p. 78, Mar 77 

Heath ten-minute timer 

K6KA p. 75, Dec 71 

Heathkit Sixer, spot switch (HN) 

WA6FNR p 84, Dec 69 

Heathkit, noise limiter for (HN) 

W7CKH p. 67, Mar 71 

Heathkit HW202, fm channel scanner for 

W7BZ p 41, Feb 75 

Henry 2K4 and 3KA linears, electronic 
bias switching 

W1CBY p. 75, Aug 78 

Hy-Gain 400 rotator, improved indicator 
system for 

W4PSJ p- 60, May 78 

HP-35 calculator, keyboard cleaning (HN) 

Anderson, Leonard H. p. 40, Jul 78 

ICOM 22A wiring change (HN) 

K1KXA p. 73, Feb 77 

Icom IC-230, adding splinter channels (HN) 

WAIOJX p. 82, Sep 76 

ICs, drilling template for (HN) 

WA4WDL, WB4LJM p 78, Mar 77 

Kenwood TR7500, preprogramming (HN) 

W9KNI p. 95, Oct 78 

Kenwood TS-520 CW filter modification (HN) 

W7ZZ p 21, Nov 75 

Kenwood TS-520, TVI cure for (HN) 

W3FUN p. 78, Jan 77 

Knight-kit inverter/charger review 

W1DTY p. 64, Apr 69 

Knight-kit two-meter transceiver 

W1DTY p. 62, Jun 70 

Measurements Corporation 59 grid-dip 
oscillator improvements 

W6GXN p. 82, Nov 78 

Micro Mart RM terminal modification (HN) 

WA5VQK p. 99. Jun 78 


Mini-mitter Ij 

W6SLQ p. 72, Dec 71 

Mini-mitter It modifications (HN) 

K1ETD p. 64, Apr 76 

Motorola channel elements 

WB4NEX p. 32, Dec 72 

Motorola Dispatcher, converting to 12 volts 

WB6HXU p. 26, Jul 72 

Short circuit P- 64, Mar 74 

Motorola fm receiver mods (HN) 

VE4RE p. 60, Aug 71 

Motorola P-33 series, improving 

WB2AEB p. 34, Feb 71 

Motorola receivers, op-amp relay for 

W6GDO p. 16, Jul 73 

Motorola voice commander, improving 

W0DKU p. 70, Oct 70 

Motrac Receivers (letter) 

K5ZBA p. 69. Jul 71 

National NCL-2000, using the Drake T-4XC (HN) 
K5ER p. 94, Jan 78 

Regency HR transceivers, signal-peaking 
indicator and generator for (HN) 

W8HVG p. 68. Jun 76 

Regency HR 2, narrowbanding 

WA8TMP P 44, Dec 73 

Regency HR-212, channel scanner for 

WA0SJK p. 28, Mar 75 

R-392 receiver mods (HN) 

KH6FOX p. 65, Apr 76 

SBE linear implfier tips (HN) 

WA6DCW p. 71, Mar 69 

SB301/401, Improved sidetone operation 

W1WLZ p. 73, Oct 69 

Signal One review 

WIN LB p. 56, May 69 

Spurious causes (HN) 

K6KA p. 66, Jan 74 

Standard 826M, more power from (HN) 

WB6KVF p. 68, Apr 75 

Swan television interference: an 
effective remedy 

W20UX p. 46, Apr 71 

Swan 160X birdte suppression (HN) 

W6SAI p. 36, Oct 78 

Swan 250 Carrier suppression (HN) 

WB8LGA p. 79, Oct 76 

Swan 350 CW monitor (HN) 

K1KXA p. 63, Jun 72 

Correction (letter) p. 77, May 73 

Swan 350, receiver incremental tuning (HN) 
K1KXA p. 64, Jul 71 

Swan 350 and 400, RTTY operation (HN) 

WB2MIC p. 67, Aug 69 

Swan 250, update your (HN) 

K8ZHZ p. 84, Dec 69 

Telefax transceiver conversion 

K0QMR p. 16, Apr 74 

Ten Tec Argonaut, accessory package for 

W7BBX p. 26, Apr 74 

Ten-Tec KR 20 keyer, stabilization of (HN) 

W3CRG p. 69, Jul 76 

Ten-Tec RX10 communicators receiver 

W1NLB p. 63, Jun 71 

T150A frequency stability (HN) 

WB2MCP p. 70. Apr 69 

Yaesu sideband switching (HN) 

W2MUU p. 56, Dec 73 

Yaesu spurious signals (HN) 

K6KA p. 69, Dec 71 

Units affected (letter) p. 67, Oct 73 

Yaesu FT101 clarifier (letter) 

K1NUN p. 55, Nov 75 


p. 56, Dec 73 


p. 69, Dec 71 
p. 67, Oct 73 


p. 55, Nov 75 


construction 

techniques 

AC line cords (letter) 

W6EG p. 80, I 

Aluminum tubing, clamping (HN) 

WA9HUV p. 78, f 

Antenna insulators, homemade (HN) 

W7ZC p. 70, h 

APC trimmer, adding shaft to (HN) 

W1ETT p. 68, 

Blower to-chassis adapter (HN) 

K6JYO p. 73, I 

BNC connectors, mounting (HN) 

W9KXJ p. 70, 

Capacitors, custom, how to make 

WB0ESV p. 36, 

Capacitors, oil-filled (HN) 

W20LU p. 66, I 

Center insulator, dipole 

WA1ABP p. 69, f 

Circuit boards with terminal inserts (HN) 
W3KBM p. 61, I 

Coaxial cable connectors (HN) 

WA1ABP p. 71, I 

Coax connectors, repairing broken (HN) 
W0HKF p. 66, 

Coax relay coils, another use (HN) 

K0VQY p, 72, j 

Coils, self-supporting 

Anderson p. 42, 

Cold galvanizing compound (HN) 

W5UNF p. 70, i 


december 1978 133 



Color coding parts (HN) 


WA7BPO 

P- 

58, 

Feb 

72 

Component marking (HN) 

W1JE 

Drill guide (HN) 

P 

66, 

Nov 

71 

W5BVF 

(Drilling aluminum (HN) 

P 

68, 

Oct 

71 

W6IL 

Enclosures, homebrew custom 

P- 

67, 

Sep 

75 

W4YUU 

P 

. 50, Jul 

74 

Etch tank (HN) 

W3HUC 

Exploding diodes (HN) 

P- 

79, 

Jan 

77 

VE3FEZ 

P* 

57, 

Dec 

73 

Ferrite beads 

W5JJ 

Files, cleaning (HN) 

P- 

48, 

Oct 

70 

Walton 

Ferrite beads, how to use 

P 

66, 

Jun 

74 

KIORV 

P- 

34, 

Mar 

73 

Grounding (HN) 

W9KXJ 

Heat sinks, homemade (HN) 

P- 

67, 

Jun 

69 

WA0WOZ 

Homebrew art 

P- 

69, 

Sep 

70 

W0PEM 

Hot etching (HN) 

P- 

56, 

Jun 

69 

K8EKG 

P- 

66, 

Jan 

73 

Hot wire stripper (HN) 

W8DWT 

1C holders (HN) 

P- 

67, 

Nov 

71 

W3HUC 

P- 

80, 

Aug 

76 

1C lead former (HN) 

W5ICV 

Indicator circuit, LED 

P- 

67, 

Jan 

74 

WB6AFT 

Inductance, toroidal coil (HN) 

P- 

60, 

Apr 

77 

W3WLX 

P- 

26, 

Sep 

75 

Inductors, graphical aid for winding 




W7POG 

P- 

41, 

Apr 

77 

Magnetic fields and the 7360 (HN) 




W7DI 

P- 

66, Sep 

73 

Metric conversions for screw and wire si 2 es 


W1DTY 

P 

67, 

Sep 

75 

Microcircuits, visual aids for working on 



K9SRL 

Miniature sockets (HN) 

P 

. 90. 

Jul 

78 

Lawyer 

P- 

84, 

Dec 

69 

Minibox, cutting down to size (HN) 




W20UX 

P 

57, 

Mar 

74 

Mobile installation, putting together 




W0FCH 

Mobile mount bracket (HN) 

P 

36, 

Aug 

69 

W4NJF 

Modular converter, 144-MHz 

P- 

70, 

Feb 

70 

W6UOV 

Neutralizing tip (HN) 

P- 

64, 

Oct 

70 

ZE6JP 

Noisy fans (HN) 

P- 

69, 

Dec 

72 

W8IUF 

P- 

70, 

Nov 

72 

Correction (letter) 

P- 

67, 

Oct 

73 

Nuvistor heat sinks (HN) 
WA0KKC 

Parasitic suppressor (HN) 

P- 

57, 

Dec 

73 

WA9JMY 

P- 

80, 

Apr 

70 

Printed-circuit boards, cleaning (HN) 




W5BVF 

P 

66, 

Mar 

71 

Printed-circuit boards, how to clean 




K2PMA 

P- 

56, 

Sep 

76 

Printed-circuit boards, how to make 




K4EEU 

P- 

58, 

Apr 

73 

Printed-circuit boards, low-cost 
W6CMQ 

Printed-circuit boards, low-cost 

P- 

44, 

Aug 

71 

W8YFB 

Printed-circuit boards, practical 

P- 

16, 

Jan 

75 

photofabrication of 
Hutchinson 

P 

- 6, 

Sep 

71 

Printed-circuit labels (HN) 





WA4WDK 

P- 

76, 

Oct 

70 

PC layout using longhand 
WB9QZE 

Printed-circuit standards (HN) 

P- 

26, 

Nov 

78 

W6JVE 

Printed-circuit tool (HN) 

P- 

58, 

Apr 

74 

W2GZ 

P- 

74, 

May 

73 

Printed-circuits, simple method 

for (HN) 



W4MTD 

Printed circuits without printing 

P- 

51, 

Apr 

78 

W4ZG 

P- 

62, 

Nov 

70 

Rack construction, a new approach 




K1EUJ 

Rectifier terminal strip (HN) 

P 

36, 

Mar 

70 

W5PKK 

P- 

80, 

Apr 

70 

Rejuvenating transmitting tubes with 




Thoriated-tungsten filaments (HN) 




W6NIF 

Restoring panel iettering (HN) 

P 

80, 

Aug 

78 

W8CL 

P 

69, 

Jan 

73 

Screwdriver, adjustment (HN) 
WA0KGS 

Silver plating (letters) 

P- 

66, 

Jan 

71 

WA0AGD 

Silver plating made easy 

P 

94, 

Nov 

77 

WA9HUV 

Soldering aluminum (HN) 

P- 

42, 

Feb 

77 

ZE6JP 

P 

67, 

May 

72 
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Soldering tip (HN) 

Lawyer p. 68, Feb 70 

Soldering tip cleaner (HN) 

W3HUC p. 79, Oct 76 

Soldering tips 

WA4MTH p. 15, May 76 

Thumbwheel switch modification (HN) 

VE3DGX p. 56, Mar 74 

Toroids, plug-in (HN) 

K8EEG p. 60, Jan 72 

Transfer letters (HN) 

WA2TGL p. 78, Oct 76 

Transformers, repairing 

W6NIF p. 66, Mar 69 

Trimmers (HN) 

W5LHG p. 76, Nov 69 

Uhf coax connectors (HN) 

W0LCP p. 70, Sep 72 

Uhf hardware (HN) 

W6CMQ p. 76, Oct 70 

Underwriter’s Knot (HN) 

W1DTY p. 69, May 69 

Vectorbord tool (HN) 

WA1KWJ p. 70. Apr 72 

Volume controls, noisy, temporary fix (HN) 

W9JUV p. 62, Aug 74 

Watercooling the 2C39 

K6MYC p. 30, Jun 69 

Wire-wound potentiometer repair (HN) 

W4ATE p. 77. Feb 78 

Wiring and grounding 

W1EZT p. 44, Jun 69 

Workbench, electronic 

W1EZT p. 50, Oct 70 


features and fiction 

Alarm, burglar-proof (HN) 

Eisenbrandt p. 56, Dec 75 

Binding 1970 issues of ham radio (HN) 

W1DHZ p. 72, Feb 71 

Brass pounding on wheels 

K6QD p. 58. Mar 75 

Catalina wireless, 1902 

W6BLZ p. 32, Apr 70 

Fire protection in the ham shack 

Darr p. 54, Jan 71 

First wireless in Alaska 

W6BLZ p. 48, Apr 73 

Ham Radio sweepstakes winners, 1972 
W1NLB p. 58, Jul 72 

Ham Radio sweepstakes winners, 1973 

W1NLB p. 68. Jul 73 

Ham Radio sweepstakes winners, 1975 

W1NLB p. 54, Jul 75 

Nostalgia with a vengeance 

W6HDM p. 28, Apr 72 

Photographic illustrations 

WA4GNW p. 72, Dec 69 

Reminisces of old time radio 

K4NW p. 40, Apr 71 

Ten commandments for technicians 

p. 58, Oct 76 

Use your old magazines 

Foster p. 52, Jan 70 

Wireless Point Loma 

W6BLZ p. 54, Apr 69 

1929 1941, the Golden years of amateur radio 
W6SAI p. 34, Apr 76 

1979 world administrative radio conference 
W6APW p. 48, Feb 76 


fm and repeaters 

Antenna and control-link calculations 
for repeater licensing 

W7PUG p. 58, Nov 73 

Short circuit p. 59, Dec 73 

Antennas, simple, for two-meter fm 

WA3NFW p. 30, May 73 

Antenna, two-meter fm (HN) 

WB6KYE p. 64, May 71 

Antenna, % -wavelength, two-meter 

K6KLO p. 40, Jul 74 

Antenna, % wavelength two-meter, 
build from CB mobile whips (HN) 

WB4WSU p. 67, Jun 74 

Automatically controlled access 
to open repeaters 

W8GRG p. 22, Mar 74 

Autopatch system for vhf fm repeaters 

W8GRG p. 32, Jul 74 

Base station, two-meter fm 

W9JTQ p. 22, Aug 73 

Carrier-operated retay 

K0PHF, WA0UZO p. 58, Nov 72 

Carrier-operated relay and call monitor 

VE4RE p. 22, Jun 71 

Cavity filter, 144-MHz 

W1SNN p. 22, Dec 73 

Channel scanner 

W2FPP p. 29, Aug 71 

Channels, three from two (HN) 

VE7ABK p. 68, Jun 71 

Charger, fet-controlled for nicad batteries 

WA0JYK p. 46, Aug 75 


Collinear antenna for two meters, nine- 
element 

W6RJO p. 12, May 72 

Collinear array for two meters, 4-element 

WB6KGF p. 6, May 71 

Command function debugging circuit 

WA7HFY p. 84, Jun 78 

Continuous tuning for fm converters (HN) 

W1DHZ p. 54, Dec 70 

Control head, customizing 

VE7ABK p. 28, Apr 71 

Converting low-band mobile antenna 
to 144 MHz (HN) 

K7ARR p. 90, May 77 

Decoder, control function 

WA9FTH p. 66, Mar 77 

Detectors, fm, survey of 

W6GXN p. 22, Jun 76 

Deviation measurement (letter) 

K5ZBA p. 68, May 71 

Deviation measurements 

W3FQJ p. 52, Feb 72 

Deviation meter (HN) 

VE7ABK p. 58, Dec 70 

Oigital scanner for 2-meter synthesizers 

K4GOK p. 56, Feb 78 

Digital touch-tone encoder for vhf fm 

W7FBB p. 28, Apr 75 

Discriminator, quartz crystal 

WA0JYK p. 67, Oct 75 

Distortion in tm systems 

W5JJ p. 26, Aug 69 

Encoder, combined digital and burst 

K8AUH p. 48, Aug 69 

European vhf-fm repeaters 

SM4GL p. 80, Sep 76 

Filter, 455-kHz for fm 

WA0JYK p. 22, Mar 72 

Fm demodulator using the phase-locked loop 
KL7IPS p. 74, Sep 78 

Fm demodulator, TTL 

W3FQJ p. 66, Nov 72 

Fm receiver frequency control (letter) 

W3AFN p. 65, Apr 71 

Fm techniques and practices for vhf amateurs 
W6SAI p. 8, Sep 69 

Short circuit p. 79, Jun 70 

Fm transmitter, solid-state two-meter 

W6AJF p. 14. Jul 71 

Fm transmitter, Sonobaby, 2 meter 

WA0UZO p. 8. Oct 71 

Short Circuit p. 96, Dec 71 

Crystal deck for Sonobaby p, 26, Oct 72 

Frequency meter, two-meter fm 

W4JAZ p. 40, Jan 71 

Short circuit p. 72, Apr 71 

Frequency synthesizer, inexpensive 
all-channel, for two-meter fm 
W0OA p. 50, Aug 73 

Correction (letter) p. 65, Jun 74 

Freq uency-synthesizer, one-crysta I 
for two-meter fm 

W0MV p. 30, Sep 73 

Frequency synthesizer, for two-meter fm 

WB4FPK p. 34, Jul 73 

Frequency synthesizer sidebands, 
filter reduces (HN) 

K1PCT p. 80, Jun 77 

Frequency synthesizers, 600 kHz offset for (HN) 
K6KLO p. 96, Jul 78 

High performance chf fm transmitter 

WA2GCF p. 10, Aug 76 

IC-230 modification (HN) 

W8PEY p. 80, Mar 77 

Identifier, programmable repeater 

W6AYZ p, 18, Apr 69 

Short circuit p. 76, Jul 69 

I f system, multimode 

WA21KL p. 39, Sep 71 

Indicator, sensitive rf 

WB9DNI p. 38, Apr 73 

Interface problems, fm equipment (HN) 

W9DPY p. 58, Jun 75 

Interference, scanning receiver (HN) 

K2YAH p, 70, Sep 72 

Logic oscillator for multi-channel 
crystal control 

W1SNN p. 46, Jun 73 

Magnet mount antenna, portable (HN) 

WB2YYU p. 67, May 76 

Mobile antenna, magnet mount 

W1HCI p. 54, Sep 75 

Mobile antennas, vhf, comparison of 

W4MNW p. 52, May 77 

Mobile operation with the Touch-Tone pad 

W0LPQ p. 58, Aug 72 

Correction p. 90, Dec 72 

Modification (letter) p. 72, Apr 73 

Mobile rig, protecting from theft (C&T) 

W1DTY p. 42, Apr 76 

Modulation standards for vhf fm 

W6TEE p. 16, Jun 70 

Monitor receivers, two-meter fm 

WB5EMI p. 34, Apr 74 

Motorola channel elements 

WB4NEX p. 32, Dec 72 

Motorola fm receiver mods (HN) 

VE4RE p. 60, Aug 71 



Motorola P-33 series, improving the 

WB2AEB p. 34, Feb 71 

Motorola voice commander, improving 

W0DKU p. 70, Oct 70 

Motrac Receivers (letter) 

K5ZBA p. 69, Jul 71 

Multimode transceivers, fm-tng on uhf (HN) 
W6SAI p. 98, Nov 77 

Phase locked loop, tunable, 28 and 
50 MHz 

W1KNI p. 40, Jan 73 

Phase modulation principles and techniques 
VE2BEN p. 28, Jul 75 

Correction p. 59, Dec 75 

Power amplifier, rf 220-MHz fm 

K7JUE p. 6, Sep 73 

Power amplifier, rf, 144 MHz 

Hatchett p. 6, Dec 73 

Power amplifier, rf, 144-MHz fm 

W4CGC p. 6, Apr 73 

Power amplifier, two-meter fm, 10-watt 

W1DTY p. 67, Jan 74 

Power supply, regulated ac for mobile 
fm equipment 

WA8TMP p. 28, Jun 73 

Preamplifier for handitalkies 

WBZIFV p. 89, Oct 78 

Preamplifier, two-meter 

WA2GCF P- 25. Mar 72 

Preamplifier, two meter 

W8BBB P- 36, Jun 74 

Private call system for vhf fm 

WA6TTY p. 62, Sep 77 

Private call system for vhf fm (HN) 

W9ZTK P- 77, Feb 78 

Private-line, adding to Heath HW-202 

WA8AWJ p. 53, Jun 74 

Push-to-telk for Styleline telephones 

W1DRP p, 18. Dec 71 

Receiver alignment techniques, vhf fm 

K4IPV P- 14, Aug 75 

Receiver for six and two meters, 
multichannel fm 

W1SNN p. 54, Feb 74 

Receiver for two meter, fm 

W9SEK p. 22, Sep 70 

Short circuit p. 72, Apr 71 

Receiver isolation, fm repeater (HN) 

W1DTY P. 54, Dec 70 

Receiver, modular fm communications 

K8AUH p. 32, Jun 69 

Correction P- 71, Jan 70 

Receiver, modular, for two-meter fm 

WA2GBF P- 42, Feb 72 

Added notes p. 73, Jul 72 

Receiver performance, comparison of 

VE7ABK P- 68. Aug 72 

Receiver performance of vacuum-tube vhf-fm 
equipment, how to improve 
W6GGV p. 52, Oct 76 

Receiver, tunable vhf fm 

K8AUH p. 34, Nov 71 

Receiver, vhf fm 

WA2GCF p. 6, Nov 72 

Receiver, vhf fm 

WA2GCF p. 8, Nov 75 

Receiver, vhf fm (letter) 

K8IHQ p. 76, May 73 

Receivers, setup using hf harmonics (HN) 

K9MM p. 89, Nov 78 

Relay, operational-amplifier, for 
Motorola receivers 

W6GDO p. 16, Jul 73 

Remote base, an alternative to repeaters 

WA6LBV, WA6FVC p. 32, Apr 77 

Repeater channel spacing (letter) 

WB6JPI p. 90, Jan 78 

Repeater control with simple timers 

W2FPP p. 46, Sep 72 

Correction p. 91, Dec 72 

Repeater decoder, multi-function 

WA6TBC p. 24, Jan 73 

Repeater installation 

W2FPP p. 24, Jun 73 

Repeater jammers, tracking down 
W4MB p. 56, Sep 78 

Repeater kerchunk eliminator 

WB6GTM p. 70, Oct 77 

Repeater linking, carrier-operated relay for 

K0PHF P- 57. Jul 76 

Repeater problems 

VE7ABK p. 38, Mar 71 

Repeater, receiving system degradation 

K5ZBA p. 36, May 69 

Repeater transmitter, improving 

W6GDO p. 24, Oct 69 

Repeater shack temperature, remote checking 

ZL2AMJ p. 84, Sep 77 

Repeaters, single-frequency fm 

W2FPP p. 40, Nov 73 

Reset timer, automatic 

W5ZHV p. 54, Oct 74 

Satellite receivers for repeaters 

WA4YAK p. 64, Oct 75 

Scanner, two-channel, for repeater monitoring 
W8GRG p, 48, Oct 76 


Scanner, vhf receiver 

K2LZG p. 22. Feb 73 

Scanning receiver, improved 
lor vhf fm 

WA2GCF p. 26. Nov 74 

Scanning receiver modifications, vhf fm 

WA5WOU p. 60, Feb 74 

Scanning receivers for two-meter fm 

K4IPV p. 28, Aug 74 

Sequential encoder, mobile fm 

W3JJU p. 34, Sep 71 

Sequential switching for Touch-Tone 

repeater control 

W8GRG p. 22, Jun 71 

Repeater interference: some corrective actions 
W4MB p. 54, Apr 78 

Simple scope monitor far vhf fm 

W1RHN p. 66. Auc 78 

Single-frequency conversion, vhf/uhf 

W3FQJ p. 62, Apr 75 

Single-sideband fm. introduction to 

W3EJD p. 10, Jan 77 

Single tone decoder 

WA2UMY p. 70, Aug 78 

S-meter, audible, for repeaters 

ZL2AMJ p. 49, Mar 77 

S-meter for Clegg 27B (HN) 

WA2YUD p. 61, Nov 74 

Solar powered repeater design 

WB5REA/WB5RSN p. 28, Dec 78 

Squelch audio amplifier for 
fm receivers 

WB4WSU p. 68, Sep 74 

Squelch circuit, another (HN) 

WB4WSU P . 78, Oct 76 

Squelch circuits for transistor radios 

WB4WSU p. 36, Dec 75 

Subaudible tone encoders and decoders 

W8GRG p. 26, Jul 78 

Synthesized channel scanning 

WA0UZO p. 68. Mar 77 

Synthesized two-meter fm transceiver 

W1CMR, K1IJ2 p. 10, Jan 76 

Letter, W5GQV p, 78, Sep 76 

Telephone controller, automatic 
for your repeater 

K0PHF, WA0UZO p. 44, Nov 74 

Telephone controller for remote repeater 
operation 

K0PHF, WA0UZO p. 50, Jan 76 

Precautions (letters) p. 79, Apr 77 

Test set for Motorola radios 

K0BKD p. 12, Nov 73 

Short circuit p. 58, Dec 73 

Added note (letter) p, 64, Jun 74 

Time out warning indicator for fm repeater users 
K3NEZ p. 62, Jun 76 

Timer, simple (HN) 

W3CIX p. 58, Mar 73 

Tone-alert decoder 

W8ZXH p. 64, Nov 78 

Tone-burst generator (HN) 

K4COF p, 58, Mar 73 


Up/down repeater-mode circuit for 
two-meter synthesizers, 600 kHz 
WB4PHO p. 40, Jan 77 

Short circuit P 94, May 77 

Vertical antennas, truth about %-wavelength 
K0DOK p. 48, May 74 

Added note (letter) p. 54, Jan 75 

Weather monitor receiver, retune to 
two-meter fm (HN) 

W3WTO p. 56, Jan 75 

Whip. 5/8-wave, 144 MHz (HN) 

VE3DDD p. 70, Apr 73 

144-MHz digital synthesizers, readout display 
WB4TZE p. 47. Jul 76 

144-MHz fm exciter, high performance 

WA2GCF p. 10, Aug 76 

144-MHz mobile antenna (HN) 

W2EUQ p. 80, Mar 77 

144-MHz vertical mobile antennas, Vi and 
Vs wavelength, test data an 
W2LTJ, W2CQH p. 46, May 76 

144-MHz, Va-waveiength vertical antenna 

W1RHN p. 50, Mar 76 

144-MHz, 5 /a-wavelength, vertical antenna 
for mobile 

K4LPQ p. 42, May 76 

144-MHz synthesizer, direct output 

WB2CPA p. 10, Aug 77 

144-MHz synthesizer, direct output (letter) 

WB6JPI p. 90. Jan 78 

220 MHz frequency synthesizer 

W6GXN p. 8. Dec 74 

450-MHz preamplifier and converter 

WA2GCF p. 40, Jul 75 

integrated circuits 

Active filters 

K6JM p. 70, Feb 78 

Amplifiers, broadband 1C 

W6GXN p. 36, Jun 73 

Applications, potpourri of 1C 

W10TY, Thorpe p. 8, May 69 

Audio-power ICs 

W3FQJ p. 64, Jan 76 

Balanced modulator, an integrated-circuit 

K7QWR p, 6, Sep 70 

Cmos logic circuits 

W3FQJ p 50. Jun 75 

CMOS programmable divide by N counter (HN) 
W7BZ 

Counter gating sources 
K6KA 

Counter reset generator (HN) 

W3KBM 


C L logic Circuit 
W1DTY 

Digital counters (letter) 
W1GGN 

Digital ICs, part I 
W3FQJ 

Digital ICs, part II 
W3FQJ 
Correction 


p. 94, Jan 78 

p. 48, Nov 70 

p. 68, Jan 73 

p. 4, Mar 75 

p. 76, May 73 

p. 41, Mar 72 

p. 58, Apr 72 
p. 66, Nov 72 


Tone-burst generator for repeater accessing 


Digital mixers 





WA5KPG 

p, 68, Sep 

77 

WB8IFM 

P- 

42, 

Dec 

73 

Tone-burst keyer for fm repeaters 



Digital multivibrators 





W8GRG 

p. 36, Jan 

72 

W3FQJ 

P- 

42, 

Jun 

72 

Tone encoder and secondary frequency 


Digital oscillators and dividers 





oscillator (HN) 



W3FQJ 

P- 

62, 

Aug 72 

K8AUH 

p. 66, Jun 

69 

Digital readout station accessory, part 1 



Tone encoder, universal for vhf fm 



K6KA 

P 

• 6, 

Feb 

72 

W6FUB 

p. 17, Jul 

75 

Digital station accessory, part II 





Correction 

p. 58, Dec 

75 

K6KA 

P- 

50, 

Mar 

72 

Tone generator, 1C 



Digital station accessory, part III 





Ahrens 

p. 70, Feb 

77 

K6KA 

P- 

36, 

Apr 

72 

Touch-tone circuit, mobile 



Divide-by-n counters, high-speed 





K7QWR 

p. 50, Mar 

73 

WIOOP 

P* 

36, 

Mar 

76 

Touch-Tone decoder, 1C 



Electronic counter dials, 1C 





W3QG 

p. 26, Jul 

78 

K6KA 

P- 

44. 

Sep 

70 

Touch-tone decoder, multi-function 



Electronic keyer, cosmos 1C 





K0PHF, WA0UZO 

p. 14, Oct 

73 

WB2DFA 

P 

- 6, 

Jun 

74 

Touch-tone decoder, three-digit 



Short Circuit 

P- 

62, 

Dec 

74 

W6AYZ 

p. 37, Dec 

74 

Emitter-coupled logic 





Circuit board for 

p. 62, Sep 

75 

W3FQJ 

P- 

62, 

Sep 72 

Touch-Tone encoder 



Flip-flops 





W3HB 

p. 41, Aug 

77 

W3FQJ 

P- 

60, 

Jul 

72 

Touch-tone, hand-held 



Flop-flip, using (HN) 





K7YAM 

p. 44, Sep 

75 

W3KBM 

P- 

60. 

Feb 

72 

Touch-tone handset, converting slim-line 


Function generator, 1C 





K2YAH 

p. 23, Jun 

75 

W1DTY 

P- 

40, 

Aug 

71 

Transceiver for two-meter fm, compact 


Function generator, 1C 





W6AOI 

p. 36, Jan 

74 

K4DHC 

P- 

22, 

Jun 

74 

Transmitter for two meters, phase-modulated 


Gain control 1C for audio signal processing 


W6AJF 

p. 18, Feb 

70 

Jung 

P- 

47, 

, Jul 

77 

Transmitter, two meter fm 



1C arrays 





W9 SEK 

p. 6, Apr 

72 

K6JM 

P- 

42, 

Sep 

78 

Tunable receiver modification 



1C op amp update 





for vhf fm 



Jung, Walter 

P- 

62, 

Mar 

78 

WB6VKY 

p. 40, Oct 

74 

1C power (HN) 





Two-meter synthesizer, direct output 


W3KBM 

P- 

68, 

Apr 

72 

WB2CPA 

p. 10, Aug 

77 

1C tester, TTL 





Short circuit 

p. 68, Dec 

77 

WA4LCO 

P- 

66, 

Aug 

76 

144-MHz synthesizer, direct output 


Integrated circuits, part 1 





WB2CPA 

p. 10, Aug 

77 

W3FQJ 

P- 

40, 

Jun 

71 

144-MHz synthesizer, direct output (letter) 


Integrated circuits, part 11 





WB6JPI 

p. 90, Jan 

78 

W3FQJ 

P- 

58, 

, Jul 

71 
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W3FQJ 

P- 

50, Aug 

71 

1 L logic circuits 

WIDTY 

P 

. 4, 

Nov 

75 

Logic families, 1C 

W6GXN 

P 

26, 

Jan 

74 

Logic monitor (HN) 

WA5SAF 

P- 

70, 

Apr 

72 

Correction 

P- 

91, 

Dec 

72 

Logic test probe 

VE6RF 

P- 

53, 

Dec 

73 

Logic test probe (HN) 

Rossman 

P- 

56, 

Feb 

73 

Short circuit 

P- 

58, 

Dec 

73 

Low-cost linear ICs 

WA7KRE 

P- 

20. 

Oct 

69 

Missent ID 

K6KA 

P- 

25, 

Apr 

76 

Modular modulos 

W9SEK 

P- 

63, 

Aug 

70 

Multi-function integrated circuits 
W3FQJ 

P- 

46, 

Oct 

72 

National LM373, using in ssb transceiver 
W5BAA p. 32, 

Nov 

73 

Op amp challenges the 741 
WA5SNZ 

P- 

76, 

Jan 

78 

Op amp (741) circuit design 
WA5SNZ 

P 

26, 

Apr 

76 

Operational amplifiers 

WB2EGZ 

P 

. 6. 

Nov 

69 

Phase-locked loops, 1C 

W3FQJ 

P- 

54, Sep 

71 

Phase-locked loops, 1C, experiments with 
W3FQJ p. 58, 

Oct 

71 

Plessey SL600-series ICs, how to 
G8FNT 

use 

P- 

26, 

Feb 

73 

Removing ICs (HN) 

W6NIF 

P- 

71, Aug 

70 

Seven-segment readouts, multiplexed 
W5NPD p. 

37, 

Ju) 

75 

Socket label for ICs (HN) 
WA4W0L, WB4LJM 

P- 

94, 

Jan 

78 

Ssb detector, 1C (HN) 

K40DS 

P- 

67, 

Dec 

72 

Correction (letter) 

P- 

72, 

Apr 

73 

Ssb equipment, using TTL ICs in 
G4ADJ 

P* 

18, 

Nov 

75 

Surplus ICs (HN) 

W4AYV 

P- 

68, 

Jul 

70 

Sync generator, 1C, for ATV 
W0KGI 

P- 

. 34, 

, Jul 

75 

Transceiver, 9-MHz ssb, 1C 

G3ZVC 

P- 

34, 

Aug 

74 

Circuit change (letter) 

P- 

62, 

Sep 

75 

TTL oscillator (HN) 

WB6VZM 

P- 

77, 

Feb 

78 

TTL sub-series ICs, how to select 
WA1SNG 

P- 

26, 

Dec 

77 

U/ART, how it works 

Titus 

P- 

58, 

Feb 

76 

Using ICs with single-polarity 
power supplies 

W2EEY 

P 

35, 

Sep 

69 

Using integrated circuits (HN) 
W9KXJ 

P 

69, 

May 

69 

Voltage regulators 

W6GXN 

P 

31, 

Mar 

77 

Voltage regulators, 1C 

W7FLC 

P* 

22, 

Oct 

70 

Voltage-regulator ICs, adjustable 
WB9KEY 

P 

36, 

Aug 

75 

Voltage-regulator ICs, three-terminal 
WB5EMI p. 

26, 

Dec 

73 

Added note (letter) 

P- 

73, 

Sep 

74 

Vtvm, convert to an tC voltmeter 
K6VCI 

P- 

42, 

Dec 

74 


keying and control 

Accu-Mitl, keyboard interface for the Accu-Keyer 
WN90VY p. 26, Sep 76 

ASCII-to-Morse dode translator 

Morley, Scharon p. 41, Dec 76 

Automatic beeper for station control 

WA6URN p. 38, Sep 76 

Break-in circuit, CW 

W8SYK p. 40, Jan 72 

Break-in control system, 1C (HN) 

W9ZTK p. 68, Sep 70 

Bug, solid-state 

K2FV p. 50, Jun 73 

Carrier-operated relay 

K0PHF, WA0UZO p. 58, Nov 72 

Cmos keying circuits (HN) 

WB2DFA p. 57. Jan 75 

Constant pitch monitor for cathode or grid-block 
keyed transmitters (HN) 

K4GMR p. 100, Sep 78 

Contest keyer (HN) 

K2UBC p, 79, Apr 70 

Contest keyer, programmable 

W7BBX p. 10, Apr 76 

CW reception, enhancing through a 
simulated-stereo technique 
WA1MKR p. 61, Oct 74 

CW regenerator for interference-free 
communications 

Leward, WB2EAX p. 54, Apr 74 


CW signal processor 

W7KGZ p. 34, Oct 78 

CW sidetone (C&T) 

W1DTY p 51, Jun 76 

Differential keying circuit 

W4IYB p. 60, Aug 76 

Electronic hand keyer 

K5TCK p. 36, Jun 71 

Electronic keyer 

OK3IA p. 10, Apr 78 

Electronic keyer, cosmos 1C 

WB2DFA p. 6, Jun 74 

Short circuit p. 62, Dec 74 

Electronic keyer, 1C 

VE7BFK p. 32, Nov 69 

Electronic keyer notes (HN) 

ZL1BN p. 74, Dec 71 

Electronic keyer package, compact 

W4ATE p. 50, Nov 73 

Electronic keyer with random-access memory 
WB9FHC p. 6, Oct 73 

Corrections (letter) p. 58, Dec 74 

p, 57, Jun 75 

Improvements (letter) p, 76, Feb 77 

Increased flexibility (HN; p. 62. Mar 75 

Electronic keyer, 8043 1C 

W6GXN p 8, Apr 75 

Electronic keyers, simple 1C 

WA5TRS p. 38, Mar 73 

Grid-block keying, simple (HN) 

WA4DHU p. 78, Apr 70 

Improving transmitter keying 

K6KA p. 44, Jun 76 

Key and vox clicks (HN) 

K6KA p. 74, Aug 72 

Keyboard electronic keyer, the code mill 

W6CAB p. 38, Nov 74 

Keying, paddle, Siamese 

WA5KPG p. 45, Jan 75 

Keyer modification (HN) 

W9KNI p. 80, Aug 76 

Comments p. 94, Nov 77 

Keyer mods, micro-TO 

DJ9RP p. 68, Jul 76 

Keyer paddle, portable 

WA5KPG p. 52, Feb 77 

Keving the Heath HG-10B vfo (HN) 

K4BRR p. 67, Sep 70 

Latch circuit, dc 

W0LPQ p. 42, Aug 75 

Correction p, 58, Dec 75 

Memo-key 

WA7SCB p. 58, Jun 72 

Memory accessory, programmable 
for electronic keyers 

WA9LUD p. 24, Aug 75 

Mini-paddle 

K6RIL p. 46, Feb 69 

Morse generator, keyboard 

W7CUU p. 36, Apr 75 

Morse sounder, radio controlled (HN) 

K6QEQ p. 66, Oct 71 

Oscillators, electronic keyer 

WA6JNJ p. 44, Jun 70 

Paddle, electronic keyer (HN) 

KL7EVD p, 68, Sep 72 

Paddle for electronic keyers 

ZS6AL p. 28, Apr 78 

Paddle, homebrew keyer 

W3NK p. 43, May 69 

Programmable accessory for electronic keyers 
(HN) 

K9WGN/W0SL p, 81, Aug 78 

Push-to-talk for Slyleline telephones 

WiDRP p. 18, Dec 71 

RAM keyer update 

K3NEZ p. 60, Jan 76 

Relay activator (HN) 

K6KA p. 62, Sep 71 

Relays, surplus (HN) 

W20LU p, 70, Jul 70 

Relay, transistor replaces (HN) 

W3NK p. 72, Jan 70 

Relays, undervoltage (HN) 

W20LU p. 64, Mar 71 

Remote keying your transmitter (HN) 

WA3HOU p. 74, Oct 69 

Reset timer, automatic 

W5ZHV p. 54, Oct 74 

Sequential switching (HN) 

W50SF p. 63, Oct 72 

Step-start circuit, high voltage (HN) 

W6VFR p, 64, Sep 71 

Suppression networks, arc (HN) 

WA5EKA p. 70, Jul 73 

Time base, calibrated electronic keyer 

W1PLJ p. 39, Aug 75 

Timer, ten-minute (HN) 

DJ9RP p, 66, Nov 76 

Transistor switching for 
electronic keyers (HN) 

W3QBO p. 66, Jun 74 

Transmit/receive switch PIN diode 

W9KHC p. 10, May 76 

Typewriter-type electronic keys, 
further automation for 

W6PRO p. 26, Mar 70 


Vox, 1C 
W2EEY 

Vox keying (HN) 
VE7IG 

Vox, versatile 
W9KIT 

Short circuit 


p. 50, Mar 69 

p. 83, Dec 69 

p. 50, Jul 71 
p. 96, Dec 71 


measurements and 
test equipment 

Absorption measurements, using your 
signal generator for 

W20UX p. 79, Oct 76 

Ac current monitor (letter) 

WB5MAP p. 61, Mar 75 

Ac power-line monitor 

W20LU p. 46, Aug 71 

AFSK generator, crystal-controlled 

K7BVT p. 13, Jul 72 

AFSK generator, phase-locked loop 

K7ZOF p, 27, Mar 73 

A-m modulation monitor, vhf (HN) 

K7UNL p. 67, Jul 71 

Antenna bridge calculations 

Anderson, Leonard H. p. 34, May 78 

Antenna bridge calculations (letter) 

W50JR p. 6, May 78 

Antenna gain, measuring 

K6JYO p. 26, Jul 69 

Antenna matcher 

W4SD P- 24, Jun 71 

Antenna and transmission line 
measurement techniques 

W40Q p. 36. May 74 

Automatic noise-figure measurements 
Repair Bench 

W6NB! p. 40, Aug 78 

Base step generator 

WB4YDZ p. 44, Jul 76 

Bridge for antenna measurements, simple 

W2CTK p. 34, Sep 70 

Bridge, noise, for impedance measurements 
YA1GJM p. 62, Jan 73 

Added notes p. 66, May 74; p, 60, Mar 75 

Bridge, rf noise 

WB2EGZ p. 18, Dec 70 

Calibrating ac scales on the vtvm, icvm 
and fet voltmeter 
W7KQ 

Calibrator, plugin 1C 
K6KA 

Capacitance meter 
Mathieson, P. H. 

Capacitance mel 
K4DHC 

Capacitance met 
ZL2AUE 

Capacitance met 
W6MUR 
Short circuit 
Capacitance met 
WA5SNZ 
Added note 
Capacitance met 
electrotytics 

W9DJZ p, 14, Oct 71 

Capacitance meter, simplified 

WA5SNZ p. 78, Nov 78 

Coaxial cable, checking (letter) 

W20LU p. 68, May 71 

Coaxial line loss, measuring with a 
reflectometer 

W2VCI p. 50. May 72 

Continuity bleeper for circuit tracing 

G3SBA p. 67, Jul 77 

Converter, mosfet, for receiver 
instrumentation 
WA9ZMT 

Counter, compact frequency 
K4EEU 
Short circuit 
Counter gating sources 
K6KA 

Counter readouts, switching (HN) 

K6KA p. 66, Jun 71 

Counter reset generator (HN) 

W3KBM p. 68, Jan 73 

Counters: a solution to the readout problem 
WA0GOZ p. 66, Jan 70 

CRT intensifier for RTTY 

K4VFA p. 18, Jul 71 

Crystal checker 

W6GXN p. 46. Feb 72 

Crystal test oscillator and signal 
generator 

K4EEU P- 46. Mar 73 

Crystal-controlled frequency markers (HN) 

WA4WDK p. 64, Sep 71 

Cubical quad measurements 

W4YM p. 42, Jan 69 

Decade standards, economical (HN) 

W4ATE p. 66, Jun 71 

Digital counters (letter) 

W1GGN p. 76, May 73 



p. 48, 

Sep 

76 

1C 

P- 22, 

Mar 

69 

1 . 

p. 51, 

Feb 

78 

, digital 

p- 20, 

Feb 

74 

, direct-reading 

P- 46, 

Apr 

70 

, direct reading 

P- 48, 

Aug 

72 


P- 64, 

Mar 

74 

, direct-reading 

P- 32, 

Apr 

75 


P- 31, 

Oct 

75 

, direct reading, 

for 




p, 62, Jan 71 


p. 16, Jul 70 
p. 72, Dec 70 


p. 48, Nov 70 
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Digital readout station accessory, part I 

K6KA p. 6, Feb 72 

Digital station accessory, part II 

K6KA p. 50, Mar 72 

Digital station accessory, part Ml 

K6KA p. 36, Apr 72 

Diode tester 

W6DOB p. 46, Jan 77 

Dummy load and rf wattmeter, low-power 

W20LU p. 56, Apr 70 

Dummy load low power vhf 

WB9DNI p. 40, Sep 73 

Dummy loads 

W4MB p. 40, Mar 76 

Dynamic transistor tester (HN) 

VE7ABK p. 65, Oct 71 

Electrolytic capacitors, measurement of (HN) 

W2NA p. 70, Feb 71 

Fm deviation measurement (letter) 

K5ZBA p. 68, May 71 

Fm deviation measurements 

W3FQJ p. 52, Feb 72 

Fm frequency meter, two-meter 

W4JAZ p. 40, Jan 71 

Short circuit p. 72, Apr 71 

Frequencies, counted (HN) 

K6KA p. 62, Aug 74 

Frequency calibrator, general coverage 

W5UQS p. 28, Dec 71 

Frequency calibrator, how to design 

W3AEX p. 54, Jul 71 

Frequency counter, modify for direct 
counting to 100 MHz 

WA1SNG p. 26. Feb 78 

Frequency counter, CMOS 

W20KO p. 22, Feb 77 

Short circuit p. 94, May 77 

Frequency counter, front-ends for a 500-MHz 
K4JIU p. 30, Feb 78 

Frequency counter, how to improve the 
accuracy of 

W1RF p. 26, Oct 77 

Frequency counter, high-impedance preamp 
and pulse shaper for 

I4YAF p. 47, Feb 78 

Frequency counter, simple (HN) 

W2QBR p, 81, Aug 78 

Frequency counter, simplifying 

W1WP p. 22, Feb 78 

Frequency counters, understanding and using 
W6NBI p. 10, Feb 78 

Frequency counters, high sensitivity 
preamplifier for 

W1CFI p. 80, Oct 78 

Frequency counter, 50 MHz, 6 digit 

WB2DFA p. 18, Jan 76 

Comment p. 79, Apr 77 

Frequency-marker standard using cmos 

W41YB p. 44, Aug 77 

Frequency measurement of received 
signals 

W4AAD p. 38, Oct 73 

Frequency measurement, vhf, with 
hf receiver and scaler (HN) 

W3LB p. 90, May 77 

Frequency meter, crystal controlled (HN) 

W5JSN p. 71, Sep 69 

Frequency scaler, divide-by-ten 

K4EEU p. 26, Aug 70 

Short circuit p. 72. Apr 71 

Frequency scaler, divide-by-ten 

W6PBC p. 41, Sep 72 

Correction p. 90, Dec 72 

Added comments (letter) p. 64, Nov 73 

Pre-scaler, improvements for 
W6PBC p, 30, Oct 73 

Frequency scaler, uhf (11C90) 

WB9KEY p. 50, Dec 75 

Frequency scaler, 500 MHz 

W6URH p. 32, Jun 75 

Frequency scalers, 1200-MHz 

WB9KEY p. 38, Feb 75 

Frequency-shift meter, RTTY 

VK3ZNV p . 33, Jun 70 

Frequency standard (HN) 

WA7JIK p. 69, Sep 72 

Frequency standard, universal 

K4EEU p. 40, Feb 74 

Short circuit p. 72, May 74 

Frequency synthesizer, high-frequency 

K2BLA p. 16, Oct 72 

Function generator, 1C 

W1DTY p. 40, Aug 71 

Function generator, 1C 

K4DHC p. 22, Jun 74 

Function/units indicator using LED displays 
K0FOP p. 58, Mar 77 

Gate-dip meter 

W3WLX p. 42, Jun 77 

Grid-dip meter, no-cost 

W8YFB p. 87, Feb 78 

Grid-dip oscillator, solid-state conversion of 

W6AJZ p. 20, Jun 70 

Harmonic generator (HN) 

W5GDQ p. 76. Oct 70 

l-f alignment generator 455-kHz 

WA5SNZ p. 50, Feb 74 

l*f sweep generator 

K4DHC p. 10, Sep 73 


p. 66, Jan 74 


p. 70, Apr 12 
p. 91, Dec 72 


p. 53, Dec 73 


p. 56, Feb 73 
p. 58, Dec 73 


p. 80, Sep 78 
p. 38, Dec 76 


p. 20, Jan 74 
p. 66. Jan 71 


Impedance bridge (HN) 

W6KZK p. 67, Feb 70 

Impedance bridge, low-cost RX 

W8YFB p. 6, May 73 

Impedance, measuring with swr bridge 

WB4KSS p. 46, May 75 

Impulse generator, pulse-snap diode 

Siegal, Turner p. 29, Oct 72 

Intermoduiation-distortion measurements 
on ssb transmitters 

W6VFR p. 34, Sep 74 

L, C, R bridge, universal 

W6AOI p. 54, Apr 76 

Linearity meter for ssb amplifiers 

W4MB p. 40, Jun 76 

Line voltage monitor (HN) 

WA8VFK p 66, Jan 74 

Current monitor mod (tetter) p. 61, Mar 75 

Logic monitor (HN) 

WA5SAF p. 70, Apr 12 

Correction p. 91, Dec 72 

Logic test probe 

VE6RF p. 53, Dec 73 

Logic test probe (HN) 

Rossman p. 56, Feb 73 

Short circuit p. 58, Dec 73 

Meter amplifiers, calibrating 

W40HT p 80, Sep 78 

Meter amplifier, electronic 

WA9HUV p. 38, Dec 76 

Meter interface, high-impedance 

Laughlin p. 20, Jan 74 

Meters, testing unknown (HN) 

WIONC p. 66. Jan 71 

Microwave marker generator, 3cm band (HN) 
WA4WDL p. 69, Jun 76 

Milliammeters, how to use 

W4PSJ p 48, Sep 75 

Monitorscope, miniature 

WA3FIY p. 34, Mar 69 

Monitorscope. RTTY 

W3CIX p. 36, Aug 72 

Multi-box (HN) 

W3KBM p. 68, Jul 69 

Multiple xed counter displays (HN) 

K1XX p. 87, May 78 

Multitester (HN) 

W1DTY p. 63, May 71 

Noise bridge, antenna (HN) 

K8EEG p. 71, May 74 

Noise bridge calculations with 
Tl 58/59 calculators 

WD4GRI p. 45, May 78 

Noise-figure measurements for vhf 

WB6NMT p 36, Jun 72 

Noise figure, vhf, estimating 

WA9HUV p. 42, Jun 75 

Noise generator, 1296-MHz 

W3BSV p. 46, Aug 73 

Oscillator, audio 

W6GXN p. 50, Feb 73 

Oscillator, frequency measuring 

W6IEL p. 16, Apr 72 

Added notes p. 90, Dec 72 

Oscillator, two-tone, for ssb testing 

W6GXN p. 11, Apr 12 

Oscilloscope calibrator (HN) 

K4EEU p 69, Jul 69 

Oscilloscope, putting it to work 

Allen p. 64, Sep 69 

Oscilloscope, troubleshooting amateur 
gear with 

Allen p. 52, Aug 69 

Oscilloscope voltage calibrator 

W6PBC p. 54, Aug 72 

Peak envelope power, how to measure 

W5JJ p. 32, Nov 74 

Phase meter, rf 

VE2AYU, Korth p. 28, Apr 73 

Power meter, rf 

K8EEG p. 26, Oct 73 

Power meter, rf, how to use (repair bench) 

W6NBI p. 44, Apr 77 

Pre-scaler, vhf (HN) 

W6MGI p. 57, Feb 73 

Prescaler, vhf, for digital frequency counters 
K4GOK p. 32, Feb 76 

Prescaler, 1-GHz, for frequency counters 

W6NBI p. 84, Sep 78 

Probe, sensitive rf (HN) 

W5JJ p. 61, Dec 74 

Q measurement 

G3SBA p. 49, Jan 77 

Radio Shack meters, internal resistance 

Katzenberger p. 94, Nov 77 

Reflectometers 

K1YZW p. 65, Dec 69 

Regenerative detectors and a wideband amplifier 
W8YFB p. 61, Mar 70 

Repairs, thinking your way through 

Allen p. 58, Feb 71 

Resistance standard, simple (HN) 

W20LU p. 65, Mar 71 

Resistance values below l ohm. measuring 

W40HT p. 66, Sep 77 

Resistance values below 1 ohm, 
measuring (letter) 

W1PT p. 91. Jan 78 


p. 42, Jun 75 
p. 46, Aug 73 


p. 50, Feb 73 


p. 16, Apr 72 
p 90, Dec 72 


p. 67, Jan 73 
p. 59, Mar 73 


p. 64, Jan 78 
p. 34, Sep 70 


Resistance values, measuring below l ohm 
W40HT p. 66. Sep 77 

Resistor decades, versatile 

W4ATE p. 66, Jul 71 

Rf current readout, remote (HN) 

W4ATE p 87, May 78 

Rf detector, sensitive 

WB9DNI p. 38, Apr 73 

Rf power meter, low-levei 

W5WGF p. 58, Oct 72 

Rf signal generator, solid-state 

VE5FP p. 42, Jul 70 

Rf wattmeter, accurate low power 

WA4ZRP p. 38, Dec 77 

RTTY monitor scope, solid state 

WB2MPZ p. 33, Oct 71 

RTTY signal generator 

W72TC p. 23, Mar 71 

Short circuit p. 96, Dec 71 

RTTY test generator (HN) 

W3EAG p. 67, Jan 73 

RTTY test generator (HN) 

W3EAG p. 59, Mar 73 

RTTY test generator 

WB9ATW p. 64, Jan 78 

RX impedance bridge 

W2CTK p. 34, Sep 70 

RX impedance bridge, low-cost 

W8YFB p. 6, May 73 

RX noise bridge, improvements to 

W6BXI, W6NKU p. 10, Feb 77 

Comments p. 100 Sep 77 

Noise bridge construction (letter) 

OH2ZAZ p. 8. Sep 78 

Safer suicide cord (HN) 

K6JYO p. 64, Mar 71 

Sampling network, rf — the mifli-tap 

W6QJW p, 34, Jan 73 

Signal generator, tone modulated for 
two and six meters 

WA80IK p. 54, Nov 69 

Signal generator, wide range 

W6GXN p. 18, Dec 73 

Slotted line, how to use (repair bench) 

W6NBI p. 58, May 77 

Slow-scan tv test generator 

K4EEU p. 6, Jul 73 

Spectrum analyzer, dc-100 MHz 

W6URH p. 16 , Jun 77 

Short circuit p. 69, Dec 77 

Spectrum analyzer for ssb 

W3JW p. 24, Jul 77 

Spectrum analyzer, four channel 

W9IA p. 6, Oct 72 

Spectrum analyzer, microwave 

N6TX p. 34, Jul 78 

Spectrum analyzer tracking generator 

W6URH p. 30, Apr 78 

Spectrum analyzers, understanding 

WA5SNZ p. 50, Jun 74 

Ssb, signals, monitoring 

W6VFR p. 35, Mar 72 

Sweep generator, how to use 

Allen p. 60, Apr 70 

Sweep response curves for low-frequency i-f’s 
Allen p. 56, Mar 71 

Switch-off flasher (HN) 

Thomas p. 64, Jul 71 

Swr bridge 

WB2ZSH p. 55, Oct 71 

Swr bridge and power meter, integrated 

W6DOB p. 40, May 70 

Swr bridge (HN) 

WA5TFK p. 66, May 72 

Swr bridge readings (HN) 

W6FPO p. 63, Aug 73 

Swr indicator, aural, forthe visually handicapped 
K6HTM p. 52, May 76 

Swr indicator, how to use (repair bench) 

W6NBI p. 66, Jan 77 

Swr meter 

W6VSV p. 6, Oct 70 

Swr meter 

WB6AFT p. 68, Nov 78 

Swr meter, improving (HN) 

W5NPD p. 68, May 76 

Swr meters, direct reading and expanded scale 
WA4WDK p. 28, May 72 

Correction p, 90, Dec 72 

Tester for 6146 tubes (HN) 

W6KNE p. 81, Aug 78 

Test probe accessory (HN) 

W2IMB p, 89, Jul 77 

Testing power tubes 

K4IPV p. 60, Apr 78 

Time-base oscillators, improved calibration 

WA7LUJ, WA7KMR p. 70, Mar 77 

Time-domain reflectometry, experimenter’s 
approach to 

WA0PIA p. 22, May 71 

Toroid permeability meter 

W6RJO p. 46, Jun 77 

Transconductance tester for fets 

W6NBI p, 44, Sep 71 

Transistor and diode tester 

ZL2AMJ p. 65, Nov 70 

Transistor curve tracer 

WA9LCX p. 52, Jul 73 

Short circuit p, 63, Apr 74 
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Transistor tester, shirt pocket 

W0MAY p. 40. JuI 76 

Transmitter tuning unit for the blind 

W9NTP p. 60, Jun 71 

Trapezoidal monitor scope 

VE3CUS p. 22, Dec 69 

Turn off timer for portable equipment 

W50XD p. 42, Sep 76 

TV I locator 

W6BD p. 24. Aug 78 

Uhf tuner tester for tv sets (HN) 

Schuler p. 73, Sep 69 

Vacuum tubes, testing high-power (HN) 

W20LU p. 64, Mar 72 

Vhf prescaler 

W8CHK p. 92, Jun 78 

Vhf pre scaler, improvements for 

W6P8C p. 30, Oct 73 

Voltage calibrator for digital voltmeters 

W6NBI p. 66, Jul 78 

Voltmeter calibrator, precision 

Woods, Hubert p. 94, Jun 78 

Vom/vtvm, added uses for (HN) 

W7DI p. 67. Jan 73 

VSWR indicator, computing 

WB9CYY p. 58, Jan 77 

Short circuit p. 94, May 77 

Vtvm modification 

W6HPH p. 51. Feb 69 

Vtvm, convert to an 1C voltmeter 

K6VCI p. 42, Dec 74 

Wavemeter, indicating 

W6N1F p, 26. Dec 70 

Short circuit p. 72, Apr 71 

Weak-signal source, stable, variable-output 

K6JYO p. 36, Sep 71 

Weak-signal source, 144 and 432 MHz 

K6JC p. 58. Mar 70 

WWV receiver, simple regenerative 

WA5SNZ p. 42, Apr 73 

WWV-WWVH, amateur applications for 

W3FQJ p. 53, Jan 72 

WWVB signal processor 

W9BTI p. 28, Mar 76 

Zener tester, low-voltage (HN) 

K3DPJ p. 72, Nov 69 

1.5 GHz prescaler, divide by 4 

N6JH p. 88, Dec 78 


microprocessors, 
computers and 
calculators 

Accumulator I/O versus memory I/O 

WB4HYJ, Rony, Titus p. 64, Jun 76 

CW keyboard, Microprocessor controlled 

WB2DFA p. 81, Jan 78 

Data converters 

WA1MOP p. 79, Oct 77 

Decision, how does a microcomputer make a 

WB4HYJ, Titus, Rony p. 74, Aug 76 

Device select pulses, generating input/output 
WB4HYJ, Titus, Rony p, 44. Apr 76 

Digital keyboard entry system 

N2YK/N2GW p. 92, Sep 78 

How microprocessors fit into scheme of 
computers and controllers 

WB4HYJ, Rony, Titus p. 36, Jan 76 

1C tester using the KIM-1 

W3GUL p. 74, Nov 78 

Input/output device, what is a? 

WB4HYJ, Rony, Titus p. 50, Feb 76 

Interfacing a digital multimeter with 
an 8080-based microcomputer 
WB4HYJ, Rony, Titus p. 66, Sep 76 

Interfacing a 10-bit DAC (Microprocessors) 


Rony, Titus, WB4HYJ 

P 

66, 

Apr 

78 

Internal registers, 8080 

Rony, Titus, WB4HYJ 

P- 

63. 

Feb 

77 

Interrupts, microcomputer 
WB4HYJ, Rony, Titus 

P- 

66, 

Dec 

76 

Introduction to microprocessors 
WB4HYJ, Rony, Titus 

P- 

32. 

Dec 

75 

Comments, WB4FAR 

P. 

63. 

May 

76 

Logical instructions 

Titus, WB4HYJ, Rony 

P- 

83. 

Jul 

77 

MOV and MVI 8080 instructions 
Titus, WB4HYJ, Rony 

P- 

74. 

Mar 

77 

Register pair instruction 

Rony, Titus, WB4HYJ 

P- 

76. 

Jun 

77 

Software UAR/T, interfacing a 
WB4HYJ, Rony, Titus 

P- 

60, 

Nov 

76 

Substitution of software for hardware 
WB4HYJ, Rony, Titus p. 

62, 

Jul 

76 

UAR/T, how it works 

Titus 

P- 

58, 

Feb 

76 

Vectored interrupts 

WB4HYJ, Rony, Titus 

P- 

74, 

Jan 

77 

Video display, simple 

VK3AOH 

P- 

46, 

Dec 

78 

8080 logical instructions 
WB4HYJ, Rony, Titus 

P 

89, 

Sep 

77 

8080 microcomputer output instructions 
WB4HYJ, Rony, Titus p, 54. 

Mar 

76 


miscellaneous 

technical 

Admittance, impedance and circuit analysis 

Anderson p. 76, Aug 77 

Alarm, wet basement (HN) 

W2EMF p. 68, Apr 72 

Antenna masts, design for pipe 

W3MR p. 52, Sep 74 

Added design notes (letter) p. 75, May 75 

Antennas and capture area 

K6MIO p. 42, Nov 69 

Bandpass filter design 

K4KJ p. 36, Dec 73 

Bandpass filters for 50 and 144 MHz, etched 
W5KHT p. 6, Feb 71 

Bandpass filters, single pole 

W6HPH p. 51, Sep 69 

Bandpass filters, top coupled 

Anderson p 34, Jun 77 

Bandspreading techniques for resonant circuits 
Anderson p. 46, Feb 77 

Short circuits p 69, Dec 77 

Batteries, selecting for portable equipment 

WB0AIK p 40, Aug 73 

Bipolar-fet amplifiers 

W6HDM p. 16, Feb 76 

Comments, Worcester p. 76, Sep 76 

Broadband amplifier, bipolar 

WB4KSS p. 58, Apr 75 

Broadband amplifier uses mospower fet 

Oxner p. 32, Dec 76 

Broadband amplifier, wide-range 

W6GXN p 40. Apr 74 

Bypassing, rf, at uhf 

WB6BHI p 50. Jan 72 

Calculator-aided circuit analysis 

Anderson p 38, Oct 77 

Calculator, hand held electronic, its 
function and use 

W4MB p 18, Aug 76 

Calculator, hand held electronic, 
solving problems with it 

W4MB p. 34, Sep 76 

Capacitors, oil-filled (HN) 

W20LU p. 66. Dec 72 

Clock, 24 hour digital 

K4ALS p. 51. Apr 70 

Short circuit p. 76, Sep 70 

Coil-winding data, vhf and uhf 

K3SVC p. 6, Apr 71 

Communications receivers, designing 
for strong-signal performance 
Moore p. 6, Feb 73 

Computer aided circuit analysis 

KIORV p. 30. Aug 70 

Contact bounce eliminators (letters) 

W7IV p 94, Nov 77 

Crystal filters, monolithic 

DK1AG P 28, Nov 78 

Digital clock, low-cost 

WA6DYW p. 26. Feb 76 

Digital mixer, introduction 

WB8IFM p. 42, Dec 73 

Digital readout system, simplified 

W60IS p. 42, Mar 74 

Double-balanced modulator, broadband 

WA6NCT p. 8, Mar 70 

Earth currents (HN) 

W70UI p. 80, Apr 70 

Effective radiated power (HN) 

VE7CB p 72, May 73 

Electrical units: their derivation and history 
WB6EYV p. 30, Aug 76 

Electrolytic capacitors, re-forming 
the oxide layer (HN) 

K9MM p. 99, Jul 78 

Ferrite beads 

W5JJ p. 48, Oct 70 

Ferrite beads, how to use 

KIORV p. 34, Mar 73 

Fet biasing 

W3FQJ p. 61, Nov 72 

Filter preamplifiers for 50 and 144 
MHz, etched 

W5KHT p. 6, Feb 71 

Filters, active for direct-conversion receivers 
W7ZOI p. 12, Apr 74 

Fire extinguishers (letter) 

W5PGG p. 68, Jul 71 

Fire protection 

Darr p. 54, Jan 71 

Fire protection (letter) 

K7QCM p. 62, Aug 71 

Fm techniques 

W6SAI p. 8 , Sep 69 

Short circuit p. 79, Jun 70 

Frequency counter as a synthesizer 

DJ2LR p. 44, Sep 77 

Freon danger (letter) 

WA5RTB p. 63, May 72 

Frequency-lock loop 

WA3ZKZ p 17, Aug 78 

Frequency multipliers 

W6GXN p. 6, Aug 71 

Frequency multipliers, transistor 

W6AJF p. 49, Jun 70 


Frequency synchronisation for scatter-mode 
propagation 

K20VS p. 26, Sep 71 

Frequency synthesis 

WA5SKM p. 42, Dec 69 

Frequency synthesizer, high-frequency 

K2BLA p. 16, Oct 72 

Frequency synthesizer sidebands, filter 
reduces (HN) 

K1PCT p 80, Jun 77 

Frequency synthesizers, how to design 

DJ2LR p. 10, Jui 76 

Short circuit p. 85, Oct 76 

Gamma-matching networks, how to design 

W7ITB p. 46, May 73 

Glass semiconductors 

W1EZT p. 54, Jul 69 

Graphical network solutions 

W1NCK, W2CTK p. 26, Dec 69 

Gridded tubes, vhf-uhf effects 

W6UOV p. 8, Jan 69 

Grounding and wiring 

W1EZT p. 44, Jun 69 

Ground plow 

W1EZT p. 64, May 70 

Gyrator: a synthetic inductor 

WB9ATW p, 96, Jun 78 

Harmonic generator, crystal-controlled 

W1KNI p. 66, Nov 77 

Harmonic output, how to predict 

Utne p. 34, Nov 74 

Heatsink problems, how to solve 

WA5SNZ p. 46, Jan 74 

Hf synthesizer, higher resolution for 

N4ES p. 34, Aug 78 

Hybrids and couplers, hf 

W2CTK p. 57, Jul 70 

Short circuit p. 72, Dec 70 

Hydroelectric station, amateur 

K6WX p. 50, Sep 77 

Impedance matching systems, designing 

W7CSD p. 58, Jul 73 

Inductors, how to use ferrite and 
powdered-iron for 

W6GXN p. 15, Apr 71 

Correction p. 63, May 72 

Infrared communications (letter) 

K20AW p. 65, Jan 72 

Injection lasers (letter) 

Mims p. 64, Apr 71 

Injection lasers, high power 

Mims p. 28, Sep 71 

Integrated circuits, part I 

W3FQJ p. 40, Jun 71 

Integrated circuits, part II 

W3FQJ p. 58, Jul 71 

Integrated circuits, part Ml 

W3FQJ p. 50, Aug 71 

Interference, hi-fi (HN) 

K6KA p. 63, Mar 75 

Interference problems, how to solve 

ON4UN p. 93, Jul 78 

Interference, rf 

W1DTY p. 12, Dec 70 

Interference, rf (letter) 

G3LLL p. 65, Nov 75 

Interference, rf 

WA3NFW p. 30, Mar 73 

Interference, rf, coaxial connectors can generate 
W1DTY p. 48, Jun 76 

Interference, rf, its cause and cure 

G3LLL p 26, Jun 75 

Intermittent voice operation of power 
tubes 

W6SAI p. 24, Jan 71 

Isotropic source and practical antennas 

K6FD p. 32, May 70 

Laser communications 

W4KAE p, 28, Nov 70 

LC circuit, calculations 

W20UX p. 68, Feb 77 

LED experiments 

W4KAE p. 6, Jun 70 

Lightning protection for the amateur station 

K9MM p. 18, Dec 78 

Lighthouse tubes for uhf 

W6UOV p. 27, Jun 69 

Local-oscillator waveform effects 
on spurious mixer responses 
Robinson, Smith p. 44, Jun 74 

Lowpass filters for solid-state linear amplifiers 
WA0JYK p. 38, Mar 74 

Short circuit p. 62, Dec 74 

L-networks, how to design 

W7LR p. 26, Feb 74 

Short circuit p. 62, Dec 74 

Lunar-path nomograph 

WA6NCT p. 28, Oct 70 

Marine installations, amateur, on small boats 
W3MR p. 44, Aug 74 

Matching networks, how to design 

Anderson, Leonard H. p. 44, Apr 78 

Matching techniques, broadband, for 

transistor rf amplifiers 

WA7WHZ p. 30, Jan 77 

Microprocessors, introduction to 

WB4HYJ, Rony, Titus p. 32, Dec 75 
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Microwave rf generators, solid-state 


W1HR p. 

Microwaves, getting started in 

10, 

Apr 

77 

Roubal p. 

Microwaves, Introduction 

53, 

Jun 

72 

W1CBY p. 

Mini-mobile 

20, 

Jan 

72 

K9UQN p. 

Mismatched transmitter loads, affect 

58. 

of 

Aug 

71 

W5JJ p. 

Mnemonics 

60, 

Sep 

69 

W6NIF p. 

Multi-function integrated circuits 

69, 

Dec 

69 

W3FQJ p. 

Network, the ladder 

46, 

Oct 

72 

W2CHO p. 

Networks, transmitter matching 

48, 

Dec 

76 

W6FFC p. 6, 

Neutralizing small-signal amplifiers 

Jan 

73 

WA4WDK p. 

Noise figure, meaning of 

40, 

Sep 

70 

K6MIO p. 

Operational amplifiers 

26. 

Mar 

69 

WB2EGZ p 

Phase detector, harmonic 

6. 

Nov 

69 

W5TRS p. 

Phase-locked loops 

40, 

Aug 

74 

WB6FOC p. 

Phase-locked loops, 1C 

54, 

Jul 

78 

W3FQJ p. 54. 

Phase-locked loops, 1C, experiments with 

Sep 

71 

W3FQJ p. 

Phase-shift networks, design criteria 

58, 

for 

Oct 

71 

G3NRW p. 

Pi network design 

34, 

Jun 

70 

W6FFC p 

Pi network design 

. 6, 

Sep 

72 

Anderson, Leonard H, p. 

Pi network design and analysis 

36, 

Mar 

78 

W2HB p. 

30, 

Sep 

77 

Short circuit p. 

Pi network inductors (letter) 

68, 

Dec 

77 

W7IV p. 

Pi networks, series-tuned 

78. 

Dec 

72 

W2EGH p. 

42, 

Oct 

71 


Power amplifiers, high-efficiency rf 

WB8LQK p 8, Oct 74 

Power dividers and hybrids 

W1DAX p. 30, Aug 72 

Power supplies, survey of solid-state 

W6GXN p. 25, Feb 70 

Power, voltage and impedance nomograph 

W2TQK p. 32, Apr 71 

Printed-circuit boards, photofabrication of 

Hutchinson p. 6, Sep 71 

Programmable calculator simplifies 
antenna design (HN) 

W3DVO p . 70, May 74 

Programmable calculators, using 

W3DV0 p, 40, Mar 75 

Proportional temperature control for crystal 
ovens 

VE5FP p. 44, Jan 70 

Pulse-duration modulation 

W3FQJ p . 65, Nov 72 

Q factor, understanding 

W5JJ p. 16, Dec 74 

Radiation hazard, rf 

W1DTY p. 4, Sep 75 

Correction p. 59, Dec 75 

Radio communications links 
W1EZT 

Radio observatory, vhf 
Ham 

Radio-frequency interference 
WA3NFW 


p. 44, Oct 69 
p. 44. Jul 74 
p. 30, Mar 73 
p. 42, Jul 78 


Radio sounding system 
KL7GLK 

Radiotelegraph translator and transcriber 

W7CUU, K7KFA p. 8, Nov 71 

Eliminating the matrix 

KH6AP p. 60, May 72 

Rating tubes for linear amplifier service 
W6UOV, W6SAI p- 50, Mar 71 

Reactance problems, nomograph for 

W6NIF p 51, Sep 70 

Resistor performance at high frequencies 

K10RV p. 36. Oct 71 

Resistors, frequency sensitive (HN) 

W8YF8 p. 54, Dec 70 

Resistors, frequency sensitive (letter) 

W5UHV p. 68, Jul 71 

RF amplifier, wideband 

WB4KSS p. 58, Apr 75 

Rf autotransforrners, wideband 

K4KJ p. 10, Nov 76 

Rf chokes, performance above and 
below resonance 

WA5SNZ p. 40, Jun 78 

Rf power detecting devices 

K6JYO p. 28, Jun 70 

Rf power transistors, how to use 

WA7KRE p. 8. Jan 70 

Rf interference, suppression in telephones 

K6LDZ p 79, Mar 77 

Safety circuit, pushbutton switch (HN) 

K3RFF, WA1FHB p. 73, Feb 77 

Safety in the ham shack 

Darr, James p. 44, Mar 69 


Satellite communications, first step to 

K1MTA p. 52, Nov 72 

Added notes (letter) p. 73, Apr 73 

Satellite signal polarization 

KH6IJ p. 6. Dec 72 

Signal detection and communication 
in the presence of white noise 
WB6IOM p. 16, Feb 69 

Silver/silicone grease (HN) 

W6DDB p. 63, May 71 

Simple formula for microstrip impedance (HN) 
W1 HR p. 72, Dec 77 

Smith chart, how to use 

WIDTY p. 16. Nov 70 

Correction p. 76, Dec 71 

Solar energy 

W3FQJ p. 54, Jul 74 

Speech clippers, rf, performance of 

G6XN p. 26, Nov 72 

Square roots, finding (HN) 

K9DHD p. 67, Sep 73 

increased accuracy (letter) p. 55, Mar 74 

Staircase generator (C&T) 

WIDTY p. 52, Jun 76 

Standing-wave ratios, importance of 

W2HB p. 26, Jul 73 

Correction (tetter) p. 67, May 74 

Stress analysis of antenna systems 

W2FZJ p. 23, Oct 71 

Synthesizer design (letters) 

WB2CPA p. 94, Nov 77 

Temperature sensor, remote (HN) 

WAINJG p. 72, Feb 77 

Tetrodes, external-anode 

W6SAI p. 23, Jun 69 

Thermometer, electronic 

VK3ZNV p. 30, Apr 70 

Thyristors, introduction to 

WA7KRE p. 54, Oct 70 

Toroidal coil inductance (HN) 

W3WLX p. 26, Sep 75 

Toroid coils, 88 mH (HN) 

WA1NJG p. 70. Jun 76 

Toroids, calculating inductance of 

WB9FHC p. 50, Feb 72 

Toroids, plug-in (HN) 

K8EEG p. 60, Jan 72 

Transistor amplifiers, tabulated 
characteristics of 

W5JJ p. 30, Mar 71 

Trig functions on a pocket calculator (HN) 

W9ZTK p 60, Nov 75 

Tube shields (HN) 

W9KNI p. 69. Jul 76 

Tuning, Current-controlled 

K2ZSQ p. 38. Jan 69 

TV I locator 

W6BD p. 23, Aug 78 

Vacuum-tube amplifiers, tabulated 
characteristics of 

WSJJ p. 30, Mar 71 

Warning lights, increasing reliability of 

W3NK p. 40, Feb 70 

White noise diodes, selecting (HN) 

W6DOB p. 65, Apr 76 

Wind generators 

W3FQJ p. 24, Jul 76 

Wind loading on towers and antenna 
structures, how to calculate 
K4KJ p. 16. Aug 74 

Added note p. 56, Jul 75 

Y parameters, using in rf amplifier design 

WA0TCU p. 46, Jul 72 

24 hour clock, digital 

W66AFT p. 44, Mar 77 


novice reading 

Ac power line monitor 

W20LU p. 46, Aug 71 

Amplifiers, tube and transistor, 
tabulated characteristics of 
WSJJ p. 30, Mar 71 

Antenna, bobtail curtain for 40 meters 

VE1TG P 58, Jul 69 

Antenna, bow tie for 80 meters 

W9VMQ p. 56, May 75 

Antenna, converted vee for 80 and 40 

W6JKR p. 18, Dec 69 

Antenna couplers, simple 

W2EEY p. 32, Jan 70 

Antenna ground system installation 

W1EZT p. 64, May 70 

Antenna, long wire, multiband 

W3FQJ p. 28, Nov 69 

Antenna, multiband phased vertical 

WA7GXO p. 33. May 72 

Antenna systems for 40 and 80 meters 

K6KA p. 55, Feb 70 

Antenna, top-loaded 80 meter vertical 

VE1TG p. 48, Jun 69 

Antenna tuning units 

W3FQJ p. 58, Dec 72, p. 58, Jan 73 

Antenna, unidirectional for 40 meters 

GW3NJY p. 61, Jan 70 

Antenna, 80-meter vertical 

VE1TG p. 26, May 70 


Antenna, 80 meters, for small lot 

W6AGX p. 28, May 73 

Antennas, dipole 

KH6HDM p. 60, Nov 75 

Antennas, low elevation 

W3FQJ p. 66, May 73 

Antennas, QRM reducing receiving types 

W3FQJ p. 54, May 71 

Antennas, simple dual-band 

W6SAI p. 18, Mar 70 

Antennas, simple for 80 and 40 meters 

W5RUB p, 16, Dec 72 

Audio age principles and practice 

WA5SNZ p. 28, Jun 71 

Audio filter, tunable 

WA1JSM p. 34, Aug 70 

Audio filters, inexpensive 

W8YFB p. 24, Aug 72 

Audio module, solid-state receiver 

K4DHC p.18, Jun 73 

Batteries, selecting for portable equipment 

WB0AIK p. 40, Aug 73 

Battery power 

W3FQJ p. 56, Aug 74. p. 57, Oct 74 

COSMOS integrated circuits 

W3FQJ p. 50. Jun 75 

CW audio filter, simple 

W7DI p. 54, Nov 71 

CW audio filter, simplest 

W4VNK p. 44. Oct 70 

CW monitor, simple 

WA90HR p. 65. Jan 71 

CW reception, improved through simulated stereo 
WA1MKP p. 53, Oct 74 

CW transceiver, low-power for 40 meters 

W788X p. 16, Jul 74 

Detectors, regenerative 

W8YF8 p. 61, Mar 70 

Diode detectors 

W6GXN p. 28, Jan 76 

Dipoles, multiband for portable use 

W6SAI p 12, May 70 

Dummy load and rf wattmeter 

W20LU p. 56, Apr 70 

Feedpoint impedance characteristics of 
practical antennas 

W5JJ p. SO, Dec 73 

Filter, tunable for audio selectivity 

W2EEY p 22, Mar 70 

Fire protection in the ham shack 

Darr p. S4, Jan 71 

Frequency spotter, crystal controlled 

WSJJ p. 36, Nov 70 

ICs, basics of 

W3FQJ p. 40, Jun 71, p. 58, Jul 71 

ICs. digital, basics 

W3FQJ p 41, Mar 72, p. 58, Apr 72 

ICs, digital flip-flops 

W3FQJ p 60, Jul 72 

ICs, digital multivibrators 

W3FQJ p. 42, Jun 72 

ICs, digital, oscillators and dividers 

W3FQJ p. 62, Aug 72 

Interference, hi-fi 

G3LLL p. 26. Jun 75 

Interference, radio frequency 

WA3NFW p 30, Mar 73 

Man-made interference, how to find 

WIDTY p, 12, Dec 70 

Meters, how to use 

W4PSJ p. 48, Sep 75 

Morse code, speed standards for 

VE2ZK p, 58, Apr 73 

Mosfet circuits 

W3FQJ p, 50, Feb 75 

Preamplifier, 21 MHz 

WA5SNZ p. 20, Apr 72 

Printed-circuit boards, how to make your own 
K4EEU p. 58, Apr 73 

Printed circuit boards, tow cost 

W8YFB p. 16, Jan 75 

Q factor, understanding 

W5JJ P 16, Dec 74 

Radio communications links, basics of 

W1EZT p 44. Oct 69 

Receiver frequency calibrator 

W5UQS p. 28, Dec 71 

Receiver, regenerative for WWV 

WA5SNZ p. 42, Apr 73 

Receivers, direct-conversion 

W3FQJ p. 59, Nov 71 

Rectifiers, improved half-wave 

Bailey p. 34, Oct 73 

Safety in the ham shack 

Darr p. 44, Mar 69 

Semiconductors, charge flow in 

WB6BIH p. 50, Apr 71 

Semiconductor diodes, evaluating 

W5JJ p. 52, Dec 71 

S meters, circuits for 

K6SDX p. 20, Mar 75 

Speaker intelligibility, improving 

WA5RAQ p. S3, Aug 70 

Swr bridge 

WB2ZSH p, 55, Oct 71 

Towers and rotators 

K6KA p. 34, May 76 


december 1978 


139 



Transistor power dissipation, how to determine 1C crystal controlled oscillators 


WN9CGW 

P. 

56, 

Jun 

71 

VK2ZTB 

P- 

10, 

Mar 

76 

Transmitter keying, improving 





Crystal switching (HN) 





K6KA 

P 

44, 

Jun 

76 

K6LZM 

P- 

70, 

Mar 

69 

Transmitter, low-power, 80-meter 





Crystal test oscillator and signal 





W3FQJ 

P- 

50, 

Aug 

75 

generator 


46, 


73 

Transmitter, multiband low power with vfo 


K4EEU 

P- 

Mar 

K8EEG 

P 

39, 

Jul 

72 

Crystals, overtone (HN) 





Transmitter power levels 





G8ABR 

P 

72, 

Aug 

72 

WA5SNZ 

P- 

62, 

Apr 

71 

Drift-correction circuit for free 





Troubleshooting, basic 

n 

54. 

Jan 

76 

running oscillators 

PA0KSB 

P- 

45, 

Dec 

77 

Troubleshooting by voltage measurements 
James p. 64, Feb 

76 

Goral oscillator notes (HN) 

K5QIN 

P 

66. 

Apr 

76 

Troubleshooting, resistance measurements 
James p. 58, Apr 

Troubleshooting, thinking your way through 
Allen p. 58. Feb 

Tuneup, off the-air 

W4MB p. 40, Mar 

Underground coaxial transmission line, 
how to install 

W0FCH p. 38, May 

Vertical antennas, improving efficiency 

K6FD P- 54, Dec 

Vfo for 40 and 80 meters 

W3QBO p- 36, Aug 

76 

71 

76 

70 

74 

70 

Hex inverter vxo circuit 

W2LTJ p. 50, Apr 

Local oscillator, phase locked 

VE5FP p. 6. Mar 

Monitoring oscillator 

W2JIO p. 36, Dec 

Multiple band master-frequency oscillator 
K6SDX p. 50, Nov 

Multivibrator, crystal-controlled 

WN2MQY p. 65, Jul 

Noise sideband performance tn oscillators, 
evaluating 

DJ2LR p. 51. Oct 

Oscillator, audio. 1C 

75 

71 

72 

75 

71 

78 

Vfo. stable solid-state 


. 8, 

Dec 

71 

W6GXN 

P- 

50, 

Feb 

73 

K4BGF 

P 

Oscillator, electronic keyer 


Wiring and grounding 


44. 

Jun 

69 

WA6JNJ 

p. 

44, 

Jun 

70 

W1EZT 

P 

Oscillator, Franklin (HN) 


Workbench, electronics 

W1EZT 

P- 

50, 

Oct 

70 

W5JJ 

Oscillator, frequency measuring 

P- 

61, 

Jan 

72 






W6IEL 

P- 

16, 

Apr 

72 

operating 





Added notes 

Oscillator, gated (HN) 

P 

90, 

Dec 

72 





WB9KEY 

p. 

59, 

Jul 

75 

Beam antenna headings 


64, 

Apr 

71 

Oscillator-monitor, audio 





W6FFC 

P- 

WA1JSM 

P- 

48, Sep 

70 

Code practice stations (letter) 


75, 


72 

Oscillator, phase-locked 





WB4LXJ 

P- 

Dec 

VE5FP 

P 

• 6, 

Mar 

71 

Code practice (HN) 


74, 

May 

73 

Oscillator, two-tone, for ssb testing 




W20UX 

P- 

W6GXN 

P 

11, 

Apr 

72 

Computers and ham radio 




69 

Oscillators (HN) 


W5TOM 

P- 

60, 

Mar 

W1DTY 

P 

68, 

Nov 

69 

CW monitor 




69 

Oscillators, cure tor cranky (HN) 




W2EEY 

P- 

46, Aug 

W8YFB 

P 

55, 

Dec 

70 

CW monitor, simple 


65, 


71 

Oscillators, repairing 




WA90HR 

P 

Jan 

Allen 

P. 

69, 

Mar 

70 

CW transceiver operation with 





Oscillators, resistance-capacitance 




transmit-receive offset 




70 

W6GXN 

P- 

18, 

Jul 

72 

W1DAX 

P 

56, 

Sep 

Overtone crystal oscillators without inductors 


DXCC check list, simple 


55, 


73 

WA5SNZ 

P 

50, 

Apr 

78 

W2CNQ 

P 

Jun 

Quadrature-phased local oscillator (letter) 


Fluorescent light, portable (HN) 




73 

K6ZX 

P- 

62, 

Sep 

75 

K8BYO 

P. 

62, 

Oct 

Quartz crystals (tetter) 



Great-circle charts (HN) 





WB2EGZ 

P- 

74, 

Dec 

72 

K6KA 

P- 

62, 

Oct 

73 

Stable vfo (C&T) 




Identification timer (HN) 




74 

W1DTY 

P- 

51, 

Jun 

76 

K9UQN 

P- 

60. 

Nov 

TTL crystal oscillators (HN) 



Magazines, use your old 


52, 

Jan 

70 

W0JVA 

P 

60, 

Aug 

75 

Foster 

P- 

TTL oscillator (HN) 





Morse code, speed standards for 





WB6VZW 

P 

77, 

Feb 

78 

VE2ZK 

P 

68, 

Apr 

73 

Vco, crystal-controlled 




Added note (letter) 

P- 

68, 

Jan 

74 

WB6IOM 

P- 

58, 

Oct 

69 

Protective material, plastic (HN) 




70 

Versatile audio oscillator (HN) 





W6BKX 

P 

58, 

Dec 

W7BBX 

P- 

72, 

Jan 

76 

Replays, instant (HN) 




70 

Vfo buffer amplifier (HN) 





W6DNS 

P- 

67. 

Feb 

W3QBO 

P- 

66, 

Jul 

71 

Sideband location (HN) 





Vfo design, stable 





K6KA 

P 

62. 

Aug 

73 

W1CER 

P- 

10, 

Jun 

76 

Spurious signals (HN) 


61, 

Nov 

74 

Vfo design using characteristic curves 



K6KA 

P 

I2BVZ 

P- 

36, 

Jun 

78 

Tuning with ssb gear 


40. 

Oct 

70 

Regulated power supplies, designi 

ng 




W0KD 

P- 

K5VKO 

P 

58, 

Sep 

77 

Zulu time (HN) 


58, 

Mar 

73 

Vfo, digital readout 





K6KA 

P- 

WB8IFM 

P- 

14, 

Jan 

73 

oscillators 





Vfo for solid-state transmitters 
W3QBO 

Vfo, high stability 

P 

36, 

Aug 

70 





W8YFB 

P- 

14, 

Mar 

69 

Audio oscillator, NE566 1C 





Vfo, high stability, vhf 





W1EZT 

P- 

36, 

Jan 

75 

OH2CD 

P- 

27, 

Jan 

72 

Blocking oscillators 





Vfo, multiband fet 





W6GXN 

P 

45, 

Apr 

69 

K8EEG 

P 

39, 

Jul 

72 

Clock oscillator, TTL (HN) 





Vfo, stable 





W9ZTK 

P- 

56. 

Dec 

73 

K4BGF 

p. 8, 

Dec 

71 

Colpitts oscillator design technique 




Vfo transistors (HN) 





WB6BPI 

P 

. 78, 

, Jul 

78 

WIOOP 

P- 

74, 

Nov 

69 

Crystal oscillator, frequency adjustment of 


Vxo design, practical 





W9ZTK 

P- 

42, 

Aug 

72 

K6BIJ 

P- 

22, 

Aug 

70 

Crystal oscillator, high stability 





5 ampere power supply, adjustable 




W6TNS 

P- 

36, 

Oct 

74 

N1 JR 

P- 

50, 

Dec 

78 

Crystal oscillators 

W6GXN 

Crystal oscillator, simple (HN) 
W20UX 

P- 

P- 

33, 

98, 

Jul 

Nov 

69 

77 

power supplies 





Crystal oscillators, stable 


34, 

Jun 

75 

Ac current monitor (letter) 





DJ2LR 

P 

W85MAP 

P. 

61, 

Mar 

75 

Correction 

P- 

67, 

Sep 

75 

Ac power supply, regulated, for mobile 



Crystal oscillators, survey of 


10, 

Mar 

76 

fm equipment 





VK2ZTB 

P 

WA8TMP 

P- 

28, 

Jun 

73 

1C crystal controlled oscillators (letter) 



AH mode-protected power supply 





W7EKC 

P 

91, 

Jan 

78 

K2PMA 

P- 

74, 

Oct 

77 

Crystal oven, simple (HN) 





Arc suppression networks (HN) 





Mathieson 

P- 

66, 

Apr 

76 

WA5EKA 

P- 

. 70, 

Jul 

73 

Crystal ovens, precision temperature control 


Batteries, selecting for portable equipment 


K4VA 

P 

34, 

Feb 

78 

WA0AIK 

P- 

40, 

Aug 

73 


P- 

46, 

Aug 75 

for 




P- 

34, Apr 78 

P. 

42, 

Apr 76 

P- 

70. 

Dec 

72 

P 

66, 

Oct 

73 

P- 

54. 

Mar 

75 

P- 

51. 

Jun 

76 

P- 

65, 

Mar 

72 

P- 

77, 

Aug 

72 

P- 

41, 

Apr 

76 

P- 

71, 

Apr 69 

P- 

80, 

Aug 69 

P< 

68, 

Nov 

71 

P 

66. 

Sep 

74 

P- 

68. 

Apr 

72 

P 

95, 

Jan 

78 

P- 

50, 

Nov 

70 

P- 

51. 

Dec 

70 


p. 81, Jun 78 

p. 71, Jul 73 

p. 66, Jan 74 
p. 61, Mar 75 

p. 62. Oct 72 

p. 66. Nov 71 


Battery drain, auxiliary, guard for (HN) 

W1DTY p. 74, Oct 74 

Battery power 

W3FQJ p. 56, Aug 74 

Charger, fet control led, for nicad batteries 
WA0JYK 

Constant-current battery cha> 
portable operation 
K5PA 

Converter, 12 to 6 volt (C&T) 

W1DTY 

Current limiting (HN) 

W0LPQ 

Current limiting (letter) 

K5MKO 

Dc dc converter, low-power 
W5MLY 

Dc power supply, regulated (C&T) 

WIOTY 

Diode surge protection (HN) 

WA7LUJ 
Added note 
Dry-cell life 
W1DTY 

Oual-voltage power supply (HN) 

WIOOP 
Short circuit 

Dual-voltage power supply (HN) 

W5JJ 

Filament transformers, miniature 
Bailey 

1C power (HN) 

W3KBM 

1C power supply, adjustable (HN) 

W3HB 

1C regulated power supply 
W2FBW 

1C regulated power supply 
W9SEK 

Instantaneous-shutdown high current 
regulated supply 
W6GB 

Klystrons, reflex power for (HN) 

W6BPK 

Line-voltage monitor (HN) 

WA8VFK 

Current monitor mod (letter) 

Load protection, scr (HN) 

W50ZF 

Low-value voltage source (HN) 

WA5EKA 

Low voltage, variable bench power supply 
(weekender) 

W6NBI p. 58, Mar 76 

Mobile power supplies, troubleshooting 

Allen p. 56, Jun 70 

Mobile power supply (HN) 

WN8DJV p. 79, Apr 70 

Mobile supply, low-cost (HN) 

W4GEG p. 69, Jul 70 

Motorola Dispatcher, converting to 
12 volts 
WB6HXIJ 

Nicad battery care (HN) 

W1DHZ 

Operational power supply 
WA2IKL 

Overvoltage protection (HN) 

W1AAZ 

Pilot-lamp life (HN) 

W20LU 

Polarity inverter, medium current 

Laughlin p. 26, Nov 73 

Power supplies for single sideband 

Belt p. 38, Feb 69 

Power-supply hum (HN) 

W8YFB p. 64, May 71 

Power supply, improved (HN) 

W4ATE p. 72, Feb 72 

Power supply, precision 

W7SK p. 26, Jul 71 

Power supply protection for your solid state 
circuits 

W5JJ p. 36, Jan 70 

Power supply troubleshooting (repair bench) 

K4IPV p. 78, Sep 77 

Precision voltage supply for 

phase-locked terminal unit (HN) 

WA6TLA p. 60, Jul 74 

Protection for solid-state power supplies (HN) 
W3NK p. 66, Sep 70 

Rectifier, half-wave, improved 

Bailey p. 34, Oct 73 

Regulated power supplies, how to design 

K5VKQ p. 58, Sep 77 

Regulated power supplies, designing (letter) 
W9HFR p. HO, Mar 78 

Regulated power supply, 500-watt 

WA6PEC p. 30, Dec 77 

Regulated solid-state high-voltage 
power supply 

W6GXN p. 40, Jan 75 

Short circuit p. 69, Apr 75 

Regulated 5-volt supply (HN) 

W6UNF p. 67, Jan 73 

SCR-regulated power supplies 

W4GOC p. 52, Jul 70 

Selenium rectifiers, replacing 

W1DTY p- 41, Apr 76 


p. 26, Jul 72 
p. 71, Feb 76 
p, 8, Apr 70 
p. 64, Apr 76 
p. 71, Jul 73 
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Servicing power supplies 

W6GXN p. 44, h 

Solar energy 

W3FQJ p. 54, 

Solar power 

W3FQJ p. 52, IS 

Solar power sourse, 36-voit 

W3FQJ p. 54, J 

Step-start circuit, high-voltage (HN) 

W6VFR p. 64, S 

Storage battery QRP power 

W3FQJ p. 64, ( 

Super regulator, the MPC1000 

W3HUC p. 52. S 

Survey of solid-state power supplies 

W6GXN p. 25, F 

Short circuit p 76, S 

Transformers, high-voltage, repairing 

W6NIF p. 66 N 

Transformers, miniature (HN) 

W4ATE p. 67, . 

Transient eliminator (C&T) 

W1DTY p. 52, J 

Transients, reducing 

W5JJ p. 50, J 

Variable power supply for transistor work 
WA4MTH p. 68, N 

Variable-voltage power supply, 1.2 amps 
WB6AFT p. 36, . 

Vibrator replacement, solid-state (HN) 
K8RAY p. 70, A 

Voltage regulators, 1C 

W7FLC p 22, C 

Voltage regulator ICs, adjustable 

WB9KEY p. 36, A 

Voltage-regulator ICs, three terminal 

WB5EMI p. 26, D 

Added note (letter) p. 73, S 

Voltage regulators, boosting bargain (HN) 

WA7VVC p. 90, M 

Voltage regulators, 1C 

W6GXN p. 31, K 

Voltage safety valve 

W2UVF p. 78, ( 

Wind generators 

W3FQJ p. 50, J 


Audio-filters, inexpensive 


76 

W8YFB 

p. 24, Aug 72 


Audio filter, tunable peak-notch 


74 

W2EEY 

p. 22, Mar 70 


Audio filter, variable bandpass 


74 

W3AEX 

p, 36, Apr 70 


Audio, improved for receivers 


77 

K7GCO 

p. 74, Apr 77 


Audio module, complete 


71 

K4DHC 

p. 18, Jun 73 


Bandspreadtng techniques for resonant circuits 

74 

Anderson 

p. 46, Feb 77 


Short circuits 

p. 69, Dec 77 

76 

Bandspreading techniques for resonant circuits 


Anderson, Leonard H, 

p. 46, Feb 77 

70 

Bandspreadtng techniques for 


70 

resonant circuits (letter) 



W0EJO 

p. 6, Aug 78 

69 

Batteries, how to select for portable 


equipment 


72 

WA0AIK 

p. 40, Aug 73 

76 

Bfo multiplexer for a multimode detector 

WA3YGJ 

p. 52, Oct 75 

70 

Calibrator crystals (HN) 


/s 

K6KA 

p. 66, Nov 71 

7C 

Calibrator, plug in frequency 


/o 

K6KA 

p, 22, Mar 69 

1 Q 

Calibrator, simple frequency-divider 


using mos ICs 


72 

W6GXN 

p 30, Aug 69 


Communications receivers, design tdeas for 

70 

Moore 

p. 12, Jun 74 


Communications receivers, designing 

75 

for strong signal performance 



Moore 

p. 6, Feb 73 

73 

Converting a vacuum-tube receiver to 

74 

solid-state 



WIOOP 

p. 26, Feb 69 

77 

Counter dials, electronic 



K6KA 

p. 44, Sep 70 

77 

Crystal-filter design, practical 



PY2PEC 

p 34, Nov 76 

76 

CW filter, adding (HN) 



W20UX 

p. 66, Sep 73 

75 

CW monitor, simple 



WA90HR 

p. 65, Jan 71 


propagation 

Artificial radio aurora, scattering 
characteristics of 

WB6KAP p- 18, 

Echoes, long delay 

WB6KAP p. 61. 

Ionospheric E-layer 

WB6KAP p. 58, 

Ionospheric science, short history of 

WB6KAP P- 58, 

Scatter-mode propagation, frequency 
synchronisation for 
K20VS p. 26, 

Solar cycle 20, vhfer's view of 

WA5IYX p. 46, 

Sunspot numbers 

WB6KAP p. 63, 

Sunspots and solar activity 

WB6KAP p. 60, 

Tropospheric-duct vhf communications 
WB6KAP p. 68, 

6-meter sporadic-E openings, predicting 
WA9RAQ p. 38, 

Added note (letter) p. 69, 


receivers and 
converters 

general 

Antenna impedance transformer for 
receivers (HN) 

W6NIF p. 70, 

Antenna tuner, miniature receiver (HN) 
WA7KRE p. 72, 

Anti-QRM methods 

W3FQJ p. 50, I 

Attenuation pads, receiving (letter) 

K0HNQ p. 69. 

Audio age amplifier 

WA5SNZ p. 32, 

Audio age principles and practice 

WA5SNZ p. 28, 

Audio filter for CW, tunable 

WA1JSM p. 34, i 

Audio filter-frequency translator for CW 
reception 

W2EEY p, 24, 

Audio filter mod (HN) 

K6HIU p. 60, 

Audio filter, simple 

W4NVK p. 44, 

Audio filters, CW (letter) 

6Y5SR p. 56. 

Audio filters for ssb and CW reception. 
K6SDX p. 18, 


CW processor for communications receivers 
W6NRW p. 17, Oct 71 

CW reception, enhancing through a 
simulated stereo technique 
WA1MKP p. 61. Oct 74 

Nov 74 CW reception, noise reduction for 

W2ELV p. 52, Sep 73 

May 69 CW regenerator for interference free 
communications 

Aug 69 Leward, Libenschek p. 54, Apr 74 

CW selectivity with crystal bandpassing 
Jun 63 W2EEY p. 52. Jun 69 

CW transceiver operation with transmit-receive 
offset 


71 

W1DAX 

Detector, reciprocating 

P 

56. 

Sep 

70 

74 

W1SNN 

P- 

32, 

Mar 

72 


Added notes p. 54, Mar 74; 

P- 

76, 

May 

75 

69 

Detector, single-signal phasing type 





WB9CYY 

P 

71, 

Oct 

76 

69 

Short circuit 

P- 

68, 

Dec 

77 

Detector, superregenerative, optimizing 



69 

Ring 

Detectors, fm, survey of 

P 

, 32, 

Jul 

72 

72 

74 

W6GXN 

Digital frequency display 

P- 

22, 

Jun 

76 

WB2NYK 

Digital readout, universal 

P 

26, 

Sep 

76 



WB8IFM 

Digital vfo basics 

P- 

34. 

Dec 

78 


Earnshaw 

Diode detectors 

P- 

18, 

Nov 

78 


W6GXN 

P- 

28, 

Jan 

76 


Comments 

Direct-conversion receivers (HN) 

P- 

77, 

Feb 

77 


YU2HL 

Diversity receiving system 

P- 

100, 

Sep 

78 

70 

W2EEY 

P- 

12, 

Dec 

71 


Double-balanced mixer, active, high- 




69 

dynamic range 

DJ2LR 

P 

90, 

Nov 

77 

71 

Filter alignment 

W7UC 

Filter, vari-Q 

P- 

61. 

Aug 

75 

74 

W1SNN 

P- 

62, 

Sep 

73 

73 

Frequency calibrator, how to design 





W3AEX 

P 

. 54, 

Jul 

71 

71 

Frequency calibrator, receiver 






W5UQS 

P 

28, 

Dec 

71 

70 

Frequency-marker standard using 

emos 




W4IYB 

P- 

44. 

Aug 

77 


Frequency measurement of received 




70 

signals 

W4AAD 

P- 

38, 

Oct 

73 

72 

Frequency spotter, general coverage 





W5JJ 

P- 

36, 

Nov 

70 

70 

Frequency standard (HN) 






WA7JIK 

P- 

69, 

Sep 

72 

75 

Frequency standard, universal 






K4EEU 

P- 

40, 

Feb 

74 

76 

Short circuit 

P 

72, 

May 

74 


P- 

50. 

Sep 

72 

P- 

62, 

Nov 

75 

P- 

10. 

Mar 

77 

P. 

94, 

May 

77 

p. 

34, 

Aug 

76 

P- 

39, 

Sep 

71 

P- 

68, 

Dec 

72 


p. 53, Aug 70 
p. 68, Jul 72 
p. 63, Mar 75 
p. 12, Dec 70 
p. 30, Mar 73 


p. 72, Feb 76 

p. 38, Feb 73 

p. 26, Nov 77 

p. 16, Oct 69 
p. 76, Sep 70 

p, 52, May 69 
p. 79, Jun 70 


Hang age circuit for ssb and CW 
W1ERJ 

Headphone cords (HN) 

W20LU 

l-f amplifier design 
DJ2LR 

Short circuit 

l-f detector receiver module 
K6SDX 

l-f system, multimode 
WA2IKL 

Image suppression (HN) 

W6NIF 

Intelligibility of communications receivers, 
improving 
WA5RAQ 

Interference, electric fence 
K6KA 

Interference, hi-fi (HN) 

K6KA 

Interference, rf 
W1DTY 

Interference, rf 
WA3NFW 
Interference, rf, its cause and cure 

G3LLL p. 26, Jun 75 

Intermodulation distortion, reducing 

in high-frequency receivers 
WB4ZNV p. 26, Mar 77 

Short circuit p. 69, Dec 77 

Local oscillator, phase-locked 

VE5FP p. 6, Mar 71 

Local-oscillator waveform effects 
on spurious mixer responses 
Robinson. Smith p 44, Jun 74 

Mixer, crystal 

W2LTJ p. 38, Nov 75 

Monitor receiver modification (HN) 

W2CNQ 
Noise blanker 
K4DHC 

Noise blanker design 
K7CVT 

Noise blanker, hot-carrier diode 
W4KAE 
Short circuit 
Noise blanker, 1C 
W2EEY 
Short circuit 
Noise effects in receiving systems 

DJ2LR p. 34, Nov 77 

Noise figure, the real meaning of 

K6MIO p. 26, Mar 69 

Phase-locked 9-MHz bfo 

W7GHM p. 49, Nov 78 

Phase-shift networks, design criteria 

G3NRW p. 34, Jun 70 

Preamplifier, wideband 

W1AAZ p. 60, Oct 76 

Product detector, hot-carrier diode 

VE3GFN p. 12, Oct 69 

Radio-direction finder 

W6JTT p. 38, Mar 70 

Radio-frequency interference 

WA3NFW p. 30, Mar 73 

Radiotelegraph translator and transcriber 

W7CUU, K7KFA p. 8, Nov 71 

Eliminating the matrix 

KH6AP p. 60, May 72 

Receiver spurious response 

Anderson p. 82, Nov 77 

Receivers — some problems and cures 

WB0JGP, K8RRH p. 10, Dec 77 

Receiving RTTY, automatic frequency 
control for 

W5NPO p. 50, Sep 71 

Reciprocating detector as fm discriminator 

W1SNN p. 18, Mar 73 

Reciprocating-detector converter 

W1SNN p. 58, Sep 74 

Resurrecting old receivers 

K4IPV p. 52, Dec 76 

Rf-agc amplifier, high-performance 

WA1FRJ p. 64, Sep 78 

Rf amplifiers for communications receivers 

Moore p. 42, Sep 74 

Rf amplifiers, isolating parallel currents in 

G3IPV p. 40, Feb 77 

Rf amplifier, wideband 

WB4KSS p. 58, Apr 75 

Selectivity and gain control, improved 

VE3GFN p. 71, Nov 77 

Selectivity, receiver (letter) 

K4ZZV p. 68, Jan 74 

Sensitivity, noise figure and dynamic range 

W1DTY p. 8, Oct 75 

Signals, how many does a receiver see? 

DJ2LR p. 58, Jun 77 

Comments p. 101, Sep 77 

S meters, solid-state 

K6SDX p. 20, Mar 75 

Spectrum analyzer, four channel 

W9IA p. 6, Oct 72 

Squelch, audio-actuated 

K4MOG p. 52, Apr 72 

Ssb signals, monitoring 

W6VFR p. 36, Mar 72 
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Superhet tracking calculations 

WA5SNZ p. 30, Oct 78 

Sup*rregenerative detector, optimizing 

Ring p. 32, Jul 72 

Superregenerative receiver, improved 

JA1BHG p. 48. Dec 70 

7hreshold-gate/limiter for CW reception 

W2EIV p. 46, Jan 72 

Added notes (letter) 

W2ELV p. 59, May 72 

Troubleshooting the dead receiver 

K4IPV p. 56, Jun 76 

Vacuum-tube receivers, updating 

W6HPH p. 62, Dec 78 

Vlf converter (HN) 

W3CPU p. 69, Jul 76 

Weak signal reception in CW receivers 

ZS6BT p. 44, Nov 71 

WWV receiver, five-frequency 

W6GXN p. 36, Jul 76 

high-frequency receivers 

Bandpass filters for receiver preselectors 

W7ZOI p, 18. Feb 75 

Bandpass tuning, electronic, in the Drake R-4C 
Horner p. 58, Oct 73 

BC 1206 for 7 MHz, converted 

W4FIN p. 30, Oct 70 

Short circuit p. 72, Apr 71 

Collins receivers, 300-Hz crystal filter for 

W1DTY p. 58, Sep 75 

Collins receivers (letter) 

G3UFZ p. 90, Jan 78 

Collins 75A4 hints (HN) 

W6VFR p. 68, Apr 72 

Collins 75A-4 modifications (HN) 

W4SD p. 67, Jan 71 

Communications receiver, five band 

K6SDX p. 6, Jun 72 

Communications receiver for 80 
meters, 1C 

VE3ELP p. 6, Jul 71 

Communications receiver, micropower 

WB9FHC p. 30. Jun 73 

Short circuit p. 58, Dec 73 

Communications receivers, miniature 
design ideas for 

K4DHC p 18, Apr 76 

Communications receiver, miniaturized 

K4DHC p. 24, Sep 74 

Communications receiver, optimum design for 
DJ2LR p. 10, Oct 76 

Communications receiver, solid-state 

I5TDJ p. 32, Oct 75 

Correction p. 59, Dec 75 

Companion receiver, ail-mode 

W1SNN p. 18, Mar 73 

Converter, hf, solid-state 

VE3GFN p. 32, Feb 72 

Converter, tuned very low-frequency 

OH2KT p. 49, Nov 74 

Converter, very low frequency receiving 

W2IMB P- 24, Nov 76 

Crystal-controlled phase-locked converter 

W3VF P- 58, Dec 77 

Digitally programmable high-frequency 
communications receiver 

WA9HUV p. 10. Oct 78 

Direct-conversion receivers 

W3FQJ p. 59, Nov 71 

Direct-conversion receivers 

PA0SE P- 44, Nov 77 

Direct-conversion receivers, improved 
selectivity 

K6BIJ P- 32, Apr 72 

Direct-conversion receivers, 
simple active filters for 

W7ZOI p. 12, Apr 74 

Double-conversion hf receiver with 
mechanical frequency readout 
Perolo p 26, Oct 76 

Fet converter for 10 to 40 meters, second- 
generation 

VE3GFN P- 28. Jan 

Short circuit P- 79, Jun 

Frequency synthesized local-oscillator system 
W7GHM p. 60. Oct 

Frequency synthesizer for the Drake R 4 

W6NBI p- 6, Aug 

Modification (letter) p. 74, Sep 

General coverage communications receiver 
W6URH p. 10, Nov 

Gonset converter, solid-state modification of 
Schuler p. 58, Sep 

Hammarlund HQ215, adding 160-meter 
coverage 

W2GHK P- 32. Jan 

Heath SB-650 frequency display, using 
with other receivers 

K2BYM p. 40, Jun 

High dynamic range receiver input stages 
DJ2LR p. 26. Oct 

High-frequency DX receiver 
WB2ZVU p. 10, Dec 

Incremental tuning to your 
transceiver, adding 

VE3GFN P- 66 . Feb 

Monitoring oscillator 

W2JIO p. 36, Dec 


Multiband high-frequency converter 

K6SDX p. 32. Oct 76 

Outboard receiver with the SB-100, 
using an (HN) 

K4GMR p. 68. Feb 70 

Overload response in the Collins 75A-4 
receiver, improving 

W6ZO p. 42. Apr 70 

Short circuit p. 76, Sep 70 

Phasing-type ssb receiver 

WA0JYK p. 6, Aug 73 

Short circuit p. 58. Dec 73 

Added note (letter) p. 63, Jun 74 

Preamplifier, emitter-tuned, 21 MHz 

WA5SNZ p. 20, Apr 72 

Preamplifier, low-noise high-gain transistor 
W2EEY p. 66, Feb 69 

Preselector, general-coverage (HN) 

W50ZF p. 75, Oct 70 

Q5er, solid-state 

W5TKP p. 20, Aug 69 

Receiver incremental tuning for the 
Swan 350 (HN) 

K1KXA p. 64. Jul 71 

Receiver, reciprocating detector 

W1SNN p. 44, Nov 72 

Correction (letter) p. 77. Dec 72 

Receiver, versatile solid-state 

W1PU p. 10, Jul 70 

Receiving RTTY with Heath SB receivers (HN) 
K9HVW p. 64, Oct 71 

Reciprocating detector 

W1SNN p. 68 . Oct 78 

Rf amplifiers, selective 

K6BIJ p. 58. Feb 72 

Regenerative detectors and a wideband 
amplifier for experimenters 
W8YFB p. 61, Mar 70 

RTTY monitor receiver 

K4EEU p. 27, Dec 72 

RTTY receiver-demodulator for net 
operation 

VE7BRK p. 42. Feb 73 

Swan 350 CW monitor (HN) 

K1KXA p. 63, Jun 72 

Transceiver selectivity improved (HN) 

VE3BWD p. 74, Oct 70 

Tuner overload, eliminating (HN) 

VE3GFN p. 66. Jan 73 

Attenuators for (letter) p. 69, Jan 74 

WWV receiver 

Hudor. Jr, p. 28. Feb 77 

WWV receiver, fixed-tuned 

W6GXN p. 24, Nov 69 

WWV receiver, regenerative 

WA5SNZ p. 42, Apr 73 

WWV receiver, simple (HN) 

WA3JBN p- 68, Jul 70 

Short circuit p. 72, Dec 70 

WWV receiver, simple (HN) 

WA3JBN p. 55. Dec 70 

WWV-WWVH, amateur applications for 

W3FQJ p. 53. Jan 72 

20-meter receiver with digital readout, part 1 
K6SDX p. 48, Oct 77 

20-meter receiver with digital readout, part 2 
K6SDX p. 56, Nov 77 

160-meter receiver, simple 

W6FPO p. 44, Nov 70 

1,9 MHz receiver 

W3TNO p. 6, Dec 69 

7-MHz direct-conversion receiver 

W0YBF p. 16, Jan 77 

7 MHz ssb receiver and transmitter, simple 

VE3GSD p. 6, Mar 74 

Short circuit p. 62, Dec 74 


vhf receivers 
and converters 


70 

WB2EGZ 

p. 41, 

Feb 

71 

70 

Short circuit 

P 96, 

Dec 

71 

78 

Cooled preamplifier for vhf-uhf 



WA0RDX 

p. 36, 

Jul 

72 

72 

Filter-preamplifiers for 50 and 

144 MHz 



etched 

W5KNT 

Fm channel scanner 

p- 6, 

Feb 

71 

74 

77 

W2FPP 

p. 29, 

Aug 

71 

69 

Fm communications receiver, 

modular 



K8AUH 

p. 32. 

Jun 

69 


Correction 

p- 71. 

Jan 

70 

72 

Fm receiver frequency control 

(letter) 



W3AFN 

p. 65, 

Apr 

71 


Fm receiver performance, comparison of 



73 

VE7ABK 

p. 68, Aug 

72 

Fm receiver, multichannel for 

six and two 


75 

W1SNN 

Fm receiver, tunable vhf 

p. 54. 

Feb 

74 

76 

K8AUH 

Fm receiver, uhf 

P- 34, 

Nov 

71 


WA2GCF 

p. 6, 

Nov 

72 

71 

Fm repeaters, receiving system 




degradation in 




72 

K5ZBA 

p. 36, 

May 

69 


HW-17A, perking up (HN) 

WB2EGZ p. 70, Aug 70 

Improving vhf/uhf receivers 

W1JAA p. 44, Mar 76 

Interdigital preamplifier and comb-line 
bandpass filter for vhf and uhf 
W5KHT p. 6. Aug 70 

Interference, scanning receiver (HN) 

K2YAH p. 70. Sep 72 

Monitor receivers, two-meter fm 

WB5EMI p. 34, Apr 74 

Overload problems with vhf converters, 
solving 

WIOOP p. 53, Jan 73 

Receiver alignment techniques, vhf fm 

K4IPV p. 14, Aug 75 

Receiver, modular two-meter fm 

WA2GFB p. 42, Feb 72 

Receiver, vhf fm 

WA2GCF p. 8. Nov 75 

Receiving converter, vhf four-band 

W3TQM p. 64, Oct 76 

Scanning receiver for vhf fm, improved 

WA2GCF p. 26. Nov 74 

Scanning receiver modifications, 
vhf fm (HN) 

WA5WOU p. 60, Feb 74 

Scanning receivers for two-meter fm 

K4IPV p. 28. Aug 74 

Six-meter converter, improved 

K1BQT p. 50, Aug 70 

Squelch-audio amplifier for fm receivers 

WB4WSU p. 68. Sep 74 

Ssb mini-tuner 

K1BQT p. 16, Oct 70 

Terminator, 50-ohm for vhf converters 

WA6UAM p. 26, Feb 77 

Vhf fm receiver (letter) 

K8IHQ p. 76, May 73 

Vhf receiver scanner 

K2LZG p. 22. Feb 73 

Vhf superregenerative receiver, Jow-voltage 

WA5SNZ p. 22. Jul 73 

Short circuit p. 64, Mar 74 

28-30 MHz preamplifier for satellite 
reception 

W1JAA p. 48, Oct 75 

50-MHz preamplifier, improved 

WA2GCF p. 46. Jan 73 

144-MHz converter (HN) 

K0VQY p, 71. Aug 70 

144-MHz converter (letter) 

W0LER p. 71. Oct 71 

144 MHz converter, hot-carrier diode 

K8CJU p. 6. Oct 69 

144-MHz converter, modular 

W6UOV p. 64, Oct 70 

144 MHz converters, choosing fets for (HN) 
K6JYO p. 70. Aug 69 

144-MHz preamp, iow-noise 

W1DTY p. 40. Apr 76 

144-MHz preamp, super (HN) 

K6HCP p. 72, Oct 69 

144-MHz preamplifier, Improved 

WA2GCF p. 25, Mar 72 

Added notes p. 73, Jul 72 

220-MHz mosfet converter 

WB2EGZ p. 28. Jan 69 

Short circuit p. 76, Jul 69 

432-MHz converter, low-noise 

K6JC p. 34. Oct 70 

432 MHz preamp (HN) 

W1DTY P 66, Aug 69 

432 MHz preamplifier and converter 

WA2GCF p. 40, Jul 75 

1296-MHz converter, solid-state 

VK4ZT p. 6, Nov 70 

1296 MHz, double-balanced mixers for 

WA6UAM p. 8, Jul 75 

1296 MHz preamplifier 

WA6UAM p. 42, Oct 75 

1296-MHz preamplifier, low-noise 

WA2VTR p- 50, Jun 71 

Added note (letter) p. 65, Jan 72 

2340-MHz converter, solid-state 

K2JNG, WA2LTM. WA2VTR p. 16, Mar 72 

2304-MHz preamplifier, solid-state 

WA2VTR p. 20, Aug 72 


receivers and converters, 
test and troubleshooting 

Rf and i-f amplifiers, troubleshooting 

Allen p. 60, Sep 70 

Weak-signal source, variable-output 

K6JYO p. 36, Sep 71 

Weak-signal source, 144 and 432 MHz 

K6JC p. 58, Mar 70 


RTTY 

AFSK, digital 

WA4VOS p, 22, Mar 77 

Short circuit p 94, May 77 
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AFSK generator (HN) 

F8KI p. 69, Jul 76 

AFSK generator and demodulator 

WB9ATW p. 26, Sep 77 

AFSK generator, crystal-controlled 

K7BVT p. 13, Jul 72 

AFSK generator, crystal-controlled 

W6LLO p. 14. Dec 73 

Sluggish oscillator (letter) p. 59, Dec 74 

Audio frequency keyer, simple 

W2LTJ p. 56, Aug 75 

Audio-frequency shift keyer 

KH6FMT p. 45, Sep 76 

Audio-frequency shift keyer, simple (C&T) 

W1DTY p. 43, Apr 76 

Audio-shift keyer, continuous-phase 

VE3CTP p. 10, Oct 73 

Short circuit p. 64, Mar 74 

Automatic frequency control for receiving RTTY 
W5NPO p. 50, Sep 71 

Added note (letter) p, 66, Jan 72 

Autostart, digital RTTY 

K4EEU p. 6, Jun 73 

Autostart monitor receiver 

K4EED p. 37, Dec 72 

CRT intensifier for RTTY 

K4VFA p. 18, Jul 71 

Carriage return, adding to the automatic 
line feed generator (HN) 

K4EEU p. 71, Sep 74 

Cleaning teleprinters (HN) 

W8CD p. 86, May 78 

Coherent frequency-shift keying, need for 

K3WJQ p. 30, Jun 74 

Added notes (letter) p. 58, Nov 74 

Crystal test oscillator and signal generator 

K4EEU p. 46, Mar 73 

CW memory for RTTY identification 

W6LLO p. 6, Jan 74 

Digital reperf/TD 

WB9ATW p. 58, Nov 78 

DT-500 demodulator 

K9HVW, K40AH, WB4KUR p. 24, Mar 76 

Short circuit p. 85, Oct 76 

DT-600 demodulator 

K9HVW, K40AH, WB4KUR p. 8, Feb 76 

Letter, K5GZR p. 78, Sep 76 

Short circuit p. 85, Oct 76 

Dual demodulator terminal unit 

WB8ATW p. 74, Oct 78 

Electronic speed conversion for RTTY teleprinters 
WA6JYJ p. 36, Dec 71 

Printed circuit for p, 54, Oct 72 

Electronic teleprinter keyboard 

W0PHY p. 56, Aug 78 

Frequency-shift meter, RTTY 

VK3ZNV p, 53, Jun 70 

Line-end indicator, 1C 

W20K0 p. 22, Nov 75 

Line feed, automatic for RTTY 

K4EEU p. 20, Jan 73 

Mainline ST-5 autostart and antispace 

K2YAH p. 46, Dec 72 

Mainline ST-5 RTTY demodulator 

W6FFC p- 14, Sep 70 

Short circuit p. 72, Oec 70 

Mainline ST-6 RTTY demodulator 

W6FFC p. 6, Jan 71 

Short circuit p. 72, Apr 71 

Mainline ST-6 RTTY demodulator, more 
uses for (letter) 

W6FFC p. 69, Jul 71 

Mainline ST-6 RTTY demodulator, troubleshooting 
W6FFC p. 50, Feb fl 

Message generator, random access memory 
RTTY 

K4EEU p. 8, Jan 75 

Message generator, RTTY 

W60XP, W8KCQ p. 30, Feb 74 

Modulator-demodulator for vhf operation 

W6LLO p. 34, Sep 78 

Monitor scope, phase-shift 

W3CIX p. 36, Aug 72 

Monitor scope, RTTY, Heath 
HO-10 and SB-610 as (HN) 

K9HVW p. 70, Sep 74 

Monitor scope, RTTY, solid-state 

WB2MPZ p. 33, Oct 71 

Performance and signal-to-noise ratio 
of low-frequency shift RTTY 
K6SR p, 62, Dec 76 

Phase-locked loop AFSK generator 

K7ZOF p. 27, Mar 73 

Phase-locked loop RTTY terminal unit 

W4FQM p. 8, Jan 72 

Correction p. 60, May 72 

Power supply for p. 60, Jul 74 

Optimization of the phase- 

locked terminal unit p. 22, Sep 75 

Update, W4AYV p. 16, Aug 76 

Precise tuning with ssb gear 

W0KD p. 40, Oct 70 

Printed circuit for RTTY speed converter 

W7POG p. 54, Oct 72 

RAM RTTY message generator, increasing 
capacity of (HN) 

F2ES p. 86, Oct 77 


Receiver-demodulator for RTTY net 
operation 

VE7BRK p. 42, Feb 73 

Ribbon re-inkers 

W6FFC p. 30, Jun 72 

RTTY converter, miniature 1C 

K9MRL p. 40, May 69 

Short circuit p. 80, Aug 69 

RTTY distortion: causes and cures 

WB6IMP p. 36, Sep 72 

RTTY for the blind (letter) 

VE7BRK p 76, Aug 72 

RTTY, introduction to 

K6JFP p. 38. Jun 69 

RTTY line-length indicator (HN) 

W2UVF p. 62, Nov 73 

RTTY reception with Heath SB receivers (HN) 
K9HVW p. 64, Oct 71 

Selcom 

K9HVW, WB4KUR, K4EID p. 10, Jun 78 

Serial converter for 8-level teleprinters 

VE3CTP p. 67, Aug 77 

Short circuit p. 68 , Dec 77 

Signal Generator, RTTY 

W7ZTC p. 23. Mar 71 

Short circuit p. 96, Dec 71 

Simple circuit replaces jack patch panel 

K4STE p. 25, Apr 76 

Speed control, electronic, for RTTY 

W3VF p. 50, Aug 74 

ST-5 keys polar relay (HN) 

W0LPD p, 72, May 74 

Swan 350 and 400 equipment on RTTY (HN) 
WB2MIC p. 67, Aug 69 

Synchrophase afsk oscillator 

W6FOO p. 30, Dec 70 

Synchrophase RTTY reception 

W6FOO p. 38, Nov 70 

Tape editor 

W3EAG p. 32, Jun 77 

Teleprinters, new look in 

W6JTT p. 38, Jul 70 

Terminal unit, phase-locked loop 

W4FQM p. 8, Jan 72 

Correction p, 60, May 72 

Terminal unit, phase-locked loop 

W4AYV p. 36, Feb 75 

Terminal unit, variable-shift RTTY 

W3VF p. 16, Nov 73 

Test generator, RTTY 

WB9ATW p. 64, Jan 78 

Test generator, RTTY (HN) 

W3EAG p. 67, Jan 73 

Test generator, RTTY (HN) 

W3EAG p. 59, Mar 73 

Test-message generator, RTTY 

K9GSC, K9PKQ p. 30, Nov 76 

Time/date printout 

W0LZT p. 18, Jun 76 

Short circuit p. 68 , Dec 77 

Voltage supply, precision for 

phase-locked terminal unit (HN) 

WA6TLA p, 60, Jul 74 


satellites 


Amsat-Oscar D 

W3PK, G3ZCZ p. 16, Apr 78 

Antenna control, automatic azimuth/elevation 
for satellite communications 
WA3HLT p. 26, Jan 75 

Correction p. 58, Dec 75 

Antenna, simple satellite (HN) 

WA6PXY p. 59, Feb 75 

Antennas, simple, for satellite 
communications 

K4GSX p. 24, May 74 

Az-el antenna mount for satellite 
communications 

W2LX p. 34, Mar 75 

Calcu-puter, OSCAR 

W9CGI p. 34, Dec 78 

Circularly-polarized ground-plane 

antenna for satellite communications 
K4GSX p. 28, Dec 74 

Communications, first step to satellite 

K1MTA p. 52, Nov 72 

Added notes (letter) p. 73, Apr 73 

Future of the amateur satellite service 

K2UBC p. 32, Aug 77 

Medical data relay via Oscar 

K7RGE p. 67, Apr 77 

Oscar antenna (CAT) 

W1DTY p, 50, Jun 76 

Oscar antenna, mobile (HN) 

W60AL p. 67, May 76 

Oscar az-el antenna system 

WA1NXP p. 70, May 78 

Oscar tracking program, HP-65 
calculator (letters) 

WA3THD p. 71, Jan 76 

Oscar 7, communications techniques for 

G3ZCZ p. 6 , Apr 74 

Programming for automated satellite 
communication 

KP4MD p. 68, Jun 78 

Receiving preamplifier for OSCAR 8 Mode J 

K1RX and Puglia p, 20, Jun 78 


Satellite tracking — pointing and 
range with with a pocket calculator 
Ball, John A. p. 40, Feb 78 

Signal polarization, satellite 

KH6IJ p. 6, Dec 72 

Tracking the OSCAR satellites 

Harmon, WA6UAP p. 18, Sep 77 

28-30 MHz preamplifier for satellite 
reception 

W1JAA p. 48, Oct 75 

432-MHz OSCAR antenna (HN) 

W1JAA p. 58, Jul 75 

semiconductors 

Antenna bearings for geostationary 
satellites, calculating 

N6TX p. 67, May 78 

Antenna switch for meters, solid-state 

K2ZSQ p. 48, May 69 

Avalanche transistor circuits 

W4NVK p. 22. Dec 70 

Charge flow in semiconductors 

WB6BIH p. 50. Apr 71 

Converting a vacuum-tube receiver to 
solid-state 

WIOOP p. 26, Feb 69 

Short circuit p. 76, Jul 69 

Diodes, evaluating 

W5JJ p. 52. Dec 71 

Dynamic transistor tester (HN) 

VE7ABK p. 65, Oct 71 

European semiconductor numbering system (C&T) 
W1DTY p. 42, Apr 76 

Fet bias problems simplified 

WA5SNZ p. 50, Mar 74 

Fet biasing 

W3FQJ p. 61. Nov 72 

Fetrons, solid-state replacements for tubes 

W1DTY p, 4. Aug 72 

Added notes p. 66, Oct 73; p. 62, Jun 74 
Frequency multipliers 

W6GXN p. 6, Aug 71 

Frequency multipliers, transistor 

W6AJF p. 49, Jun 70 

GaAs field-effect transistors, introduction 

WA2ZZF p. 74, Jan 78 

Glass semiconductors 

W1EZT p. 54, Jul 69 

Grid-dip oscillator, solid-state conversion of 
W6AJZ p. 20, Jun 70 

Heatsink problems, how to solve transistor 

WA5SNZ p. 46, Jan 74 

Impulse generator, snap diode 

Siegal, Turner p. 29, Oct 72 

Injection lasers, high power 

Mims p. 28, Sep 71 

injection lasers (letter) 

Mims p. 64, Apr 71 

Linear power amplifier, high power solid-state 
Chambers p. 6, Aug 74 

Linear transistor amplifier 

W3FQJ p. 59, Sep 71 

Matching techniques, broadband, for 
transistor rf amplifiers 

WA7WHZ p. 30, Jan 77 

Microwave amplifier design, solid state 

WA6UAM p. 40, Oct 76 

Mobile converter, solid-state modification of 
Schuler p. 58, Sep 69 

Mosfet circuits 

W3FQJ p. 50, Feb 75 

Mosfet power amplifier, 160 - 6 meters 

WA1WLW p. 12, Nov 78 

Mosfet transistors (HN) 

WB2EGZ p. 72, Aug 69 

Mospower fet (letter) 

W3QQM p. 110, Mar 78 

Motorola fets (letter) 

W1CER p. 64, Apr 71 

Neutralizing small-signal amplifiers 

WA4WDK p. 40, Sep 70 

Noise, zener-diode (HN) 

VE7ABK p. 59, Jun 75 

Parasitic oscillations in high-power 
transistor rf amplifiers 

W0KGI p. 54, Sep 70 

Pentode replacement (HN) 

W1DTY p. 70, Feb 70 

Power dissipation ratings of transistors 

WN9CGW p. 56, Jun 71 

Power fets 

W3FQJ p. 34, Apr 71 

Power transistors, parallelling (HN) 

WA5EKA p. 62, Jan 72 

Protecting solid-state devices from 
voltage transients 

WB5DEP p. 74, Jun 78 

Relay, transistor replaces (HN) 

W3NK p. 72, Jan 70 

Rf power detecting devices 

K6JYO p. 28, Jun 70 

Rf power transistors, how to use 

WA7KRE p. 8 , Jan 70 

Snap diode impulse generator 

Siegal, Turner p. 29, Oct 72 

Surplus transistors, identifying 

W2FPP p. 38, Dec 70 
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Switching inductive loads with 
solid-state devices (HN) 

WA6ROC p. 99, Jur 

Thyristors, introduction to 

WA7KRE p. 54, Oc 

Transconductance tester for field-effect 
transistors 

W6NBI p. 44, Sep 

Transistor amplifiers, tabulated 
characteristics of 

W5JJ p. 30, Mai 

Transistor and diode tester 

ZL2AMJ p. 65, No\ 

Transistor breakdown voltages 

WA5EKA p. 44, Fet 

Transistors for vhf transmitters (HN) 

WIOOP p. 74, Sep 

Transistor testing 

Allen p. 62, Ju 

Trapatt diodes (letter) 

WA7NLA p. 72, Ap 

Vfo transistors (HN) 

WIOOP p. 74, No\ 

Y parameters in rf design, using 

WA0TCU p. 46, Ju 

Zener tester, Low voltage (HN) 

K3DPJ p. 72, No> 

single sideband 

Balanced modulator, integrated-circuit 

K7QWR p. 6, Sep 

Balanced modulators, dual fet 

W3FQJ p. 63, Oc 

Communications receiver, phasing-type 

WA0JYK P- 6, Auj 

Detector, ssb, 1C (HN) 

K40DS p. 67, De< 

Correction p. 72, Ap 

Double-balanced modulator, broadband 

WA6NCT p. 8, Ma 

Electronic bias switching for linear 
amplifiers 

W6VFR p. 50, Ma 

Filters, ssb (HN) 

K6KA p. 63, No’ 

Frequency dividers for ssb 

W7BZ p. 24, De< 

Hang age circuit for ssb and CW 

W1ERJ p. 50, Sei 

Intermittent voice operation of power tubes 
W6SAI p. 24, Jai 

Intermodulation-distortion measurements 
on ssb transmitters 

W6VFR p. 34, Sei 

Linear amplifier, five-band conduction- 
cooled 

W9KIT p- 6, Ju 

Linear amplifier, five-band kilowatt 

W40Q p. 14, Jai 

Improved operation (letter) p. 59, De 

Linear amplifier, homebrew five-band 

W7IV p. 30, Ma 

Linear amplifier performance, improving 
W4PSJ P 68, Oc 

Linear amplifier, 100-watt 

W6WR P- 28, De< 

Linear, five-band hf 

W7DI P- 6, Ma 

Linear for 80-10 meters, high-power 

W6HHN P- 56, Ap 

Short circuit p. 96, De< 

Linearity meter for ssb amplifiers 

W4MB p. 40, Jui 

Linears, three bands with two (HN) 

W4NJF p. 70, No 

Minituner, ssb 

K1BQT p. 16, Oc 

Modifying the Heath SB-200 amplifier 
for the new 8873 zero-bias triode 
W6UOV p. 32, Jai 

Peak envelope power, how to measure 

W5JJ p. 32, No 

Phase-shift networks, design criteria for 
G3NRW p. 34, Ju 

Power supplies for ssb 

Belt p. 38, Fe 

Precise tuning with ssb gear 

W0KD p. 40, Oc 

Pre-emphasis for ssb transmitters 

OH2CD p. 38, Fe 

Rating tubes for linear amplifier service 
W6UOV, W6SAI p. 50, Ma 

Rf clipper for the Collins S-line 

K6JYO p. 18, Au, 

Letter p. 68, De 

Rf speech processor, ssb 

W2MB p, 18, Sei 

Sideband location (HN) 

K6KA p- 62. Au 

Solid-state circuits for ssb 

Belt P- 18, Ja 

Solid-state transmitting converter for 
144-MHz ssb 

W6NBI p. 6, Fe 

Short circuit p. 62, De 

Speech process, logarithmic 

WA3FIY p. 38. Ja 



Speech clipper, 1C 





K6HTM 

p. 18, 

Feb 

73 

78 

Added notes (letter) 

Speech clipper, rf, construction 

p. 64, 

Oct 

73 

70 

G6XN 

p. 12, 

Dec 

72 


Speech clippers, rf, performance of 




G6XN 

p. 26, 

Nov 

72 

71 

Added notes p. 58, Aug 73; 

Speech clipping 

p. 72, 

Sep 

74 

71 

K6KA 

p. 24, 

Apr 

69 

Speech clipping in single-sideband 

equipment 


70 

K1YZW 

P- 22, 

Feb 

71 

Speech processing, principles of 




75 

ZL1BN 

P- 28, 

Feb 

75 

Added notes p. 75, May 75; 

Speech processor for ssb 

p. 64, 

Nov 

75 

69 

K6PHT 

Speech processor, ssb 

p. 22. 

Apr 

70 

70 

VK9GN 

p. 31, 

Dec 

71 

72 

Speech splatter on single sideband 



W4MB 

Ssb generator, phasing-type 

P- 28, 

Sep 

75 

69 

W7CMJ 

P- 22, 

Apr 

73 

72 

Added comments (letter) 

Ssb generator, 9-MHz 

p. 65, 

Nov 

73 

69 

W9KIT 

Ssb phasing techniques, review 

p. 6. 

Dec 

70 


VK2ZTB 

p. 52, 

Jan 

78 


Ssb phasing techniques, review (letter) 




WB9YEM 

Phasing networks (letter) 

P 82, 

Aug 

78 

70 

W2ESH 

Ssb transceiver, 1C, for 80 meters 

p. 6, 

Nov 

78 

71 

VE3GSD 

Switching and linear amplification 

p. 48, 

Apr 

76 

73 

W3FQJ 

P 61, 

Oct 

71 

Syllabic vox system for Drake equipment 



72 

W6RM 

p. 24, 

Aug 

76 

Transceiver, high-frequency with digital readout 

73 

DJ2LR 

p. 12, 

Mar 

78 

70 

Transceiver, miniature 7-MHz 
W7BBX 

Transceiver, single-band ssb 

p. 16, 

Jul 

74 


75 

W1DTY 

Transceiver, ssb, 1C 

p. 8, 

Jun 

69 

73 

G3ZVC 

p. 34, 

Aug 

74 

Circuit change (letter) 
Transceiver, ssb, using LM373 1C 

p. 62. 

Sep 

75 

71 

W5BAA 

p. 32, 

Nov 

73 

72 

Transceiver, 3.5-MHz ssb 

VE6ABX 

Transmitter alignment 

p. 6, 

Mar 

73 

71 

Allen 

P. 62, 

Oct 

69 


Transmitter and receiver for 40 meters, ssb 


74 

VE3GSD 

p. 6, 

Mar 

74 

Short circuit 

Transmitter, phasing type ssb 

p. 62, 

Dec 

74 


72 

WA0JYK 

P- 8, 

Jun 

75 

Transmitting mixers, 6 and 2 meters 



74 

K2ISP 

P- 8, 

Apr 

69 

Transverter, low-power, high-frequency 



74 

70 

W0RBR 

Trapezoidal monitor scope 

P 12, 

Dec 

78 

VE3CUS 

TTL ICs, using >n ssb equipment 

P 22, 

Dec 

69 

71 

G4ADJ 

Tuning up ssb transmitters 

p. 18, 

Nov 

75 

75 

Allen 

Two-tone oscillator for ssb testing 

P 62, 

Nov 

69 

72 

W6GXN 

P- 11, 

Apr 

72 

71 

Vacuum tubes, using odd-ball types in 



linear amplifier service 




71 

W5JJ 

p. 58, 

Sep 

72 

76 

Vhf, uhf transverter, input source 

for (HN) 


F8MK 

Vox, versatile 

p. 69, 

Sep 

70 

69 

W9KIT 

p. 50, 

Jul 

71 

70 

Short circuit 

144-MHz linear, 2kW 

p. 96, 

Dec 

71 

71 

W6UOV, W6ZO, K6DC 

144-MHz low-drive kilowatt linear 

p. 26, 

Apr 

70 

W6HHN 

144-MHz transverter, the TR-144 

P- 26, 

Jul 

70 

74 

K1RAK 

432 MHz rf power amplifier 

P- 24, 

Feb 

72 

70 

K6JC 

432-MHz ssb converter 

p. 40. 

Apr 

70 

69 

K6JC 

p. 48, 

Jan 

70 

70 

Short circuit 

p. 79, 

Jun 

70 

432-MHz ssb, practical approach to 



72 

WA2FSQ 

1296-MHz ssb transceiver 

p. 6, 

Jun 

71 

71 

WA6UAM 

p. 8, 

Sep 

74 

71 





71 

television 




73 






Broadcast quality television camera 



73 

WA8RMC 

Callsign generator 

P- 10, 

Jan 

78 

69 

WB2CPA 

Camera and monitor, sstv 

p. 34, 

Feb 

77 


VE3EGO, Watson 

p. 38, 

Apr 

69 

74 

Caption device for SSTV 




74 

G3LTZ 

Color tv, slow-scan 

p- 61, 

, Jul 

77 

70 

W4UMF, WB8DQT 

p. 59, 

Dec 

69 


Computer, processing, sstv pictures 

W4UMF p. 30, Jul 70 

Fast-scan camera converter for sstv 

WA9UHV p. 22, Jul 74 

Fast* to slow-scan conversion, tv 

W3EFG, W3YZC p, 32. Jul 71 

Frequency selective and sensitivity- 
controlled sstv preamp 

DKIBF p. 36, Nov 75 

Interlaced sync generator for ATV camera control 
WA8RMC p. 10, Sep 77 

Slow-scan television 

WA2EMC p, 52, Dec 69 

Slow to-fast-scan television converters, 
an introduction 

K4TWJ p. 44, Aug 76 

Sync generator for black-and-white 525-line TV 

K4EEU p. 79, Jul 77 

Sync generator, 1C, for ATV 

W0KGI p. 34, Jul 75 

Synch generator, sstv (letter) 

W1IA p. 73, Apr 73 

Television DX 

WA9RAQ p. 30, Aug 73 

Test generator, sstv 

K4EEU p. 6, Jul 73 

Vestigial sideband microtransmitter 
for amateur television 

WA6UAM p. 20, Feb 76 

Short circuit p. 94, May 77 

50 years of television 

W1DTY, K4TWJ p. 36, Feb 76 

Letter, WA6JFP p. 77, Sep 76 


transmitters and 
power amplifiers 
general 

Amplitude modulation, a different approach 
WA5SNZ p. 50, Feb 70 

Batteries, how to select for portable 
equipment 

WA0AIK p. 40, Aug 73 

Blower maintenance (HN) 

W6NIF p. 71, Feb 71 

Blower-to-chassis adapter (HN) 

K6JYO p. 73, Feb 71 

Digital readout, universal 

W88IFM p. 34, Dec 78 

Digital vfo basics 

Earnshaw p. 18, Nov 78 

Efficiency of linear power amplifiers, 
how to compare 

W5JJ p. 64, Jul 73 

Electronic bias switching for linear 
amplifiers 

W6VFR p. 50, Mar 75 

Fail-safe timer, transmitter (HN) 

K9HVW p, 72, Oct 74 

Filter converter, an up/down 

W5DA p. 20, Dec 77 

Filters, ssb (HN) 

K6KA p. 63, Nov 73 

Frequency multipliers 

W6GXN p. 6, Aug 71 

High-voltage fuses in linear amplifiers (HN) 

K9MM p. 76, Feb 78 

Intermittent voice operation of power 
tubes 

W6SAI p. 24, Jan 71 

Key and vox clicks (HN) 

K6KA p. 74, Aug 72 

Lowpass filters for solid-state linear amplifiers 
WA0JYK p. 38, Mar 74 

Short circuit p. 62, Dec 74 

Matching techniques, broadband, for 
transistor rf amplifiers 

WA7WHZ p. 30, Jan 77 

Multiple tubes in parallel grounding grid (HN) 
W7CSD p. 60, Aug 71 

National NCX-500 modification for 15 meters (HN) 
WA1KYO p. 87, Oct 77 

Networks, transmitter matching 

W6FFC p. 6, Jan 73 

Neutralizing tip (HN) 

ZE6JP p. 69, Dec 72 

Parasitic oscillations in high-power 
transistor rf amplifiers 

W0KGI p. 54, Sep 70 

Parasitic suppressor (HN) 

WA9JMY p. 80, Apr 70 

Pi network design 

Anderson, Leonard H. p. 36, Mar 78 

Pi network design aid 

W6NIF p. 62, May 74 

Correction (tetter) p. 58, Dec 74 

Pi-network design, high-frequency 
power amplifier 

W6FFC p, 6, Sep 72 

Pi networks (letter) 

W6NIF p. 6, Oct 78 

Pi-network inductors (letter) 

W7IV p. 78, Dec 72 
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p. 98, Jun 78 
p. 42, Oct 71 


Pi-network rf choke (HN) 

W6KNE 

Pi networks, series tuned 
W2EGH 

Power attenuator, all-band 10-dB 

K1CCL p. 68, Apr 70 

Power fets 

W3FQJ p. 34, Apr 71 

Power tube open filament pins (HN) 

W9KNI p, 69, Apr 75 

Pre-emphasis for ssb transmitters 

OH2CD p. 38, Feb 72 

Relay activator (HN) 

K6KA p. 62, Sep 71 

Rf leakage from your transmitter, preventing 
K9MM p. 44, Jun 78 

Rf power amplifiers, high-efficiency 

WB8LQK p, 8, Oct 74 

Rf power transistors, how to use 

WA7KRE p. 8, Jan 70 

Sstv reporting system 

W86ZYE p. 78, Sep 76 

Step-start circuit, high voltage (HN) 

W6VFR p. 64. Sep 71 

Swr alarm circuits 

W2EEY p. 73. Apr 70 

Temperature alarms for high-power amplifiers 
W2EEY p. 48, Jul 70 

Transmitter power levels, some 
observations regarding 

WA5SNZ p. 62, Apr 71 

Transmitter, remote keying (HN) 

WA3HDU p. 74, Oct 69 

Transmitter-tuning unit for the blind 

W9NTP p. 60. Jun 71 

Vacuum tubes, using odd-ball types in 
linear amplifiers 

W5JJ p. 58, Sep 72 

Vfo, digital readout 

WB8IFM p. 14, Jan 73 


high-frequency 

transmitters 


ART-13, Modifying for noiseless CW (HN) 

K5GKN p. 68, Aug 69 

CW transceiver for 40 and 80 meters 

W3NNL, K3OI0 p. 14, Jul 69 

CW transceiver for 40 and 80 meters, improved 

W3NNL p. 18, Jul 77 

CW transceiver, low-power 20 meter 

W7ZOI p. 8, Nov 74 

CW transmitter, half-watt 

K0VQY p. 69, Nov 69 

Driver and final for 40 and 80 meters, 
solid-state 

W3QBO p. 20, Feb 72 

Electronic bias switch for negatively-biased 
power amplifiers 

WA5KPG p. 27, Nov 76 

Field-effect transistor transmitters 

K2BLA p. 30, Feb 71 

Filters, low-pass for 10 and 15 meters 

W2EEY P- 42, Jan 72 

Five-band transmitter, hf, solid-state 

I5TDJ p. 24, Apr 77 

Frequency synthesizer, high frequency 

K2BLA p. 16, Oct 72 

Grounded-grid 2 kW PEP amplifier, 
high frequency 

W6SAI p. 6, Feb 69 

Heath HW-101 transceiver, using with 
a separate receiver (HN) 

WA1MKP p. 63, Oct 73 

Linear amplifier, five-band 

W7IV p. 30, Mar 70 

Linear amplifier, five-band conduction-cooled 
W9KIT p. 6, Jul 72 

Linear amplifier performance, improving 

W4PSJ p. 68, Oct 71 

Linear amplifier, 100-watt 

W6WR p. 28, Dec 75 

Linear amplifiers, modifying for full 
break-in operation 

K4XU p. 38, Apr 78 

Linear, five-band hf 

W7DI p. 6, Mar 72 

Linear, five-band kilowatt 

W40Q p. 14, Jan 74 

improved operation (fetter) p. 59, Dec 74 

Linear for 80-10 meters, high-power 

W6HHN p. 56, Apr 71 

Short circuit p. 96, Dec 71 

Linear power amplifier, high-power 
solid-state 

Chambers p. 6, Aug 74 

Linears, three bands with two (HN) 

W4NJF p. 70, Nov 69 

Lowpass filter, high frequency 

W20LU p. 24, Mar 75 

Short circuit p. 59, Jun 75 

Modifying the Heath SB-200 amplifier for 
the new 8873 zero-bias triode 
W6UOV p. 32, Jan 71 

Mosfet power amplifier, for 160 - 6 meters 

WA1WLW p. 12. Nov 78 


Phase-locked loop, 28 MHz 

W1KNI p. 40, Jan 73 

QRP fet transmitter. 80-meter 

W3FQJ p. 50, Aug 75 

Ssb transceiver, miniature 7-MHz 

W7BBX p 16, Jul 74 

Ssb transceiver using LM373 1C 

W5BAA p. 32, Nov 73 

Ssb transceiver, 9-MHz, 1C 

G3ZVC p. 34, Aug 74 

Circuit change (letter) p. 62, Sep 75 

Ssb transmitter and receiver, 40 meters 

VE3GSD p. 6, Mar 74 

Short circuit p, 62, Dec 74 

Ssb transmitter, phasing type 

WA0JYK p. 8, Jun 75 

Tank circuit, inductively-tuned high-frequency 
W6SAI p. 6, Jul 70 

Transceiver, high-frequency with digital readout 
DJ2LR p. 12, Mar 78 

Transceiver, single band ssb 

W1DTY p. 8, Jun 69 

Transceiver. 3.5-MHz ssb 

VE6ABX p. 6, Mar 73 

Transmitter, five-band, CW and ssb 

WN3WTG p. 34, Jan 77 

Transmitter, low-power 

W6NIF p. 26, Dec 70 

Transmitter, universal flea-power 

K2ZSQ p. 58, Apr 69 

Transverter, low-power, high-frequency 

WA0RBR p. 12, Dec 78 

Wideband linear amplifier, 4 watt 

VE5FP p. 42, Jan 76 

3-400Z, 3-500Z filament circuits, notes on 

K9WEH p. 66 , Apr 76 

7-MHz QRP CW transmitter 

WA4MTH p, 26, Dec 76 

14-MHz vfo transmitter, solid-state 

W3QBO p. 6, Nov 73 

160-meters, 500-watt power amplifier 

W2BP p. 8, Aug 75 


vhf and uhf transmitters 

Fm repeater transmitter, improving 

W6GOO p. 24, Oct 69 

Linear for 2 meters 

W4KAE p. 47. Jan 69 

Phase-locked loop, 50 MHz 

W1KNI p. 40, Jan 73 

Transistors for vhf transmitters (HN) 

WIOOP p. 74, Sep 69 

Transmitter, flea power 

K2ZSQ p. 58, Apr 69 

Transmitting mixers for 6 and 2 meters 

K2ISP p. 8, Apr 69 

Transverter for 6 meters 

WA9IGU p. 44, Jul 69 

Vhf linear, 2kW. design data for 

W6UOV p. 6, Mar 69 

10-GHz transceiver for amateur 
microwave communications 
DJ700 p. 10, Aug 78 

30-MHz preamplifier, low-noise 

W1HR p. 38, Oct 78 

50-MHz kilowatt, inductively tuned 

K1DPP p. 8, Sep 75 

50-MHz linear amplifier 

K1RAK p. 38, Nov 71 

50-MHz linear amplifier, 2-kW 

W6UOV p. 16, Feb 71 

50-MHz linear, inductively tuned 

W6SAI p. 6, Jul 70 

50-MHz transverter 

K1RAK p. 12, Mar 71 

50/144-MHz multimode transmitter 

K2ISP p. 28, Sep 70 

144-MHz fm transmitter 

W9SEK p. 6, Apr 72 

144-MHz fm transmitter, solid-state 

W6AJF p. 14, Jul 71 

144-MHz fm transmitter, Sonobaby 

WA0UZO p. 8, Oct 71 

Short circuit p. 96, Dec 71 

Crystal deck for p. 26, Oct 72 

144-MHz low-drive kilowatt linear 

W6HHN p. 26, Jul 70 

144-MHz low-power solid-state transmitter 

K0VQY p. 52, Mar 70 

144-MHz phase-modulated transmitter 

W6AJF p. 18, Feb 70 

144-MHz power amplifier, high performance 
W6UOV p. 22, Aug 71 

144-MHz power amplifier, 10-watt solid-state 
W1DTY p. 67, Jan 74 

144-MHz rf power amplifiers, solid state 

W4CGC p. 6, Apr 73 

144-MHz transmitting converter, solid-state ssb 
W6NBI p. 6, Feb 74 

Short circuit p. 62, Dec 74 

144-MHz transceiver, a-m 

K1AOB p. 55, Dec 71 

144-MHz two-kilowatt linear 

W6UOV, W6ZO, K6DC p. 26, Apr 70 


144- and 432- stripline amplifier/tripler 

K2RIW p. 6, Feb 70 

220-MHz exciter 

W86DJV p. 50, Nov 71 

220-MHz power amplifier 

W6UOV p. 44, Dec 71 

220-MHz, rf power amplifier for 

WB6DJV p. 44, Jan 71 

220-MHz rf power amplifier, vhf fm 

K7JUE p. 6, Sep 73 

432-MHz exciter, solid-state 

WIOOP p. 38, Oct 69 

432-MHz rf power amplifier 

K6JC p. 40, Apr 70 

432-MHz solid-state linear amplifier 

WB6QXF p. 30, Aug 75 

432-MHz ssb converter 

K6JC p. 48, Jan 70 

Short circuit p. 79, Jun 70 

432-MHz 100-watt solid-state power amplifier 
WA7CNP p. 36, Sep 75 

1296-MHz frequency tripler 

K4SUM, W4API p. 40, Sep 69 

1296-MHz power amplifier 
W2COH, W2CCY, W20J, 

W1MU p. 43, Mar 70 

2304-MHz power amplifier 

WA9HUV p. 8. Feb 75 

transmitters and 
power amplifiers, 
test and troubleshooting 

Ssb transmitter alignment 

Allen p. 62, Oct 69 

Tuning up ssb transmitters 

Allen p. 62, Nov 69 


troubleshooting 

Analyzing wrong dc voltages 

Allen p. 54, Feb 69 

Audio distortion, curing in speech 
amplifiers 

Alien p. 42, Aug 70 

Basic troubleshooting 

James p. 54, Jan 76 

Dc-dc converters, curing trouble in 

Allen p, 56. Jun 70 

Logic circuits, troubleshooting 

W8GRG p, 56, Feb 77 

Mobile power supplies, troubleshooting 

Allen p. 56, Jun 70 

Ohmmeter troubleshooting 

Allen p. 52, Jan 69 

Oscillators, repairing 

Allen p. 69, Mar 70 

Oscillator troubleshooting (repair bench) 

K4IPV p. 54, Mar 77 

Oscilloscope, putting to work 

Allen p. 64, Sep 69 

Oscilloscope, troubleshooting amateur 
gear with 

Allen p. 52, Aug 69 

Power supply, troubleshooting 

K4IPV p. 78, Sep 77 

Receiver alignment techniques, vhf fm 

K4IPV p. 14, Aug 75 

Receivers, troubleshooting the dead 

K4IPV p. 56, Jun 76 

Resistance measurement, troubleshooting by 
James p. 58, Apr 76 

Rf and i-f amplifiers, troubleshooting 

Allen p, 60, Sep 70 

Speech amplifiers, curing distortion 

Allen p. 42, Aug 70 

Ssb transmitter alignment 

Allen p. 62, Oct 69 

Sweep generator, how to use 

Allen p. 60, Apr 70 

Transistor circuits, troubleshooting 

K4IPV p. 60, Sep 76 

Transistor testing 

Allen p. 62, Jul 70 

Tuning up ssb transmitters 

Allen p, 62, Nov 69 

Voltage troubleshooting 

James p. 64, Feb 76 


vhf and microwave 

general 

Artificial radio aurora, vhf 
scattering characteristics 

WB6KAP p. 18, Nov 74 

A-m modulation monitor (HN) 

K7UNL p. 67, Jul 71 

Band change from six to two meters, quick 
K0YQY p. 64, Feb 70 

Bandpass filters, single-pole 

W6HPH p. 51, Sep 69 
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Bandpass filters, 25 to 2500 MHz 

K6RIL P, 46, 

Bypassing, rf, at vhf 

WB6BHI p. 50. 

Cavity filter, 144-MHz 

W1SNN p. 22, 

Short circuit P- 64. 

Coaxial filter, vhf 

W6SAI p. 36. 

Coaxial-line resonators (HN) 

WA7KRE p. 82, 

Coil-winding data, practical vhf and uhf 


p, 46, Sep 69 

p. 50, Jan 72 

p. 22, Dec 73 
p. 64. Mar 74 

p, 36, Aug 71 

p. 82. Apr 70 


K3SVC p. 6, Apr 71 

Effective radiated power (HN) 

VE7CB p. 72, May 73 

Frequency multipliers 

W6GXN p. 6, Aug 71 

Frequency multipliers, transistor 

W6AJF p. 49, Jun 70 

Frequency scaler, 500-MHz 

W6URH p. 32, Jun 75 

Frequency scalers, 1200-MHz 

WB9KEY p. 38. Feb 75 

Frequency synchronization for 
scatter-mode propagation 
K20VS p. 26, Sep 71 

Frequency synthesizer, 220 MHz 

W6GXN p. 8. Dec 74 

GaAs field-effect transistors, introduction 

WA2ZZF p. 74, Jan 78 

Gridded tubes, vhf/uhf effects in 

W6UOV p. 8, Jan 69 

Harmonic generator (HN) 

W5GDQ p. 76, Oct 70 

Impedance bridge (HN) 

W6KZK p. 67, Feb 70 

Improving vhf/uhf receivers 

W1JAA p. 44. Mar 76 

Indicator, sensitive rf 

WB9DNI p. 38, Apr 73 

Klystron cooler, waveguide (HN) 

WA4WDL p. 74, Oct 74 

Lunar-path nomograph 

WA6NCT p. 28, Oct 70 

Microstrip impedance, simple formula for 

W1 HR p. 72, Dec 77 

Microstrip transmission line 

W1HR p, 28, Jan 78 

Microwave bibliography 

W6HDO p. 68, Jan 78 

Microwave communications, amateur 
standards for 

K6HIJ p. 54, Sep 69 

Microwave frequency doubler 

WA4WDL p. 69, Mar 76 

Microwave hybrids and couplers for amateur use 
W2CTK p. 57, Jul 70 

Short circuit p. 72, Dec 70 

Microwave marker generator, 3cm band (HN) 
WA4WDL p. 69, Jun 76 

Microwave path evaluation 

N7DH p. 40, Jan 78 

Microwave rf generators, solid-state 

W1 HR p. 10, Apr 77 

Microwaves, getting started in 

Roubal p. 53, Jun 72 

Microwaves, introduction to 

W1CBY p. 20, Jan 72 

Microwave solid-state amplifier design 

WA6UAM p. 40, Oct 76 

Comment, VK3TK, WA6UAM p. 98, Sep 77 

Noise figure, meaning of 

K6MIO p. 26, Mar 69 

Noise figure measurements, vhf 

WB6NMT p. 36. Jun 72 

Phase-locked loop, tunable 50 MHz 

W1KNI p. 40, Jan 73 

Polaplexer design 

K6MBL p. 40, Mar 77 

Power dividers and hybrids 

W1DAX p. 30, Aug 72 

Proportional temperature control for crystal 
ovens 

VE5FP p. 44, Jan 70 

Radio observatory, vhf 

Ham p. 44, Jul 74 

Reflex klystrons, pogo stick for (HN) 

W6BPK p. 71, Jul 73 

Rf power-detecting devices 

K6JYO p. 28, Jun 70 

Satellite communications 

K1TMA p. 52, Nov 72 

Added notes (letter) p. 73, Apr 73 

Satellite signal polarization 

KH6IJ p. 6, Dec 72 

Solar cycle 20, vhfer’s view of 

WA5IYX p. 46, Dec 74 

Spectrum analyzer, microwave 

WA6UAM p, 54, Aug 77 

Spectrum analyzer microwave 

N6TX p. 34, Jul 78 

Tank circuits, design of vhf 

K7UNL p. 56, Nov 70 

Uhf dummy load, 150-watt 

WB6QXF P- 30, Sep 76 

Uhf hardware (HN) 

W6CMQ p. 76, Oct 70 


p. 26, Sep 71 
p. 8. Dec 74 


p 74, Jan 78 
p. 8, Jan 69 
p. 76, Oct 70 
p. 67, Feb 70 
p. 44. Mar 76 
p. 38, Apr 73 
p. 74, Oct 74 
p. 28, Oct 70 


p. 71, Jul 73 

p. 28, Jun 70 

p. 52, Nov 72 
p. 73, Apr 73 

p, 6, Dec 72 

p. 46, Dec 74 

p. 54, Aug 77 

p. 34, Jul 78 

p. 56, Nov 70 

p. 30, Sep 76 

p. 76, Oct 70 


Vfo, high-stability vhf 

OH2CD p. 27, Jan 72 

Vhf beacons 

K6EDX p. 52, Oct 69 

Vhf beacons 

W3FQJ p. 66, Dec 71 

Vhf circuits, eliminating parallel currents (HN) 
G3IPV p. 91. May 77 

Weak-signal communications 

W4LTU p. 26. Mar 78 

50 MHz bandpass filter 

W4EKO p. 70, Aug 76 

50-MHz frequency synthesizer 

W1KNI p 26, Mar 74 

144-MHz fm frequency meter 

W4JAZ p. 40, Jan 71 

Short circuit p 72, Apr 71 

144-MHz frequency synthesizer 

WB4FPK p. 34, Jul 73 

144-MHz frequency-synthesizer, one- 
crystal 

W0KMV p. 30, Sep 73 

220-MHz frequency synthesizer 

W6GXN p. 8. Dec 74 

432-MHz ssb, practical approach to 

WA2FSQ p. 6, Jun 71 

1296-MHz double-stub tuner 

K6LK p. 70, Dec 78 

1296 MHz microstripline bandpass filters 

WA6UAM p. 46, Dec 75 

1296 MHz microstrip filter, 
improved grounding for 

N6TX p. 60. Aug 78 

2304 MHz stripline bandpass filter 

WA4WDL, WB4LJM p. 50, Apr 77 

vhf and microwave 
antennas 

Circularly-polarized ground-plane 

antenna for satellite communications 
K4GSX p. 28. Dec 74 

Feed horn, cylindrical, for parabolic reflectors 
WA9HUV p. 16, May 76 

Feeding and matching techniques for 
vhf/uhf antennas 

W1JAA p. 54, May 76 

Ground plane, portable vhf (HN) 

K9DHD p. 71, May 73 

Log-periodic yagi beam antenna 

K6RIL, W6SAI p. 8, Jul 69 

Correction p 68, Feb 70 

Matching techniques for vhf/uhf antennas 

W1JAA p. 50, Jul 76 

Microstrip swr bridge, vhf and uhf 

W4CGC p. 22, Dec 72 

Microwave antenna, low-cost 

K6HIJ p. 52, Nov 69 

Oscar az-el antenna system 

WA1NXP p. 70, May 78 

Parabolic reflector antennas 

VK3ATN p. 12, May 74 

Parabolic reflector element spacing 

WA9HUV p. 28. May 75 

Parabolic reflector gain 

W2TQK p. 50, Jul 75 

Parabolic reflector. 16-foot homebrew 


WB6IOM p. 8, Aug 69 

Parabolic reflectors, finding 
focal length of (HN) 

WA4WDL p, 57, Mar 74 

Swr meter 

W6VSV p. 6, Oct 70 

Transmission lines, uhf 

WA2VTR p. 36, May 71 

10 GHz, broadband antenna 

WA4WDL, WB4LJM p. 40, May 77 

10 GHz dielectric antenna (HN) 

WA4WDL p. 80, May 75 

50-MHz antenna coupler 

K1RAK p. 44, Jul 71 

50*MHz collinear beam 

K4ERO P- 59, Nov 69 

50-MHz cubical quad, economy 

W6DOR p. 50, Apr 69 

50-MHz mobile antenna (HN) 

W4PSJ p. 77. Oct 70 . 

144 MHz antenna, % wave vertical 

K6KLO p. 40, Jul 74 

144 MHz antenna, 5 /e-wave vertical, 
build from CB mobile whips 
WB4WSU p. 67, Jun 74 

144-MHz antennas, simple 

WA3NFW p. 30, May 73 

144-MHz antenna switch, solid-state 

K2ZSQ p. 48, May 69 

144-MHz collinear antenna 

W6RJO p. 12, May 72 

144-MHz collinear uses PVC pipe mast (HN) 

K8LLZ p. 66, May 76 

144-MHz four-element collinear array 

WB6KGF p. 6, May 71 

144-MHz ground plane antenna, 0.7 
wavelength 

W3WZA p. 40, Mar 69 


p. 57, Mar 74 
p. 6, Oct 70 
p. 36, May 71 
p. 40, May 77 
p. 80, May 75 
p. 44, Jul 71 
p. 59, Nov 69 
p. 50, Apr 69 
p. 77. Oct 70. 


144-MHz nioonbounce antenna 

K6HCP p. 52. 

144-MHz whip, 5/8-wave (HN) 

VE3DDD p. 70, 

432-MHz corner reflector antenna 

WA2FSQ p. 24, 

432-MHz high-gain Yagi 

K6HCP p. 46, 

Comments, W0PW p. 63, 

432-MHz OSCAR antenna (HN) 

W1JAA p. 58, 

432- and 1296-MHz quad-yagi arrays 
W3AED p. 20, 

Short circuit P- 58, 

440-MHz collinear antenna, four-element 
WA6HTP p. 38, 

1296-MHz antenna, high-gain 

W3AED p. 74. 

1296-MHz Yagi 

W2CQH p. 24, 

1296 MHz Yagi array 

W3AED p. 40, 


vhf and microwave 
receivers and converters 

Audio filter, tunable, for weak-signal 
communications 

K6HCP p. 28, Nov 75 

Calculating preamplifier gam from 
noise-figure measurements 
N6TX p. 30, Nov 77 

Cooled preamplifier for vhf-uhf reception 

WA0RDX p. 36, Jul 72 

Double-balanced mixers, circuit packaging for 
WA6UAM p. 41, Sep 77 

Interdigital preamplifier and comb-line 
bandpass filter for vhf and uhf 
W6KHT p. 6. Aug 70 

Microwave amplifier design, solid state 

WA6UAM p. 40, Oct 76 

Microwave mixer, new 

WA0RDX p. 84, Oct 78 

Noise figure, sensitivity and dynamic range 

W1DTY p, 8, Oct 75 

Noise figure, vhf, estimating 

WA9HUV p. 42, Jun 75 

Overload problems with vhf converters, 
solving 

WIOOP p. 53, Jan 73 

Receiver scanner, vhf 

K2LZG p, 22, Feb 73 

Receiver, superregenerative, for vhf 

WA5SNZ p. 22, Jul 73 

Signal detection and communication 
in the presence of white noise 
WB6IOM p 16, Feb 69 

Signal generator for two and six meters 

WA80IK p. 54, Nov 69 

Single-frequency conversion, vhf/uhf 

W3FQJ p. 62, Apr 75 

Vhf receiver, general-purpose 

K1ZJH p. 16, Jul 78 

Vhf/uhf preamplifier burnout (HN) 

W1JR p. 43, Nov 78 

Vhf receiver, general-purpose 

K1ZJH p. 16, Jul 78 

Weak-signal source, stable, variable output 

K6JYO p. 36, Sep 71 

Weak-signal source, 144 and 432 MHz 


K6JC p. 58, Mar 70 

10 GHz hybrid-tee mixer 

G3NRT P- 34, Oct 77 

28-30 MHz low-noise preamp 

W1JAA p- 48, Oct 75 

30-MHz preamplifier, low-noise 

W1 HR p- 38, Oct 78 

50-MHz deluxe mosfet converter 

WB2EGZ p. 41, Feb 71 

50-MHz etched-inductance bandpass filters 
and filter-preamplifiers 

W5KHT p- 6, Feb 71 

50-MHz preamplifier, improved 

WA2GCF p- 46, Jan 73 

144-MHz converter (HN) 

K0VQY p. 71, Aug 70 

144-MHz converter, high dynamic range 

DJ2LR p- 55, Jul 77 

144-MHz converters, choosing fets (HN) 

K6JYO p- 70, Aug 69 

144-MHz deluxe mosfet converter 

WB2EGZ p. 41, Feb 71 

Short circuit P- 96, Dec 71 

Letter, W0LER P- 71, Oct 71 

144-MHz etched-inductance bandpass 
filters and filter-preamplifiers 
W5KHT p. 6, Feb 71 

144-MHz fm receiver 

W9SEK p. 22, Sep 70 

144-MHz fm receiver 

WA2GBF p. 42, Feb 72 

Added notes P- 73, Jul 72 

144-MHz fm receiver 

WA2GCF p. 6. Nov 72 

144-MHz preamplifier, improved - 

WA2GCF p. 25, Mar 72 


p. 34, Oct 77 
p. 48, Oct 75 


p. 38, Oct 78 
p. 41, Feb 71 


p. 6, Feb 71 
p. 22, Sep 70 


p. 42, Feb 72 
p. 73, Jul 72 


p. 6. Nov 72 
p. 25, Mar 72 
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144-MHz preamplifier, low noise 

W8BBB p. 36, . 

144-MHz preamp, low-noise 

W1DTY p. 40, , 

144-MHz preamp, super (HN) 

K6HCP p, 72, i 

144-MHz transverter using power fets 

WB6BPI p. 10, ‘ 

220-MHz mosfet converter 

WB2EGZ p, 28, J 

Short circuit p. 76, 

432 MHz converter, low-noise 

K6JC p. 34, ( 

432-MHz fet preamp (HN) 

W1DTY p. 66, A 

432-MHz GaAs preamp 

JH1BRY p, 22, ; 

432-MHz preamplifier, low-noise 

WB5LUA p, 26, I 

432 MHz preamplifier and converter 

WA2GCF p. 40. 

432-MHz preamplifier, ultra low-noise 

W1JAA p. 8, K 

1296-MHz converter, solid state 

VK4ZT p. 6, IN 

1296 MHz, double-balanced mixers for 
WA6UAM p. 8, 

1296-MHz local-oscillator chain 

WA2ZZF p, 42, ( 

1296-MHz noise generator 

W3BSV p. 46, A 

1296-MHz preamplifier 

WA6UAM p. 42, ( 

1296-MHz preamplifier, low-noise 
transistor 

WA2VTR p. 50, J 

Added note (letter) p. 65, J 

1296-MHz preamplifiers, microstripline 
WA6UAM p. 12, / 

Comments, W2DU p, 68, . 

1296-MHz ssb transceiver 

WA6UAM p. 8, £ 

1296-MHz rat-race balanced mixer 

WA6UAM p. 33, 

2304-MHz balanced mixer 

WA2ZZF p. 58, ( 

2304-MHz converter, solid-state 

K2JNG, WA2LTM, WA2VTR p, 16, K 

2304-MHz preamplifier, solid-state 

WA2VTR p. 20, A 

2304-MHz preamplifiers, narrow-band 
solid-state 

WA9HUV p. 6, 


p. 27, Jun 69 


vhf and microwave 
transmitters 

External anode tetrodes 

W6SAI p. 23, Jun 69 

Inductively-tuned tank circuit 

W6SAI p. 6, Jul 70 

Lighthouse tubes for uhf 

W6UOV p. 27, Jun 69 

Pi networks, series-tuned 

W2EGH p. 42, Oct 71 

Ssb input source for vhf, uhf transverters (HN) 
F8MK p. 69, Sep 70 

Transistors for vhf transmitters (HN) 

WIOOP p. 74, Sep 69 

Vhf linear, 2 kW, design data for 

W6UOV p. 7, Mar 69 

Water-cooled 2C39 (HN) 

WA9RPB p. 94, Sep 77 

2C39, water cooling 

K6MYC p. 30, Jun 69 

50-MHz customized transverter 

K1RAK p. 12, Mar 71 

50-MHz heterodyne transmitting mixer 

K2ISP p. 8, Apr 69 

Correction p. 76, Sep 70 

50-MHz kilowatt, inductively-tuned 

K1DPP p. 8, Sep 75 

50-MHz 2 kW linear amplifier 

W6UOV p. 16, Feb 71 

50-MHz linear amplifier 

K1RAK p. 38, Nov 71 

50-MHz multimode transmitter 

K2ISP p. 28, Sep 70 

50-MHz transverter 

WA9IGU p. 44, Jul 69 

144-MHz fm transceiver, compact 

W6AOI p. 36, Jan 74 

144-MHz fm transmitter 

W6AJF p. 14, Jul 71 

144-MHz fm transmitter 

W9SEK p. 6, Apr 72 

144-MHz fm transmitter, Sonobaby 

WA0UZO p. 8, Oct 71 

Crystal deck for Sonobaby p. 26, Oct 72 

144-MHz heterodyne transmitting mixers 

K2ISP p. 8, Apr 69 

Correction p. 76, Sep 70 

144-MHz linear 

W4KAE p. 47, Jan 69 

144-MHz linear, 2kW, design data for 

W6UOV p. 7, Mar 69 

144-MHz low-drive kilowatt linear 

W6HHN p. 26, Jul 70 

144-MHz multimode transmitter 

K2ISP p. 28, Sep 70 

144-MHz phase-modulated transmitter 

W6AJF p. 18, Feb 70 

144-MHz power amplifier, high 
performance 

W6UOV p. 22. Aug 71 


p. 16, Feb 71 
p. 38, Nov 71 


p. 28, Sep 70 
p. 44, Jul 69 


144-MHz power amplifiers, fm 

W4CGC p. 6, Apr 73 

144-MHz power amplifier, 10-watt 
solid state (HN) 

W1DTY p. 67, Jan 74 

144-MHz power amplifier, 80-watt, solid-state 
Hatchett p. 6, Dec 73 

144-MHz stripline kilowatt 

W2GN p. 10, Oct 77 

144-MHz transceiver, a m 

K1A0B p. 55, Dec 71 

144-MHz transmitting converter, solid-state ssb 
W6NBI p, 6, Feb 74 

Short circuit p. 62, Dec 74 

144-MHz transverter 

K1RAK p. 24, Feb 72 

144-MHz two-kilowatt linear 

W6UOV, W6ZO, K6DC p. 26, Apr 70 

144- and 432-MHz stripline amplifier/tripier 


p. 50, Nov 71 
p. 44, Dec 71 


p. 44, Jan 71 
p. 6, Sep 73 


p, 38, Oct 69 


K2RIW p. 6, Feb 70 

220-MHz exciter 

WB6DJV p. 50, Nov 71 

220-MHz power amplifier 

W6UOV p. 44, Dec 71 

220-MHz rf power amplifier 

WB6DJV p. 44, Jan 71 

220-MHz rf power amplifier, fm 

K7JUE p. 6, Sep 73 

432-MHz exciter, solid-state 

WIOOP p. 38, Oct 69 

432-MHz power amplifier using stripline 
techniques 

W3HMU p, 10, Jun 77 

432-MHz rf power amplifier 

K6JC p. 40, Apr 70 

432-MHz solid-state linear amplifier 

WB6QXF p. 30, Aug 75 

432-MHz ssb converter 

K6JC p, 48, Jan 70 

Short circuit p. 79, Jun 70 

432-MHz ssb, practical approach 

WA2FSQ p. 6, Jun 71 

432-MHz stripline tripler 

K2RIW p. 6, Feb 70 

432-MHz 100-watt solid-state power 
amplifier 

WA7CNP p. 36, Sep 75 

1152- to 2304-MHz power doubler 

WA9HUV p. 40, Dec 75 

1270-MHz video-modulated power amplifier 
W9ZIH p. 67, Jun 77 

1296-MHz frequency tripler 

K4SUM, W4API p. 40, Sep 69 

1296-MHz power amplifier 
W2COH, W2CCY, W20J, 

W1IMU p. 43, Mar 70 

1296-MHz ssb transceiver 

WA6UAM p. 8, Sep 74 

1296-MHz transverter 

K6ZMW p. 10, Jul 77 

2304-MHz power amplifier 

WA9HUV p. 8, Feb 75 


p. 67, Jun 77 
p. 40, Sep 69 


p. 43, Mar 70 
p. 8, Sep 74 


p. 10, Jul 77 
p. 8, Feb 75 


hrpg integrated 
Code Training System 


Just out! A new generation of Amateur code 
tapes. Many code practice tape manufacturers 
have specific styles and approaches, but none 
can compare to HRPG's new Integrated Cade 
Training System which provides a varied, yet 
unified method for extremely effective learning. 
Select the speed(s) best for you. and choose any 
one. or combination, o' four differ eat training 
techniques to help increase your code proficiency. 


STRAIGHT CODE SERIES 

Here are three different straight code tapes consisting of randomly gener- 
ated six character groups sent at different speeds. 

These tapes are excellent for building both the speed and copying accura¬ 
cy needed for contesting, DXing and traffic handling. 

□HR-STC1 - $4.95 [HHR-$TC3 - $4.95 

7.5 wpm code for 25 minutes 25 wpm for 20 minutes 

10 wpm code for 25 minutes 30 wpm for 20 minutes 

15 wpm code for 25 minutes 35 wpm for 20 minutes 

□HR-STC2 — $4.95 40 wpm for 20 minutes 

15 wpm code for 50 minutes 

22.5 wpm code lor 35 minutes 

PLAIN LANGUAGE TEXT SERIES 

Now, there’s an opportunity to practice copying code in plain language 
text, any time of the day. The PLT series is excellent for those who are 
learning code by the word method. These tapes can also be used to im¬ 
prove sending speed and accuracy by using the provided text and a code 
practice oscillator to send in time with the tape. 

□HR-PLT1 - $4.95 DHR-PLT2 - $4.95 

15 wpm code lor 20 minutes 30 wpm code for 20 minutes 

18 wpm code lor 20 minutes 35 wpm code for 15 minutes 

22 wpm code for 20 minutes 40 wpm code lor 15 minutes 

25 wpm code lor 20 minutes 45 wpm code for 15 minutes 

50 wpm code for 15 minutes 

More Details? CHECK-OFF Page 150 


HI/L0 SERIES 

In this unique series, characters are sent at high speeds with long pauses 
between each character. For example, HLC4 (15/2.5 wpm) consists of 
characters sent at a 15 wpm rate, but with 2 5 wpm spacing between 
each character. These tapes are excellent for the beginner who wants to 
practice copying higher speed code without the frustration of constantly 
getting behind. 

□HR-HLCl - $4.95 QHR-HLC3 - $4.95 

22.5/2.5 wpm code for 80 minutes 15/5 wpm code for 28 minutes 

□ HR-HLC2 — $4.95 15/7.5 wpm code for 28 minutes 

22.5/5 wpm code for 20 minutes 15/10 wpm code for 28 minutes 

22.5/7.5 wpm code for 20 minutes □HR-HLC4 — $4.95 
22.5/10 wpm code for 20 minutes 15/2.5 wpm code for 80 minutes 

22.5/13 wpm code for 20 mirtules 

QS0 SERIES 

Here’s the way to go for those planning to upgrade their present license 
to General or Extra Class. Both QS0 tapes are reproductions of actual on- 
the-air CW contacts, similar in content to the FCC code exams. Both tapes 
are recorded at speeds faster than those encountered in the exams. Get 
the best practice for that all-important code test by mastering these tapes. 

□ HR-QS0-1 — $4.95 — A 90 minute tape of 25 ClSOs sent at 15 wpm. 

□ HR-QSO-2 — $4.95 — A 90 minute tape of 30 ClSOs sent at 22.5 wpm. 

Please include order codes and send check, money order or 
credit card information, plus $1.00 handling to: 

Ham Radio’s Communications Bookstore 

Greenville, NH 03048 
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